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Introduction

Over the last few decades, the field of infancy research has grown exponentially, and as
we enter the new millennium we have more information on infant abilities – perceptual,
cognitive, and social – than would have been dreamed of 30 or 40 years ago. There is
good reason for this growth. For developmental psychologists, there exist vital questions
regarding the origins and early manifestation of human abilities that can only be answered
by investigating the abilities of infants, sometimes very young infants at that. In addition
to questions about the perceptual, cognitive, and social capacities of the newborn, impor-
tant questions exist regarding the processes underlying the exciting developments in
motor skill, memory capacity, and perceptual, emotional, social, and cognitive ability that
we see in infancy. The beginnings of communication and language are also detected in
infancy. All these developments are of interest in their own right, but are also significant
for what they may tell us about the origins and nature of later ability. Additionally, from
an applied standpoint, there is growing emphasis on early detection of developmental
problems and interventions that may alleviate or even prevent their emergence. These
questions and concerns are not new, but their solutions require adequate techniques for
studying infant ability.

One thing that makes the field of infancy so exciting today is the fact that investiga-
tive techniques are becoming so sophisticated that it sometimes appears that there is now
no limit to the questions that can be answered about infant ability, even newborn ability.
Additionally, particularly as ultrasound scanning techniques have developed, impressive
evidence has been obtained indicating prenatal learning, so that older assumptions about
birth as the starting point for psychological development have had to be revised. And 
the frequent outcome of studies of young infants is that their perceptual and cognitive
abilities appear more sophisticated than we ever suspected. However, these findings bring
with them a whole new set of questions. For instance, we are faced with why, if 3-month-
olds know a great deal about physical reality, they fail to reveal this knowledge in their
manual and locomotor actions until they are into their second year. In the last decade,



there has been a growing backlash against “rich interpretations” of young infants’ ability,
with various counter-explanations emerging that treat the young infant’s performance as
based on relatively low-level perceptual capacities.

One possibility is that these ingenious techniques provide circumstances that amplify
infant ability so that it appears more fully formed than it really is. An important 
advance in social development concerned the proposition that infants’ abilities are 
initially highly fragile and only appear in situations in which adults provide the neces-
sary support for their emergence. Although this sort of interpretation has mainly 
been applied to infant social development and social influences on infant cognitive 
development, the conclusions drawn can be similarly applied to the highly structured
experimental settings used to investigate early perception and cognition. Thinking 
here is in its early stages, but it appears that there is a much more exciting alternative 
to reinterpreting the results of studies of young infants’ perceptual and cognitive 
abilities as revealing only fairly dull low-level perceptual functioning. More probably, 
these early capacities, though relatively low level, are the developmental precursors of 
the more fully formed abilities we see later in infancy. These early capacities are 
initially revealed only in physical and/or social settings that support their appearance.
Thus, young infants will walk with the support of a treadmill, reveal sophisticated 
knowledge of objects in structured experimental settings, and show social competence 
in interaction with an adult. But it will be many months before these capacities are 
transformed into abilities that exist independent of the supportive context provided by
adults and investigators.

One fascinating challenge for theory-builders is to map out the developmental
processes that lead from knowledge that is implicit in the relationship between young
infants and the experimental or social setting, to knowledge that can guide the infant’s
intentional behavior in less structured or supportive settings. In many respects, very young
infants appear to be well aware of their physical and social world and, in contrast to earlier
theories such as Piaget’s, their task is not to construct awareness of the world but to con-
struct means of acting appropriately on the basis of this awareness. Although part of this
process may occur as the infant investigates the world for him or herself, there is mount-
ing evidence to indicate that infants gain much from parents in their task of interpreting
their awareness. This largely unwitting help from parents appears to include structuring
the infant’s world of objects, and guiding their actions and emotional responses to objects.
Through the process of social referencing, infants learn from their parents how to act and
how to feel regarding their physical world.

Here we have only had space to select one or two of the exciting issues in infancy
research that we now seem well equipped to investigate further. In this book you will find
many other examples of progress being made on important developmental questions, and
thus our aim here has been simply to whet the reader’s appetite. The handbook contains
26 chapters by leading researchers whose brief was to write an up-to-date advanced-level
review of theory and findings in their area of expertise. Chapter topics and authors were
selected so as to provide comprehensive coverage of research areas that are currently of
central importance in the field, in terms of basic research, applied research, and policy.
Our primary criterion in selecting our authors was that they should all be leaders in their
fields. In addition, in order to produce a truly international perspective, we sought our
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experts in a wide range of countries. We believe that the result is a stimulating balance
between North American and European perspectives.

The book is organized in four main sections: Part I, Perception and Cognition; Part
II, Social, Emotional, and Communicative Development; Part III, Risk Factors in De-
velopment; and Part IV, Contexts and Policy Issues. The sections adhere to conventional
subdivisions of the discipline. However, both in the chapters themselves and in our edi-
torial introductions to each section, the reader’s notice will be brought to examples of the
way these subdivisions are being progressively broken down, as accounts are developed
that question the distinction between perception and cognition, provide links between
social and cognitive development, and indicate the applied implications of basic empiri-
cal research.

Our aim has been to make the book accessible to a wide audience. Even though each
chapter addresses current issues in a scientifically advanced way, we and the authors have
worked hard to achieve a writing style in each chapter that does not depend upon prior
knowledge of the field. Given the relatively high level at which chapters are pitched, we
anticipate that the handbook will provide a thorough overview of the field that will be
particularly attractive to graduate students, to advanced undergraduates, and to univer-
sity teaching staff who teach infancy research but who either do not research the field or
who are confident only in a limited area. We hope it will also be attractive to academics
who are looking for a high-level treatment of the field that reviews central theoretical and
practical issues and cutting-edge research.

J. Gavin Bremner
Alan Fogel

xii Introduction



Part I

Perception and Cognition

Introduction

This section provides detailed coverage of current research on infants’ ability to perceive
and remember information in their world, and to act on the basis of this information.
Knowledge of infants’ perceptual and memory capacities, and at a higher level, their
knowledge and understanding of the physical and social world they inhabit, is vital in
itself and also for what it may imply about their social behavior and emotional responses.
For instance, an ability to perceive parents and to discriminate them from other adults is
an important precondition for the formation of attachment relationships, and the ability
to perceive and discriminate sounds is likewise a necessary condition for the receptive side
of verbal communication.

As indicated in the general introduction, there has been a revolution in what we know
about young infants’ perceptual abilities. In general, the current view is that young infants
and even newborns have well-established perceptual capacities. In chapter 1, Slater reviews
evidence on visual perception, concluding that even newborns perceive an objective
world. This might lead one to conclude that there is no perceptual development during
infancy, but current evidence suggests that phenomena such as object unity, in which we
as adults “fill in” occluded parts of objects, are not present at birth and develop during
the first four months or so. Phenomena such as these provide an indication that it is no
longer easy to provide a straightforward distinction between perception and cognition,
because the ability to complete the hidden parts of an object can be considered as either
a high-level perceptual capacity, based on Gestalt principles, or a cognitive ability akin to
knowledge of the permanence of hidden objects. One of the challenges for future work
is to establish which of these conceptualizations is most appropriate. Slater also reviews
current evidence on a key aspect of social perception: face perception. Again there is evi-
dence that newborns have at least basic processes in place for perception of and dis-
crimination between faces, abilities that become more refined as the infant gets older.

There is a tendency to concentrate investigation on infant visual perception at the
expense of the other senses. However, social stimuli in particular have important audi-
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tory properties; information about people is contained as much in the auditory as the
visual modality. In chapter 2, Fernald explains the techniques for measuring infants’ audi-
tory abilities and reviews the resulting evidence. Like the case of visual perception, young
infants have impressive auditory abilities that develop further with age. Additionally, there
is evidence for auditory learning and discrimination even before birth. The later sections
of the chapter focus on infants’ ability to perceive speech. Young infants show impressive
abilities to discriminate speech sounds and are particularly attentive to the particular into-
nation patterns that adults use in their infant-directed speech. Clearly, these abilities are
critical for the later development of language comprehension and production (see chapter
15).

Any account would be incomplete without a treatment of the development of action.
Until relatively recently, accounts of motor development were offered according to which
cortical developments led to motor activities coming progressively under purposive
control. In chapter 3, Smitsman dispels the notion that the development of action can
be explained purely in terms of changes in the brain, pointing out that development
occurs through a dynamic process of self-organization in which brain, biomechanics, and
environment interact. Dynamical systems theory has successfully modeled some of the
changes that take place, and one benefit of this approach is that it can incorporate links
between perception and action. Using reaching and grasping as an example, Smitsman
indicates the need for an approach that takes account of a wide range of bodily and envi-
ronmental factors. Postural control is required to support successful reaching, and thus
motor subsystems must interact to produce the action. Also, it is evident that infants take
account of environmental structure with growing precision in action guidance. Thus, to
present a full account of the development of action it is necessary not just to model the
relationship between different motor components, but to include in the model the rela-
tionship between these organism properties and the structure of the environment.

Although young infants have quite advanced perceptual capacities, it appears they have
to develop the ability to use perceptual information to guide action. In chapter 4, Bremner
reviews evidence for advanced awareness of objects in early infancy, but contrasts this lit-
erature with the wealth of evidence showing that it may be many months before indi-
viduals are able to use this information to guide their actions. Late emergence of
knowledge-guided action cannot be put down to motor immaturity, and Bremner sug-
gests that an important aspect of infant development concerns the discovery and con-
struction of relationships between perception and action. One of the controversies in this
area concerns the nature of early competence. Some researchers claim innate knowledge
and the ability to reason about events, others that competence is based on lower-level per-
ceptual principles. Bremner suggests that although the latter interpretation may be more
appropriate, the capacities revealed in early infancy are vital precursors of cognitive 
abilities that emerge later in infancy.

None of the above abilities is possible without at least some rudimentary form of
memory. Not so long ago, it was suspected that memory was quite severely limited in
early infancy. In chapter 5, Rovee-Collier and Barr provide a thorough review of the
methods used to investigate infant memory and learning, methods that range from simple
habituation as evidence for recognition memory, to deferred imitation as evidence for
recall of an action sequence. The evidence indicates that even in early infancy, memory
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is a good deal more long-lived and specific than was once thought. Additionally, the dura-
tion of memory can be dramatically increased by the use of simple brief reminders of the
task and setting. Rovee-Collier and Barr conclude that although memory is somewhat
limited in terms of duration and speed of retrieval, infant memory systems show all the
same properties as adult systems, permitting them to retain a great deal of detailed 
information about the world over long periods.

Although various authors touch on the relationship between brain development and
the phenomena with which they are dealing, these relationships deserve a thorough treat-
ment in themselves. In chapter 6, Johnson argues for the need to take a multidisciplinary
approach to developmental questions that takes account of what we know of the brain’s
development as well as the development of behavior. Additionally, he argues against the
older notions that psychological developments can be put down simply to brain matu-
ration, indicating that complex two-way processes are involved through which the devel-
opment of the brain actually results from exercise of the behaviors that it controls. The
reader will find many of the topics treated in earlier chapters revisited within this frame-
work. These include face recognition (chapter 1), visually guided action (chapter 2),
object permanence (chapter 4), and memory (chapter 5). The primary emphasis in every
case is what can be gained from an approach that interprets development in terms of the
dynamic relationship between development of brain and behavior, and Johnson makes a
convincing case for the merits of this approach.

With the exception of material on face and voice perception, the first six chapters in
this section focus on literature concerning infants’ perception and knowledge of the physi-
cal world. The final three chapters change the focus to perception and understanding of
self and others – abilities that are necessary components of infants’ functioning as social
beings. In chapter 7, Rochat presents evidence of infants’ ability to detect disparities
between proprioceptive information about limb movements and asynchronous visual
information about their limb movements fed back to them experimentally. The conclu-
sion is that intermodal information about limb position and movement, along with
“double touch” information that arises when the infant touches a part of self, provides
early perceptual specification of self. This implicit perception arises from exploration and
exists long before explicit self-recognition. Rochat also claims social origins of self-
knowledge, arguing that in imitation and emotional matching, young infants match their
actions and emotions to those of others, and so develop an implicit sense of interpersonal
self.

The final two chapters relate closely, but take rather different perspectives. In chapter
8, Butterworth takes a comparative perspective on joint visual attention in human infants.
Interpretation of the locus of another’s gaze or point is a complex spatial skill, and 
Butterworth presents evidence that infants are initially capable of identifying locus of
attention only within the range of space in which viewer and target are simultaneously
visible, later extending this to wider space. Additionally, younger infants tend to use head
orientation rather than eye orientation to infer locus of attention, and even adults do not
apply a precise geometric vector solution. Interestingly, infant abilities in these tasks are
matched or exceeded by adult chimpanzees. Pointing, in principle, is a simpler spatial
skill, but important questions arise as to how human infants and apes use it. Although
apes do point, they do not appear to use pointing as a declarative gesture. In contrast,
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infants’ pointing appears to be declarative from its emergence, indicating clear differences
between humans and apes.

In chapter 9, addressing some of the same topics, Reddy focuses on what infants’
actions tell us about early knowledge of the mind. Specifically, she looks at infants’ knowl-
edge of attention and intention by others. Knowledge of attention is revealed both in
infants’ subtle responses to the attentional acts of others, and in their attempts to direct
the attention of others. Less is known about understanding of intentionality but there is
evidence for its roots in early infancy. For instance, 4-month-old infants respond appro-
priately to playful intentions of others. Later, 9-month-olds show the beginnings of ability
to read the intentions of others in their acts. Around the same time, infants begin to
respond to parental commands and occasionally to show playful noncompliance, cases of
teasing that Reddy interprets as implying growing awareness of others’ intentions and
how these can be disrupted. Abilities of this sort are identified as evidence for an implicit
theory of mind, a capacity that is essential for the development of later social 
competence.
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Chapter One

Visual Perception

Alan Slater

Introduction

The major characteristic of perception, which applies to all the sensory modalities, is that
it is organized. With respect to visual perception, the world that we experience is
immensely complex, consisting of many entities whose surfaces are a potentially bewil-
dering array of overlapping textures, colors, contrasts, and contours, undergoing 
constant change as their position relative to the observer changes. However, we do 
not perceive a world of fleeting, unconnected retinal images; rather, we perceive objects,
events, and people that move and change in an organized and coherent manner.

For hundreds of years there has been speculation about the development of the visual
system and of perception of an organized world; however, answers to the many questions
awaited the development of procedures and methodologies to test infants’ perceptual abili-
ties. Many such procedures are now available and, since the 1960s, many relevant infant
studies have been reported. The findings from many of these studies are described in this
chapter. The chapter is in four main sections. In the first section, “Theoretical Overview,”
an account is given of the theories of visual development that have helped shape our under-
standing of the infant’s perceived world. In order to begin the business of making sense of
the visual world, it has to be seen, and considerable research has been carried out to describe
the sensory capacities of the young infant. An account of some of this research is given in the
section headed “Sensory and Perceptual Functioning.” In the next section, “Visual 
Organization at and Near Birth,” research is described that has investigated the intrinsic
organization of the visual world. Several lines of evidence converge to suggest that infants

*The author’s research described in this chapter has been supported by research grants RC00232466
and R000235288/237709 from the Economic and Social Research Council. Earlier versions of some of
the material contained in this chapter have appeared in Bremner, Slater, and Butterworth (1997), Vital-
Durand, Atkinson, and Braddick (1996), and Slater (1998).
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are born with some representation of the human face, and it has become apparent that infants
rapidly learn about their visually perceived world. These themes are discussed under the
headings “Is there an Innate Representation of the Human Face?” and “Early Experience and
Learning.” In the final section, emerging questions, paradigms, and issues are discussed.

Theoretical Overview

Until recent times the majority of theories of visual perception emphasized the extreme
perceptual limitations of the newborn and young infant. For example, the “father of
modern psychology” William James claimed (1890, Vol. 1, p. 488), in one of the most
memorable phrases in developmental psychology, that “the baby, assailed by eyes, ears,
nose, skin and entrails at once, feels it all as one great blooming, buzzing confusion.”
Hebb (1949), and Piaget (1953, 1954) argued that visual perception is exceptionally
impoverished at birth and suggested that its development is a consequence of intensive
learning in the months and years from birth. Hebb (1949, pp. 32–33) concluded that
“The course of perceptual learning in man is gradual, proceeding from a dominance of
colour, through a period of separate attention to each part of a figure, to a gradually
arrived at identification of the whole as a whole: an apparently simultaneous instead of
a serial apprehension,” and he suggested that, “it is possible then that the normal human
infant goes through the same process, and that we are able to see a square as such in a
single glance only as the result of complex learning.” Piaget (1953, p. 62) said of the
young infant’s vision: “Perception of light exists from birth and consequently the reflexes
which insure the adaptation of this perception (the pupillary and palpebral reflexes, both
to light). All the rest (perception of forms, sizes, positions, distances, prominence, etc.)
is acquired through the combination of reflex activity with higher activities.” Piaget did
not discuss visual development in any detail. However, his constructionist approach sug-
gested that perception becomes structured, in a sequence of stages as infancy progresses,
as the infant becomes able to coordinate more and more complex patterns of activity.
Thus, many perceptual abilities, such as intersensory coordination, size and shape con-
stancy, an understanding that hidden objects continue to exist, and understanding of
space and objects, develop relatively late in infancy.

The obvious alternative to learning or constructionist accounts of visual development
is to adopt a nativist view that the ability to perceive a stable, organized visual world is an
innate or inherent property of the visual system. A coherent and influential Gestalt theory
of perception was developed by three psychologists, Max Wertheimer (1890–1943), Kurt
Koffka (1886–1941), and Wolfgang Kohler (1887–1967). The Gestalt psychologists listed
rules of perceptual organization that describe how groups of stimuli spontaneously orga-
nize themselves into meaningful patterns (research by Quinn and his colleagues into the
Gestalt organizational principles of similarity, good continuation, and closure is described
later). The Gestalt psychologists believed that the organization of visual perception is the
result of neural activity in the brain which, in turn, depends on electrochemical processes.
These physical processes obey the laws of physics, and are a fundamental characteristic of
the human brain. It therefore follows that visual organization is a natural characteristic of
the human species and is therefore innately provided.
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The distinguished American psychologist J. J. Gibson (1904–1979) was for many years
a leading critic of the empiricist or constructivist position. Gibson (1950, 1966, 1979)
argued that the senses, or “perceptual systems,” have evolved over evolutionary time to
detect perceptual invariants directly, and without the need for additional supplementation
by experience. Invariants are higher-order variables of perception that enable observers to
perceive the world effectively, without the need for additional, constructive processes. Such
invariants specify constancy of shape and size of objects, the permanence and properties of
objects, the three-dimensional world of space, and so on: “Perception is not a matter of
constructing a three-dimensional reality from the retinal image, either in development or
in the perceptual acts of adults. The structure of the environment is ‘out there’ to be picked
up, and perception is a matter of picking up invariant properties of space and objects”
(Bremner, 1994, p. 118). Gibson was not a nativist. The invariances that infants detect
cannot be easily specified, and perceptual development depends on the distinctive features
that are detected at different ages, an empirical matter that cannot be easily resolved theo-
retically. However, when researchers began to discover perceptual abilities in young infants
that could not be explained by recourse to empiricist, learning, and constructivist views, it
was appealing to interpret findings in terms of Gibson’s views: since perception is direct
and does not need to be enhanced by experience, then Gibson’s theory was the only “grand
theory” able to accommodate the findings.

In recent years it has become apparent that Piaget’s and Gibson’s views both have much
to offer: Piaget because he emphasized the role of action in sensorimotor development,
and Gibson because his theory allows for the possibility of innate perceptual organiza-
tion. These points will be touched on later in the chapter. No one would doubt that con-
siderable learning about the visual world has to take place. However, as soon as research
into infant perceptual abilities began in earnest, from the early 1960s, it became appar-
ent that extreme empiricist views were untenable. As early as 1966 Bower concluded that
“infants can in fact register most of the information an adult can register but can handle
less of the information than adults can register” (p. 92). Research over the last 40 years
has given rise to conceptions of the “competent infant,” who enters the world with an
intrinsically organized visual world that is adapted to the need to impose structure and
meaning on the people, objects, and events that are encountered. This research has given
rise to a number of theoretical views, concerned with specific aspects of visual develop-
ment. Some of these views are described in the chapter, and an overview of some recent
approaches is given in the final section.

Sensory and Perceptual Functioning

Unlike the other senses, there is no opportunity for visual experience prior to birth. It is
therefore not surprising to find that the visual world of the newborn infant is quite dif-
ferent from that of the adult. Figure 1.1 shows schematic horizontal sections through the
(left) eyes of the adult and the neonate to illustrate differences in overall size, in the shape
of the lens, and in the depth of the anterior chamber. At birth the eye, like the brain, is
relatively well developed, and both increase in volume about three or four times com-
pared with the rest of the body, which increases about 21 times to reach adult size. Clearly,
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the eye and brain are relatively well developed at birth. At the time of normal birth (i.e.,
term) the peripheral retina of the eye is quite well developed, but the central retina (the
macular region and the fovea) is poorly developed and undergoes considerable post-term
changes (a detailed account of this development is given in Hainline, 1998). In order to
perceive the visual world the perceiver needs a reasonable level of visual acuity (the ability
to resolve detail), and the ability to distinguish the boundaries, colors, luminance levels,
and textures of surrounding surfaces. The ability to track moving objects in the environ-
ment and to fixate (foveate) objects of interest is important, and depth perception is nec-
essary to discriminate surfaces against the background. Excellent recent accounts of the
development of infant vision are to be found in Atkinson (2000), Hainline (1998), and
in various chapters in Vital-Durand, Atkinson, and Braddick (1996). A brief account of
the development of visual functions is given here.

Contrast Sensitivity, Visual Acuity, Accommodation, and Color Vision

It is not surprising to find that the visual information detected by the newborn infant is
impoverished when compared with that detected by the adult. Sensitivity to contrast 
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Figure 1.1 Schematic horizontal sections through the (left) eyes of the adult and neonate (to scale),
to illustrate differences in gross size, in the shape of the lens, and in the depth of the anterior
chamber. F, fovea; R, retina.



differences is poor. A black and white pattern gives a contrast approaching 100 percent,
and under good viewing conditions adults can discriminate between shades of gray 
giving contrast values of less than 1 percent; a contrast value of 30–40 percent is close 
to the newborn’s threshold of detectability. Visual acuity is also poor. The most 
commonly used procedure to measure visual acuity is the visual preference method, 
often called preferential looking, or PL. In this procedure black and white stripes or 
gratings are shown to the infant at a distance of some 20 to 40cm from the eyes, each
stripe pattern paired with a gray patch of equal overall luminance. Infants tend 
preferentially to fixate the member of a stimulus pair they find more salient or interest-
ing, and stripes are more interesting than a gray field, so if the stripes can be resolved,
the infants more often look to that side than the other. If the stripe width is too small,
however, the detail will not be visible, and no preference is observed. The infant’s looking
to each side is recorded by an observer, watching through a peephole or on a video
monitor, and the smallest stripe width that is reliably preferred to the gray is taken as the
estimate of acuity.

An alternative method for assessing visual acuity, and other visual functions, is mea-
surement of visually evoked potentials (VEP). This consists of recording activity in the
visual cortex (at the back of the skull) via electrodes placed on the scalp. When a stimu-
lus such as a grating or checkerboard is presented, it is repeatedly phase-reversed (i.e., 
its dark elements switch to light as its light elements switch to dark). If the stimulus is
registered by the visual system, the evoked potential signal should have a frequency 
component that matches the frequency of phase reversal.

Preferential looking studies suggest that neonate visual acuity is poor, about 1 to 2
cycles per degree, which is around 20/600 Snellen (Banks & Dannemiller, 1987; 
Brown, Dobson, & Maier, 1987; von Noorden, 1988; see also Hainline, 1998). (Adult
visual acuity is typically around 30 cycles per degree, or 20/20 vision.) Thus, a 
neonate could resolve black and white stripes about one-eighth of an inch wide at a 
distance of 30cm. Use of the visually evoked potential gives a more optimistic 
estimate (Hamer, Norcia, Tyler, & Hsu-Winges, 1989; Marg, Freeman, Peltzman, &
Goldstein, 1976; Sokol, 1978). Acuity improves rapidly. The evoked potential 
technique suggests acuity is nearly adultlike by 6 months of age, but the preferential
looking method indicates that more development in acuity occurs after this time 
(Banks & Dannemiller, 1987). The reasons for the discrepancy between the two 
procedures remain unclear (Banks & Dannemiller, 1987). As a rough guide, Figure 1.2
gives an indication of how the mother’s face might look to a newborn infant, and 
how she might look to us: while the image is degraded and unfocused for the newborn,
enough information is potentially available for the infant to learn to recognize the
mother’s face.

Accommodation refers to changes in the shape of the lens to focus on objects at dif-
ferent distances. Accommodation is initially poor, but since acuity is poor at birth it is
likely that the “fine-tuning” afforded by accommodative changes makes little difference
to the clarity of the perceived image. Accommodation responses improve along with
changes in acuity, so that from 2 months, or earlier, all normal infants alter their accom-
modation in the appropriate direction as the distance of a visual target changes 
(Hainline, 1998; Howland, Dobson, & Sayles, 1987).
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Newborn infants have been found to be limited in their abilities to detect color. A
common misperception is that neonates are “color-blind,” but this is not true. Hainline
(1998, p. 27) summarizes research on infant color vision as follows: “It is difficult to know
for certain, but it is probably safe to say that even young infants have a form of colour
vision and it is probably like that of adults, (although) colours probably appear less intense
than the same colours would to an older infant or adult.”

Eye Movements, Scanning, and Fixations

Foveation consists of directing one’s gaze to items of interest in the visual array. Foveation
is most readily accomplished in humans via eye movements, although head and body
movements also contribute. Even newborn infants foveate small objects, if they are moti-
vated and the object is not too difficult to see (i.e., if it can be distinguished against the
background and is close to the eyes). However, there are limitations in very young infants’
abilities successfully to produce certain eye movements. For example, until 8 to 10 weeks
of age, infants rarely engage in smooth pursuit, or the tracking of a slowly moving small
target (Aslin, 1981). Saccadic eye movements are rapid movements which point the fovea
at targets of interest: when reading a book such eye movements quickly direct the eye
along the line of print. It has been observed that when one target disappears and another
reappears young infants will often “approach” the new stimulus with a series of saccades
rather than just one (Aslin & Salapatek, 1975). These are called “step-like” saccades.
However, not all studies have found this apparent immaturity (Hainline & Abramov,
1985). Hainline (1998) points out that adults will occasionally produce step-like saccades
when they are tired or inattentive, and suggests that perhaps the frequency of such sac-
cades in infants might also be caused by lack of attention to the stimuli that are shown
them in laboratory tests. She says that “We do not regularly observe step-saccades when
infants look at natural scenes, so they may be an artifact of the laboratory,” and concludes
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Figure 1.2 A face as it might appear to a newborn (left) and to us.



“In general, the saccadic system seems quite mature and ready to function to reorient the
fovea at high speeds, even early in life” (p. 36).

In summary, neonates seem to be limited in visual scanning skills, although attempts
at foveation are readily observed. All types of eye movements are observed in young
infants, and the eye movement and fixation system is mature by around 4 months 
(Hainline, 1998).

Depth Perception

For those of a creationist bent, one could note that God must have loved depth cues, for
He made so many of them. (Yonas & Granrud, 1985, p. 45)

By being physically separated in space the two eyes provide slightly different images of the
perceived world. Detection of these small differences, or disparities, provides the basis for
an important binocular cue to depth, stereopsis, in which the disparities are interpreted by
the visual system as actual depth differences, and so gain three-dimensionality. The pres-
ence of stereopsis has been tested in infants by presenting them with two stimuli, one to
each eye, the two images being slightly disparate: the infant wears goggles which allow 
the presentation of different images to the two eyes. If the infant has stereopsis, and fuses
the images, a figure or shape is seen, and this is looked at in preference to a stimulus which
does not produce a stereoscopic shape. Several researchers have reported that stereopsis
appears around the end of the fourth month from birth (Braddick & Atkinson, 1983;
Held, 1985; Teller, 1983). In adults very fine disparities can be detected and give rise to
depth information. This fineness of stereopsis, called stereoacuity, improves rapidly from
the onset of stereopsis and approaches adult levels within a few weeks (Held, 1985).

There are many other depth cues. Motion-carried, or kinetic depth cues are responded
to at an early age. Newborn infants will selectively fixate a three-dimensional stimulus 
in preference to a photograph of the same stimulus, even when they are restricted to
monocular viewing and the major depth cue is motion parallax (Slater, Rose, & Morison,
1984). Infants as young as 8 weeks perceive three-dimensional object shape when shown
kinetic random-dot displays (Arterberry & Yonas, 2000). Appreciation of pictorial depth
cues – those monocular cues to depth that are found in static scenes such as might be found
in photographs – has been found from about 5 months. In an early experiment Yonas,
Cleaves, and Pettersen (1978) used the “Ames window,” a trapezoidal window rotated
around its vertical axis. When adults view the two-dimensional Ames window monocu-
larly a powerful illusion is perceived of a slanted window with one side (the larger) closer
than the other. Yonas et al. reported that 6-month-olds are twice as likely to reach for the
larger side of the distorted window than for the smaller side, suggesting that this depth cue
is detected by this age. Sen, Yonas, and Knill (2001) have described a recently discov-
ered static monocular cue to depth. This illusion is shown in Figure 1.3. In their experi-
ment Sen et al. found that 7-month-olds, but not 5- or 5.5-month-olds, when tested
monocularly, reached for the apparently closer end of the fronto-parallel cylinder. This
finding gives further support to their suggestion that sensitivity to static monocular depth
cues first appears around 6 months from birth.
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Overview

Some common myths about early vision can be dispelled. It is certainly not the case that
babies are born blind, neither is it true that their vision is “locked on” at a particular dis-
tance from the eyes. The immediate input to the visual system is the image that falls on
the two-dimensional retinae of the eyes. Although in no sense do we (or infants) ever
“see” this retinal image, a commonly expressed view is that, since this image is upside
down and reversed from right to left, at birth infants see the world similarly distorted.
The simplest experiment convinces us that babies see the world the “right way round”:
if a light is shone to the left, or right (or up or down) of the baby’s looking position the
baby will turn its eyes in the correct direction. Of course, if the visual world were inverted
or reversed the babies would look in the opposite direction, which they don’t! Newborn
infants also display some degree of color vision.

Clearly, the young infant’s world is impoverished compared with that of the adult, but
many visual functions approach adult standards three or four months from birth. Even
the poor vision of very young infants does not hamper their development: there is “little
indication that young infants are handicapped by their purported primitive visual abil-
ities” (Hainline, 1998, p. 5). Young infants do not need to scrutinize the fine print in a
contract, or to see things clearly at a distance. The most important visual stimuli are to
be found in close proximity, and better acuity, which might allow infants to focus on
distant objects that are of no relevance to their development, might well hinder, rather
than promote, their development. Hainline (1998, p. 9) summarizes it rather nicely:
“visually normal infants have the level of visual functioning that is required for the things
that infants need to do.”
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Figure 1.3 A 2D version of the 3D illusion used by Sen et al. (2001).



Visual Organization at and Near Birth

We have seen that scanning abilities, acuity, contrast sensitivity, and color discrimination
seem to be limited in neonates. However, despite these limitations the visual system is
functioning at birth, and in this section several types of visual organization that are found
in early infancy are discussed. Many parts of the brain, both subcortical and cortical, are
involved in vision, but it is reasonable to claim that visual perception, in any meaning-
ful sense, would not be possible without a functioning visual cortex, and this is discussed
in the next section.

Cortical Functioning at Birth

The cortex is responsible for humans’ memory, reasoning, planning, and many visual
skills. The ability to foveate and to discriminate detail is also mediated by the visual cortex,
and we presented evidence above which suggests that newborns can foveate stimuli.
However, it has been proposed (Bronson, 1974) that the visual cortex is not functional
at birth, and that the visual behaviors of infants for around the first two months from
birth are mediated by subcortical structures such as the superior colliculus, which is par-
ticularly involved in the control of eye movements. Other researchers have also claimed
that there is a shift from subcortical to cortical functioning around two months from
birth (e.g., Atkinson, 1984; Johnson, 1990; Johnson & Morton, 1991; Pascalis, de
Schonen, Morton, Deruelle, & Fabre-Grenet, 1995).

A critical test of cortical functioning is discrimination of orientation. In primates, ori-
entation discrimination is not found in subcortical neurons, but it is a common prop-
erty of cortical cells, and orientation selectivity is therefore an indicator of cortical
functioning. Two studies tested for orientation discrimination in newborns (Atkinson,
Hood, Wattam-Bell, Anker, & Trickelbank, 1988; Slater, Morison, & Somers, 1988). In
these, newborn infants were habituated to a black and white stripes pattern (grating), pre-
sented in an oblique orientation, and on subsequent test trials they clearly gave a prefer-
ence for the same grating in a novel orientation (the mirror-image oblique of the
familiarized stimulus).

This finding is an unambiguous demonstration that at least some parts of the visual
cortex are functioning at birth. The presence of visually evoked potentials (referred to
earlier in the section on visual acuity) also implies cortical functioning. Several accounts
have attempted to describe which parts of the visual cortex may be more functional than
others (e.g., Atkinson, 1984, 2000; Johnson, 1990). However, even if the visual cortex is
immature, it is difficult to know in what ways this imposes limitations on visual percep-
tion. As Atkinson and Braddick (1989, p. 19) have put it, “we do not really have any
idea how little or how much function we should expect from the structural immaturity
of new-born visual cortex.” Certainly, as will be described in the next sections, it has
become clear that the newborn infant is possessed of many ways in which to begin to
make sense of the visual world.

Visual Perception 13



Shape and Size Constancy

As objects move, they change in orientation, or slant, and perhaps also their distance, 
relative to an observer, causing constant changes to the image of the objects on the retina.
However, and as indicated in the Introduction, we do not experience a world of fleeting,
unconnected retinal images, but a world of objects that move and change in a coherent
manner. Such stability, across the constant retinal changes, is called perceptual constancy.
Perception of an object’s real shape regardless of changes to its orientation is called shape
constancy, and size constancy refers to the fact that we see an object as the same size
regardless of its distance from us. If these constancies were not present in infant percep-
tion, the visual world would be extremely confusing, perhaps approaching James’s
“blooming, buzzing confusion,” and they are a necessary prerequisite for many other types
of perceptual organization. However, recent experiments have given clear evidence that
these constancies are present at birth, and these are discussed next.

In a study of size constancy, Slater, Mattock, and Brown (1990) used preferential
looking (PL) and familiarization procedures. A newborn infant being tested in a size con-
stancy experiment is shown in Figure 1.4. In the PL experiment they presented pairs of
cubes of different sizes at different distances, and it was found that newborns preferred
to look at the cube which gave the largest retinal size, regardless of its distance or its real
size. These findings are convincing evidence that newborns can base their responding on
retinal size alone. However, in the second experiment each infant viewed either a small
cube or a large cube during familiarization trials: each infant was exposed to the same-

14 Alan Slater

Figure 1.4 A newborn infant being tested in a size constancy experiment.



sized object shown at different distances on each trial. After familiarization, the infants
were shown both cubes side by side, the small cube nearer and the large cube farther,
such that their retinal images were the same size (Figure 1.5). The infants looked longer
at the cube they were not familiarized with (consistent with the novelty preferences com-
monly observed in habituation studies). This indicates that the neonates differentiated
the two cube sizes despite the similarities of the retinal sizes, and abstracted the familiar
cube’s real size over changes in distance.

Slater and Morison (1985) described experiments on shape constancy and slant per-
ception and obtained convincing evidence both that newborn infants detect, and respond
systematically to, changes in objects’ slants, and also that they could respond to an object’s
real shape, regardless of its slant. Their results demonstrate that newborn babies have the
ability to extract the constant, real shape of an object that is rotated in the third dimen-
sion: that is, they have shape constancy.

The findings of these studies demonstrate that shape and size constancy are organiz-
ing features of perception that are present at birth. E. J. Gibson (1969, p. 366) seemed
to anticipate these findings:

I think, as is the case with perceived shape, that an object tends to be perceived in its true
size very early in development, not because the organism has learned to correct for dis-
tance, but because he sees the object as such, not its projected size or its distance abstracted
from it.

Form Perception

The terms “figure,” “shape,” “pattern,” and “form” are often used interchangeably, and as
long ago as 1970 Zusne (p. 1) commented that “Form, like love, is a many-splendored
thing . . . there is no agreement on what is meant by form, in spite of the tacit agreement
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Figure 1.5 The stimuli shown to the infants on the post-familiarization test trials. This photo-
graph, taken from the babies’ viewing position, shows the small cube on the left at a distance of
30.5cm, and the large cube on the right at a distance of 61 cm.



that there is.” However, the most often used stimuli in studies of form perception are
static, achromatic, two- or three-dimensional figures with easily detectable contours that
can stand as figures in a figure–ground relationship, and it is primarily with reference to
these that most theories of form perception have been concerned.

One of the most intractable issues in the study of form perception in early infancy is
whether or not such figures or patterns are innately perceived as parts or as wholes. This
can be illustrated with respect to the newborn infant’s perception of simple geometric
shapes. We know that newborns discriminate easily between the outline shapes of simple
geometric forms such as a square, circle, triangle, and cross, but the basis of the dis-
crimination is unclear since these shapes differ in a number of ways, such as the number
and orientation of their component lines, and, as was mentioned earlier, newborns can
discriminate on the basis of orientation alone.

One experiment which suggests that there is a change in the way form is perceived in
early infancy was by Cohen and Younger (1984). They tested 6- and 14-week-old infants
with simple stimuli, each consisting of two connected lines which made either an acute
(45°) or an obtuse (135°) angle, similar to those shown in Figure 1.6. Following habitu-
ation they found that the 6-week-olds responded to a change in the orientation of the
lines (where the angle remained unchanged, test stimulus A in Figure 1.6), but not to a
change in angle alone (test stimulus B), while the 14-week-olds did the opposite in that
they recovered attention to a change in angle, but not to a change in orientation. These
findings suggest that 4-month-olds are able to perceive angular relationships, and hence
have some degree of form perception, but suggest that form perception in infants 6 weeks
and younger may be dominated by attention to lower-order variables such as orientation.
However, an experiment by Slater, Mattock, Brown, and Bremner (1991, Experiment 2)
used these stimuli and found that, with different conditions of testing, newborn infants
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Figure 1.6 Habituation and test stimuli used in experiments on form perception by Cohen and
Younger (1984) and Slater, Mattock, Brown, and Bremner (1991). Half the infants were habitu-
ated to the acute angle (upper left), half to the obtuse angle.



can process the relationship between two line segments, that is, the angle, independently
of its orientation. In this experiment each infant was shown either an obtuse or an acute
angle, but the angle changed its orientation on each of six familiarization trials. After this
familiarization period the infants were given test trials with the two angles, with each in
a different orientation than any shown earlier, and they reliably looked longer at the novel
angle. One interpretation of these findings is that newborn infants are able to respond
both to low-order variables of stimulation, such as orientation, and also to higher-order
variables, such as form (i.e., angles), and that the variable to which they respond depends
on the experimental manipulation (but see Cohen, in Slater, Mattock, Brown, and
Bremner, 1991, p. 405, for a different interpretation).

All visual stimuli are stimulus compounds in that they contain separate features that
occur at the same spatial location, and which the mature perceiver “binds together” as a
whole. With such an ability we see, for example, a green circle and a red triangle, while
without it we would see greenness, redness, circularity, and triangularity as separate stimu-
lus elements. Evidence suggests that newborn infants perceive stimulus compounds. In
an experiment by Slater, Mattock, Brown, Burnham, & Young (1991) newborns were
familiarized, on successive trials, to two separate stimuli. For half the infants these were
a green vertical stripe and a red diagonal stripe; the other babies were familiarized to green
diagonal and red vertical stripes. In the former case there are two novel combinations,
these being green diagonal and red vertical, and on post-familiarization test trials the
babies were shown one of the familiar compounds paired with one of the novel ones, and
they showed strong novelty preferences. Note that the novel compounds consisted of
stimulus elements that the babies had seen before (green, red, diagonal, vertical), and the
novelty preferences are therefore clear evidence that the babies had processed and remem-
bered the color/form compounds shown on the familiarization trials.

Subjective Contours and Gestalt Organizational Principles

Many organizational principles contribute to the perceived coherence and stability of the
visual world. As discussed above, shape and size constancy are present at birth, as is some
degree of form perception. Other types of visual organization have been found in young
infants, and by way of illustration two of these are discussed here: subjective contours
and Gestalt principles.

Subjective contours are contours that are perceived “in the absence of any physical gra-
dient of change in the display” (Ghim, 1990). Such contours were described in detail by
Kanizsa (1979) and the Kanizsa square is shown in Figure 1.7: the adult perceiver usually
“completes” the contours of the figures, despite the fact that the contours are physically
absent. Convincing evidence that 3- and 4-month-old infants perceive subjective con-
tours was provided by Ghim (1990), who described a series of experiments leading to the
conclusion that the infants perceived the complete form when viewing the subjective
contour patterns.

One of the main contributions of the Gestalt psychologists was to describe a number of
ways in which visual perception is organized. Quinn, Burke, and Rush (1993) reported 
evidence that 3-month-old infants group patterns according to the principle of similarity,
or proximity. Two of the stimuli they used are shown in Figure 1.8. Adults reliably group
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the elements of such stimuli on the basis of lightness (or brightness) similarity and 
represent the figure on the right as a set of columns, and the other as a set of rows. Three-
month-olds do the same, in that those habituated to the columns pattern generalize to 
vertical lines and prefer (perceive as novel) horizontal lines, while those habituated to the
rows prefer the novel vertical lines. In recent experiments, using similar stimuli, Farroni,
Valenza, Simion, and Umilta (2000) found that newborn infants also group by similarity.

Quinn, Brown, and Streppa (1997) describe experiments using an habituation – novelty
testing procedure, to determine if 3- and 4-month-old infants can organize visual patterns
according to the Gestalt principles of good continuation and closure. The stimuli they used
are shown in Figure 1.9. Following familiarization to pattern (a) in Figure 1.9, tests
revealed that the infants parsed the pattern into a square and teardrop (b) rather than into
the “less-good” patterns shown in (c): that is, they had parsed the familiarized figure into
the two separate shapes of a square and a teardrop in the same way that adults do.

Overview

The above is just a sample of the many studies which demonstrate that young infants
organize the visually perceived world in a similar manner to that of adult perceivers. But
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Figure 1.7 Pattern A (a Kanizsa square) produces subjective contours and is seen as a square.
Pattern B contains the same four elements but does not produce subjective contours.

Figure 1.8 Stimuli used by Quinn et al. (1993) with 3-month-olds and by Farroni et al. (2000)
with newborns. Infants, like adults, group by similarity and perceive the pattern on the left as rows,
and that on the right as columns.



the newborn and young infant’s world is very different from ours: “It must certainly lack
associations, meaning and familiarity” (Gordon, 1997, p. 82). In the next two sections
the possibility of innate (or prefunctional) representations that might guide early learn-
ing, and some of the ways in which perception is affected and changed by experience and
learning in infancy, are discussed.

Is there an Innate Representation of the Human Face?1

Several lines of evidence converge to suggest that newborn infants come into the world
with some representation of faces. Goren, Sarty, and Wu (1975) and Johnson and Morton
(1991) present evidence that newborn infants are more likely to track (follow with their
eyes) face-like patterns than non-face-like patterns. Johnson and Morton argue for the
existence of an innate face-detecting device they call “Conspec” (short for conspecifics),
which “perhaps comprises just three dark patches in a triangle, corresponding to eyes and
mouth” (Pascalis et al., 1995, p. 80), and which serves to direct the newborn infant’s
visual attention to faces.

Imitation

Other evidence suggests that the newborn infant’s hypothesized facial representation might
be more detailed than simply a template that matches three dots. In particular it has been
demonstrated that newborn (and older) infants will imitate a variety of facial gestures they
see an adult model performing. One of the first published reports of imitation by newborn
and older infants was by Meltzoff and Moore (1977), and there are now many reports of
such imitation (e.g., Field, Woodson, Greenberg, & Cohen, 1982; Meltzoff & Moore,
1984, 1992, 1994, 1997; Reissland, 1988). Meltzoff (1995) suggests that “newborns begin
life with some grasp of people” (p. 43) and that their ability to recognize when their facial
behavior is being copied implies that “there is some representation of their own bodies” 
(p. 53). Infants can see the adult’s face, but of course they cannot see their own. This means
that in some way they have to match their own, unseen but felt, facial movements with the
seen, but unfelt, facial movements of the adult. Meltzoff and Moore (1997, 2000) propose
that they do this by a process of “active intermodal matching” (AIM).
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Figure 1.9 Patterns used by Quinn et al. (1997).



A fundamental question is, “What is the motive for imitation in the newborn?” No
man, and no baby, is an island, and one suggestion is that babies are born with a deep-
seated need to communicate (Kokkinaki & Kugiumutzakis, 2000; Kugiumutzakis, 1993).
A complementary interpretation is offered by Meltzoff and Moore (1992, 1994), who
claim that imitation is an act of social cognition which serves to help the infant identify,
understand, and recognize people: “infants use the non-verbal behavior of people as an
identifier of who they (the people) are and use imitation as a means of verifying this 
identity” (1992, p. 479).

Infants Prefer Attractive Faces

Several experimenters have found that infants prefer to look at attractive faces when these
are shown paired with faces judged by adults to be less attractive (e.g., Langlois, Ritter,
Roggman, & Vaughn, 1991; Langlois et al., 1987; Samuels, Butterworth, Roberts, &
Graupner, 1994; Samuels and Ewy, 1985). The “attractiveness effect” seems to be robust
in that it is found for stimulus faces that are infant, adult, male, female, and of two ethnic
groups (African American and Caucasian), and babies also preferred attractive to sym-
metrical faces when these two dimensions were varied independently. The effect has
recently been found with newborn infants, who averaged less than three days from birth
at the time of testing (Slater, Bremner, et al., 2000; Slater, Quinn, Hayes, & Brown, 2000;
Slater et al., 1998).

A frequently expressed interpretation of the attractiveness effect is in terms of proto-
type formation and a cognitive averaging process. The origins of this interpretation can
be traced back to more than a hundred years ago. In the nineteenth century Charles
Darwin received a letter from Mr. A. L. Austin of New Zealand (Galton, 1907, p. 227).
The letter read:

Although a perfect stranger to you, and living on the reverse side of the globe, I have taken
the liberty of writing to you on a small discovery I have made in binocular vision in the
stereoscope. I find by taking two ordinary carte-de-visite photos of two different persons’
faces, the portraits being about the same sizes, and looking about the same direction, and
placing them in a stereoscope, the faces blend into one in a most remarkable manner, pro-
ducing in the case of some ladies’ portraits, in every instance, a decided improvement in
beauty.

Darwin passed the discovery to his half cousin, Francis Galton, who confirmed the
effect. Galton went further and was the first scientist to average faces, which he did 
photographically by underexposing each individual picture. In recent times such averag-
ing can be done by computer, and the resulting “average” or prototypical face is typically
seen as more attractive than the individual faces that combine to produce it. For this
reason, averageness has been claimed to be an important ingredient of attractiveness 
(Langlois & Roggman, 1990). According to this interpretation, therefore, attractive faces
are seen as more “face-like” because they match more closely the prototype that infants
have formed from their experience of seeing faces: thus, “Infants may prefer attractive or
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prototypical faces because prototypes are easier to classify as a face” (Langlois & Roggman,
1990, p. 119). It is possible that newborn infants’ preferences for attractive faces result
from an innate representation of faces that infants bring into the world with them: 
Langlois and Roggman (1990) discuss the possibility of an innate account for attractive-
ness preferences. Alternately, it is possible that even the newborn’s preference for attrac-
tive faces is a preference for an image similar to a composite of the faces they have seen
in the few hours from birth prior to testing. An evolutionary account of attractiveness
preferences is offered by Etcoff (2000).

Overview

It seems now to be reasonably well agreed that “there does seem to be some representa-
tional bias . . . that the neonate brings to the learning situation for faces” (Karmiloff-
Smith, 1996, p. 10). This representational bias is likely to be something more elaborate
than simply a tendency to attend to stimuli that possess three blobs in the location of
eyes and mouth (“Conspec”). This possibility is suggested by newborn infants’ ability to
imitate the facial gestures produced by the first face they have ever seen (Reissland, 1988),
and also, perhaps, by newborn infants’ preferences for attractive faces. It is perhaps likely
that experiences in utero (for example, proprioceptive feedback from facial movements)
contribute to the newborn infant’s representation of faces, which might therefore result
from innate evolutionary biases, in interaction with prenatal experiences. Meltzoff and
Moore (1998, p. 229) offer the premise that “evolution has . . . bequeathed human infants
. . . with initial mental structures that serve as ‘discovery procedures’ for developing more
comprehensive and flexible concepts.” 

Early Experience and Learning

Infants learn rapidly about their visually encountered world: as Karmiloff-Smith (1996,
p. 10) has put it, “At birth visual processing starts with a vengeance.” This rapid learn-
ing is apparent in the ease with which even newborn infants will habituate to visual stimuli
and subsequently recover attention to novelty. In this section some clear examples of early
visual learning in infancy are discussed, under the headings of face perception, intermodal
perception, and perception of object segregation, and unity.

Face Perception

This representational bias for faces discussed in the previous section ensures that newborn
infants have a predisposition to attend to faces, and it is clear that soon after birth they
learn to distinguish between individual faces, form prototypes of faces they have seen only
briefly, and recognize faces across various transformations (such transformations as size
changes and a change from facing straight ahead to half profile) (Bushnell, Sai, & Mullin,
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1989; Field, Cohen, Garcia, & Greenberg, 1984; Walton, Armstrong, & Bower, 1997,
1998; Walton, Bower, & Bower, 1992). Apparently, this recognition is not dependent
solely on facial features. The effect disappears if the women’s hairlines are covered with a
scarf (Pascalis et al., 1995). Thus, attention to outer contours seems to contribute to
neonates’ face-recognition abilities.

Such remarkable early learning might result from an innately endowed face-specific
learning mechanism (e.g., Farah, Rabinowitz, Quinn, & Liu, 2000; Nelson, 2001), or 
it might be a product of a more general pattern-processing system that assists the infant
in learning about complex visual stimuli.

Intermodal Perception

Most of the objects and events that we experience are intermodal in that they provide
information to more than one sensory modality. Such intermodal information can be
broadly categorized into two types of relation, amodal and arbitrary. Amodal perception
is where two (or more) senses provide information that is equivalent in one or more
respects, and many types of amodal perception have been demonstrated in early infancy.
Newborn infants reliably turn their heads and eyes in the direction of a sound source,
indicating that spatial location is given by both visual and auditory information 
(Butterworth, 1983; Muir & Clifton, 1985; Wertheimer, 1961). One-month-olds
demonstrate cross-modal matching by recognizing a visual shape (a pacifier) that had 
previously been experienced tactually by sucking, indicating that the shape is coded both
tactually and visually (Meltzoff & Borton, 1979). By four months infants are sensitive to
temporal synchrony specified intermodally in that they detect the common rhythm and
duration of tones and flashing lights (Lewkowicz, 1986). Four-month-olds also detect
and match appropriately the sounds made either by a single unitary element or by a cluster
of smaller elements (Bahrick, 1987, 1988). Thus, there is evidence that infants, from
birth, perceive a wide range of invariant amodal relations.

Many intermodal events give both amodal and arbitrary information. For instance,
when a person speaks the synchrony of voice and mouth provides amodal information,
whereas the pairing of the face and the sound of the voice is arbitrary (in the sense that
there is nothing in the face that specifies tone of voice, etc.). In several publications
Bahrick (e.g., 1987, 1988, 1992, 2000; Bahrick & Pickens, 1994) has provided strong
evidence that learning about arbitrary intermodal relations is greatly assisted if there is
accompanying amodal information: “detection of amodal invariants precedes and guides
learning about arbitrary object–sound relations by directing infants’ attention to appro-
priate object–sound pairings and then promoting sustained attention and further differ-
entiation” (Bahrick & Pickens, 1994, p. 226).

There is evidence that newborn babies are easily able to learn arbitrary intermodal rela-
tions, but only if the intermodal stimuli are accompanied by amodal information which
specifies that they “go together.” Such amodal information can include spatial co-
location (sight and sound are found at the same place), temporal synchrony (lips and
voice are synchronized), temporal microstructure (a single object striking a surface pro-
duces a single impact sound, but a compound object, consisting of several elements, will
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produce a more complex, prolonged sound). Morrongiello, Fenwick, and Chance (1998)
found that newborn infants learned toy–sound pairs when the two stimuli were spatially
co-located, but not when they were presented in different locations. Slater, Quinn, Brown,
and Hayes (1999) tested newborn infants in two conditions. In their auditory-contingent
condition 2-day-old infants were familiarized to two alternating visual stimuli (differing
in color and orientation), each accompanied by its “own” sound. The spatially located
sound was presented only when the infant looked at the visual stimulus – when the infant
looked away the sound stopped. Thus, presentation of the sound was contingent upon
the infant looking. In their auditory-noncontingent condition the sound was continuously
presented, independently of whether the infant looked at the visual stimulus. They found
that their newborn infants learned the arbitrary auditory–visual associations when the
amodal contingent information was present, but not when it was absent. These findings
give strong support to Bahrick’s views, mentioned earlier. It is clear that rapid learning
about intermodal events occurs from birth, and that the presence or absence of amodal
information acts both as a powerful facilitator and a constraint on learning. It is of inter-
est to note that when the mother speaks to her infant the amodal information of tem-
poral synchrony of voice and lips is quite likely to facilitate learning to associate her face
and voice, and it seems likely that this learning occurs very soon after birth.

Perception of Object Segregation, and Unity

The visual world that we experience is complex, and one problem confronting the young
infant is knowing how to segregate objects, and knowing when one object ends and
another begins. Sometimes changes to color, contour, contrast, etc., are found within a
single object. For example, many animals have stripes, spots, changes to coloring, etc.;
people wear different-colored clothing, and there are natural color and contrast changes,
perhaps from hair to forehead, from eyes to face, and so on, but these changes of course
are all part of the same person. 

Sometimes, similar appearance is found for different objects, as when two or more
similar objects are perceived. Thus, there is no simple rule that specifies that an abrupt
or gradual change in appearance indicates one or more objects. This means that the seg-
regation of surfaces into objects is an important problem confronting the infant, and
many of the rules that specify object composition and segregation have to be learned from
experience. Object segregation is when the perceptual information indicates that two or
more objects are present, and object unity is where we appreciate that there is only one
object, despite breaks in the perceptual display: an example of the latter is where parts of
an object are partly occluded by (a) nearer object(s).

A clear difference has been found in infants’ perception of object unity in the age range
birth to 4 months. In a series of experiments on infants’ understanding of partly occluded
objects Kellman and his colleagues (Kellman & Spelke, 1983; Kellman, Spelke, & Short,
1986) habituated 4-month-olds to a stimulus (usually a rod) that moved back and forth
behind a central occluder, so that only the top and bottom parts of the rod were visible
(as in the upper part of Figure 1.10). On the post-habituation test trials the infants recov-
ered attention to two rod pieces, but not to the complete rod (shown in the lower part
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of Figure 1.10), suggesting that they had been perceiving a complete rod during habitu-
ation and that the rod pieces were novel. However, when newborn babies have been tested
with similar displays they look longer on the test trials at the complete rod (Slater,
Johnson, Brown, & Badenoch, 1996; Slater, Johnson, Kellman, & Spelke, 1994; Slater,
Morison, et al., 1990). Thus, neonates appear not to perceive partly occluded objects as
consisting of both visible and nonvisible portions. Rather, they seem to respond only to
what they see directly.

The difference in the response patterns of newborn and 4-month-old infants suggests
that some period of development is necessary for perception of object unity to emerge in
infants. Johnson and his colleagues (Johnson & Aslin, 1995; Johnson & Nanez, 1995)
presented two-dimensional (computer-generated) rod-and-occluder displays, similar to
the habituation display shown in Figure 1.10, to 2-month-olds. Johnson and Nanez
(1995) found that, following habituation, the infants did not show a preference for either
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Figure 1.10 Habituation and test displays shown to infants to test perception of object unity.
During habituation the rod, and during test trials the rod and rod parts, moved back and forth
undergoing common motion.



of the test stimuli, suggesting that they were perhaps not fully capable of perceiving object
unity. Johnson and Aslin (1995) tested the hypothesis that “with additional visual infor-
mation, infants at this young age would be more likely to perceive the unity of the rod
parts” (Johnson, 1997, p. 10). They did this by testing their infants in three conditions,
in each of which more of the rod was shown behind the occluder. In one of these con-
ditions the occluder was simply made smaller in height; in another, a vertical gap was
placed in the box; in the third, the occluder contained gaps. In all of these conditions the
2-month-olds now responded like 4-month-olds – that is, they showed preferences for
the broken rod on the test trials, thereby indicating early perception of object unity. Thus,
it appears that an understanding of the completeness, or unity, of partly occluded objects
begins around two months from birth.

The young infant’s limitations have been confirmed by others, in studies of object seg-
regation. Spelke and her colleagues (e.g., Kestenbaum, Termine, & Spelke, 1987; Spelke,
Breinlinger, Jacobson, & Phillips, 1993) have found that 3-month-olds interpret displays
in which two objects are adjacent and touching as being a single unit, even though the
objects may be very different in their features. Needham and Baillargeon (1998) showed
4-month-olds a stationary display consisting of a yellow cylinder lying next to, and touch-
ing, a blue box, and presented them with two test displays. In both events a gloved hand
came into view, grasped the cylinder, and moved it to one side, but in one, the move
apart condition, the box remained where it was, while in the other, the move together
condition, the box moved with the cylinder. On these test trials the 4-month-olds looked
about equally at the two test events, suggesting that they were uncertain whether the
cylinder and box were one or two separate units. Needham and Baillargeon found that
if the infants saw either the box or the cylinder alone for as little as 5 or 15 seconds, these
brief exposures were sufficient to indicate to the infants that the cylinder-and-box display
consisted of two objects.

Needham and Baillargeon (1997) investigated conditions under which 8-month-olds
detect objects as separate or interconnected. They found that when the infants saw two
identical yellow octagons standing side by side they expected them to be connected: on
test trials the infants appeared surprised (as measured by increased looking) when the
octagons moved apart, but not when they moved together. Needham and Baillargeon
found that this expectation could be readily changed by experience: a nice additional
finding was that a prior demonstration that a thin blade could be passed between the
identical octagons at the point of contact led the infants to expect them to be two objects.
When the objects shown the infants were a yellow cylinder and a blue box the infants
appeared surprised when the objects moved together, but not when they moved apart.
These findings are a clear demonstration that when the touching objects were identical
8-month-olds expected them to be one object, but when they were different in shape and
color they expected them to be two objects.

The developmental story seems to be as follows. In the first two months from birth
infants gradually learn about the continued existence of the unseen parts of partly
occluded objects, and also come to understand the continued existence of unseen objects
(Baillargeon, 1987). In terms of object segregation the young infant applies the rule “adja-
cency (touching) = a single unit/object”; by 4 months infants are uncertain, and experi-
ence plays a critical role in assisting them to parse the events they encounter. By 8 or 10
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months the rule “different features = different objects” seems to be applied consistently,
and has presumably been learned, or acquired, as a result of experience. One emerging
theme from the literature is that very brief experiences can change infants’ understand-
ing of particular displays.

Emerging Questions, Paradigms, Issues

As research into infant visual perception has progressed there has become less of a reliance
on the “grand theories” that were dominant in the early part of the twentieth century.
Many theoretical views have emerged which deal with specific areas of development, and
these views have often given rise to lively debates and have inspired critical experiments.
The aim in this section is briefly to discuss three such areas that are highly interrelated:
the relationship between neural structures and visual development; the role of action in
visual development; early representation and thinking. 

The Relationship between Neural Structures and Visual Development

Many different neural pathways are developing in the first year from birth (and later!),
and it is a truism to state that perceptual and conceptual development are constrained
and facilitated by their development. There are now many theoretical views which attempt
to understand the relationship between neural, perceptual, and cognitive growth. Some
of the issues debated include: the role of subcortical and cortical mechanisms in early
visual development; hemispheric specialization and its role in face perception; the devel-
opment of a ventral “what” pathway and its role in object identification and visual recog-
nition, and a dorsal “where” or “how” pathway involved in visually guided action and
spatial location (e.g., Farah et al., 2000; Milner & Goodale, 1995; Nelson, 2001); the
development of the frontal cortex and its role in problem solving. Space does not permit
discussion of these and other issues. An excellent introduction to the recent subdiscipline
of developmental cognitive neuroscience is given by Johnson (1997). 

The Role of Action in Visual Development

All spatially coordinated behaviors, such as visual tracking, visually locating an auditory
source, reaching, sitting, crawling, walking, require that action and perceptual infor-
mation are coordinated. In an excellent review of this topic Bertenthal (1996) quotes 
J. J. Gibson: “We must perceive in order to move, but we must also move in order to
perceive.” It has become clear that newborn infants perform many actions that are regu-
lated by perceptual information. These include visual tracking, orienting to sounds, and
hand to mouth coordination. However, while perception and action appear coordinated
from birth these systems clearly develop as infancy progresses, and new couplings appear.
For example, Campos, Bertenthal, and Kermoian (1992) reported that prelocomotor
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infants show no fear, or wariness, of heights, whereas age-matched crawling infants of the
same age showed a significant amount of fear. It seems that experience with crawling
changes infants’ sensitivity to depth, objects, and surfaces: a detailed account and 
synthesis of the role of locomotor experiences in changing infants’ perceptual, social, 
and cognitive development is given by Campos et al. (2000). Several researchers have
speculated on the relation between perception and action. Bremner (1997) suggests that
“development in infancy is very much to do with the formation of links between pre-
existing objective perception and emerging action, so that knowledge of the world implicit
in perception eventually becomes explicit knowledge in the sense that it can be used to
guide action.” 

Several researchers have found evidence of precocious perceptual abilities in young
infants. For example, newborn infants have size and shape constancy; infants as young as
3 months can represent the continued existence of invisible objects, and appear to know
that solid objects should not pass through each other; 2–4-month-old infants perceive
object unity in that they are aware that a partly occluded object is connected or complete
behind the occluder. These findings appear to be in contradiction to Piaget’s view, 
which is that these abilities develop only gradually over infancy, after extensive experi-
ence of observing and manipulating objects. For example, he described several observa-
tions showing how his own children appeared to acquire concepts of size and 
shape constancy by observing the effects of objects being moved towards and away 
from them (Piaget, 1954, Observations 86–91). There are at least three possible resolu-
tions to these contradictory claims, all of which appear in the literature. One is simply
to argue that Piaget was wrong. A second is to follow Bremner and make the distinction
between implicit (perceptual) and explicit (in action) knowledge. A third, conceptually
related, argument is to suggest that in the perception experiments the infant is a “couch
potato” and that “the methods used for studying young infants are inadequate for reveal-
ing all of the knowledge and mental processes that are necessary for problem solving.” 
In addition to perceptual abilities, “Problem solving also involves coordinating, 
guiding, monitoring, and evaluating a sequence of goal-directed actions” (Willatts, 1997,
pp. 112, 113).

Early Representation and Thinking

Several researchers have argued that infants, from a very early age, possess a core of physi-
cal knowledge, and they also make use of active representations to reason with this knowl-
edge. For example, newborn infants’ ability to imitate facial gestures suggests that they
have some innately specified representation of faces. With respect to the physical world,
young infants appear to have knowledge about basic principles such as solidity, causality,
trajectory, number, gravity, support, and so on. Research that demonstrates this under-
standing typically presents infants with “possible” and “impossible” events, where the
latter violate one or other physical principle. When the infants look longer at the “impos-
sible” event this is interpreted in terms of the infant representing the characteristics (or,
e.g., continued existence) of the object(s), reasoning about the physical world, under-
standing the physical principle being tested, and being surprised at the violation. All the
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italicized words are characteristics of a conceptual system, and suggest that infants possess
considerable physical knowledge from a very early age. Currently, however, these claims
are highly controversial (see chapter 4). Bogartz, Shinskey, and Speaker (1997), Haith
(1998), and Rivera, Wakeley, and Langer (1999) are among those who argue that these
sorts of interpretations are too rich, and imbue young infants with too much conceptual
ability. Haith argues that “Almost without fail we can account for infants’ longer looking
at an inconsistent or impossible event . . . in terms of well-established perceptual princi-
ples – novelty, familiarity, salience, and discrepancy” (p. 173). These conclusions and rein-
terpretations, of course, have been challenged (e.g., Spelke, 1998), and Meltzoff & Moore
(1998, p. 201) “hypothesize that a capacity for representation is the starting point for
infant development, not its culmination.” 

Conclusions

In the first section of this chapter evidence was presented suggesting that scanning abil-
ities, acuity, contrast sensitivity, and color discrimination are limited in neonates.
However, as Hainline and Abramov (1992, pp. 40–41) put it, “While infants may not,
indeed, see as well as adults do, they normally see well enough to function effectively in
their roles as infants.” Thus, despite their sensory limitations, it is clear that newborn
infants have several means with which to begin to make sense of the visual world. The
visual cortex, while immature, is functioning at birth, and it seems to be the case that
newborn infants possess at least rudimentary form perception. Newborn infants can
clearly remember what they see, and they demonstrate rapid learning about their per-
ceived world. 

One prerequisite for object knowledge is distinguishing proximal from distal stimuli.
The proximal stimulus is the sensory stimulation – in this case, the pattern of light falling
on the retina. The distal stimulus consists of what is represented by the pattern of stimu-
lation – the object itself. Neonates distinguish proximal from distal stimuli when they
demonstrate size and shape constancy: the object is perceived accurately, despite changes
to its retinal image. The picture of visual perception in early infancy that is emerging is
complex: some aspects of visual perception are very immature, whereas others appear to
be remarkably advanced at birth. Several lines of evidence converge to suggest that infants
are born with an innate preference for, and representation of, the human face. It is clear
that the young infant’s visual world is, to a large extent, structured and coherent as a
result of the intrinsic organization of the visual system.

However well organized the visual world of the young infant may be, it lacks the famili-
arity, meaning, and associations that characterize the world of the mature perceiver.
Inevitably, some types of visual organization take time to develop. An appreciation of the
underlying unity, coherence, and persistence of occluded objects is not present at birth,
and a proper understanding of the physical properties of objects emerges only slowly as
infancy progresses. As development proceeds, the innate and developing organizational
mechanisms are added to by experience, which assists the infant in making sense of the
perceived world.
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Note

1 The term “innate” refers to behaviors and abilities that are inherited and not appreciably
affected by experience. Thus, visual abilities that are present in the newborn infant are likely
to be innate. In the case of face perception it is possible that proprioceptive feedback from its
own facial and body movements in utero contributes to the newborn infant’s facial representa-
tion. An alternative term, prefunctional, avoids the potential pitfalls of calling something
“innate,” but for present purposes the term innate is used without any assumption that we
know how the ability(ies) originated.

Related Topics and Further Reading

Research into visual perception is carried out by many thousands of researchers, and in this chapter
it is only possible to give a brief outline of its development in infancy. Topics that have either not
been covered, or have not been discussed in any depth, include motion perception, neural devel-
opment, abnormalities of development, intersensory perception, categorization, and perception of
causality. Additional readings which deal with these and other topics in more detail are: 

Atkinson, J. (2000). The developing visual brain. Oxford: Oxford University Press.
Kellman, P. J., & Arterberry, M. E. (1998). The cradle of knowledge: Development of perception in

infancy. Cambridge, MA and London: MIT Press.
Lewkowicz, D. J. & Lickliter, R. (1994). The development of intersensory perception: Comparative

perspectives. Hillsdale, NJ: Lawrence Erlbaum Associates.
Simion, F. & Butterworth, G. (Eds.). (1998). The development of sensory, motor and cognitive capac-

ities in early infancy. Hove: Psychology Press.
Slater, A. (Ed.). (1998). Perceptual development: Visual, auditory and speech perception in infancy.

Hove: Psychology Press.
Vital-Durand, F., Atkinson, J., & Braddick, O. J. (Eds.). (1996). Infant vision. Oxford, New York,

and Tokyo: Oxford University Press.
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Chapter Two

Hearing, Listening, and Understanding:
Auditory Development in Infancy

Anne Fernald

Introduction

Infants now beam from the covers of popular magazines featuring articles on “how a
child’s brain develops” (Time, 1997) and “how learning begins” (Newsweek, 2000). 
This growing interest in the capabilities of infants has roots in ancient philosophical ques-
tions about the origins of human knowledge. However, the contemporary view of “the
scientist in the crib” has been shaped most directly by recent advances in experimental
research on development in infancy (Gopnik, Meltzoff, & Kuhl, 1999). Only 50 years
ago, the assumption that human newborns were effectively deaf and blind was still
entrenched in medical textbooks. This view only gradually receded with the refinement
of new methods sensitive enough to reveal sensory and cognitive abilities far more acute
and sophisticated than anyone had imagined. Much of the pioneering research on infant
cognition that began in the 1960s focused on the early development of visual and audi-
tory perception. Studies showing that newborns can indeed see and hear were news-
worthy because of their obvious clinical relevance, since the ability to make accurate
assessments of early sensory functioning enabled the design of effective and timely inter-
ventions. But beyond the important practical implications, research on visual and audi-
tory development led to new theories about how infants use what they see and hear to
make sense of their limited experience. Research on infants has now begun to illuminate
those enduring questions about the human mind first posed by philosophers: How do
children come to understand the world through their senses? And how is the child’s inter-
pretation of sensory information guided by inborn perceptual biases as well as by knowl-
edge gained through experience?

This chapter reviews research on auditory development in infancy in relation to larger
questions about the functions of hearing in the early acquisition of knowledge. The 
first section compares audition and vision and examines the historical argument that
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vision is the primary sensory modality in humans. The second section provides a brief
overview of the physical and psychological dimensions of sound, the mechanics of 
hearing and the early maturation of the auditory system. The third section describes
experimental methods used to assess auditory capabilities in infants, while the fourth
section focuses on basic research on infant hearing and hearing disorders. The fifth 
section distinguishes listening from hearing, reviewing research on how infants use audi-
tory information to discern socially and linguistically relevant information in the sounds
of human voices, how they listen for patterns in speech long before they produce 
their first words, and how the language they hear shapes their strategies for listening and
understanding.

Audition and Vision Compared

The idea of assessing visual and auditory capabilities in children may bring to mind stand-
ing in line in the school corridor, waiting to be asked to identify tiny letters on a wall
chart or to respond to faint sounds presented through headphones. Performance on such
tests determines whether certain aspects of visual and auditory function are “within the
normal range” for an individual. However, the normal development of visual and audi-
tory competence obviously involves much more than achieving 20/20 acuity and being
able to detect low-intensity sounds. While establishing sensory thresholds at different ages
provides valuable normative information, it is just the beginning of an account of how
infants gain knowledge about things, people, and events in the world through what they
see and what they hear.

Vision is often referred to as the primary sensory modality for vertebrates, because
most depend crucially on vision for orientation, locomotion, and action in a three-
dimensional world. Through evolution visual systems have undergone adaptation appro-
priate to the ecology of the species. Nocturnal predators such as owls have more rod 
photoreceptors sensitive to low illumination, while hawks have a higher concentration of
cone photoreceptors which enable high acuity at a distance in bright illumination. In
mammalian species, predators such as lions have eyes oriented forward, enhancing binoc-
ular vision and depth perception, while the ungulates they hunt have eyes positioned to
enhance vision to the side and rear. These visual specializations enable detection and local-
ization of other creatures and coordination of movement toward or away, abilities crucial
to survival. Although many mammals use audition to some extent in responding to preda-
tors and prey, and a few species such as bats rely extensively on auditory signals, the gen-
eralization that vision is relatively more important than audition for spatial orientation,
locomotion, and object identification seems reasonable, particularly for humans.

But visual and auditory experience yield fundamentally different kinds of knowledge.
In comparing their functions, it is useful to consider the sources and nature of stimula-
tion in these two modalities. The primary stimulus for vision is natural or artificial light
reflected from surfaces. In rare instances, light is emitted (e.g., phosphorescence), but
mostly it is reflected light which stimulates the photoreceptors and enables us to know
about the location, shape, color, motion, and other aspects of objects and creatures nearby
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and at a considerable distance. While touch can also provide information about the iden-
tity and location of stationary things nearby, only through vision is it possible to have
direct experience of stationary objects at a distance as well as knowledge of their location
relative to other objects and to the observer.

The primary stimulus for audition is the movement of air molecules, caused most often
by objects and living things in motion. Flowing water or vibrations in the vocal tract of
a barking dog agitate adjacent air molecules, which in turn set the eardrum into motion
and trigger the chain of mechanical and neural events in the auditory system which result
in the perception of sound. For most vertebrates, attention to sounds caused by the move-
ment of inanimate things such as fire can alert them to danger and thus is important for
survival. But of much greater importance is attention to sounds reflecting the movements
of conspecifics and other animals nearby whose actions have relevance for the listener.
We can hear a multitude of acoustic stimuli at any moment but are typically most atten-
tive to those sounds emitted by animals or people, or which result from their actions on
inanimate things in the environment. Such actions would include stepping on a branch
and also running a machine. Of course, sounds caused by objects in motion when no
animate agent is involved are often informative; e.g., trees moving in the wind are salient
to the hiker if a storm is gathering. But environmental noise is most often the background
against which the less predictable sounds of an unseen bird, an approaching train, or the
speech of a companion are more closely monitored. The important point is that sounds
can only occur when someone or something is in motion within a limited distance from
the listener. Since things which move spontaneously or which cause other things to move
are likely to be alive, audition is especially informative about events involving people and
other living creatures.

While vision may be primary in enabling infants to learn about the physical world,
audition plays a powerful role in initiating infants into a social world. In reviewing
research on the early development of hearing and listening, it is essential to keep this
point in mind. Many studies have investigated how infants process particular dimensions
of sound such as frequency or intensity, using stimuli which are carefully controlled but
which never actually occur in the natural environment. Such basic research provides a
foundation for understanding the processing of complex acoustic stimuli. However, audi-
tory systems have not evolved to respond to isolated features of sound, but rather to give
organisms access to dynamic events, where knowledge of these events is important for
survival. For humans in general and for infants in particular, the most important sources
of auditory stimulation are the sounds produced by other people.

The Auditory System

Whatever their cause, sounds have the same basic properties. The movement of leaves
and the vibration of vocal cords agitate surrounding air particles, which in turn set 
other air particles into motion. The resulting series of pressure variations emanating
outward from the vibrating sound source constitute the stimulus for hearing. When these
sound waves reach the ear, they initiate mechanical and electrical changes which 
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ultimately trigger neural responses in the brain. This neural activity is analyzed and inter-
preted in particular regions of the central nervous system which leads to the experience
of hearing.

Physical and Psychological Dimensions of Sound

The amplitude and frequency of sound waves, which are physical dimensions of all
acoustic stimuli, are related to the psychological qualities perceived as loudness and pitch.
Amplitude refers to the intensity of pressure each air particle exerts on the next, typically
measured at the crest of the waveform, while frequency refers to the number of crests per
second in the waveform. Although many factors influence the relation between these
physical features of sound and the psychological qualities of loudness and pitch, a sound
will generally be heard as louder when intensity increases and as higher in pitch when
frequency increases.

The frequency of a sound is measured in hertz (Hz), or cycles per second. Sounds pro-
duced by striking the 88 keys on a grand piano span the range from 27Hz for the lowest
note to 4186Hz for the highest note. The range of human song is in between, with the
bottom note of a bass voice around 80Hz and the top note of a soprano voice around
1100Hz. These values refer to the fundamental frequencies of notes produced by pianos
and voices, which usually correspond to their perceived pitch. However, natural sounds
are almost always complex waveforms which also comprise many frequencies higher than
the fundamental. A human vocalization with an average fundamental frequency around
200Hz may also contain energy at frequencies as high as 20,000Hz. Young adults can
hear sounds ranging from 20Hz to 20,000Hz, which means they can hear all the fre-
quencies used in speech production, but cannot hear all the frequencies in sounds pro-
duced by birds and insects, which may exceed 100,000Hz.

The amplitude of a sound is quantified in terms of decibels (dB), a relative measure
of intensity level. The conventional zero-point of the decibel scale is the sound pressure
of a 1000Hz tone at threshold, i.e., the intensity at which a young adult with normal
hearing can just barely detect a 1000Hz tone. Typical sound pressure levels (SPL) for
speech are 20dB SPL for whispering, 60dB SPL for conversational speech, and 100dB
SPL for shouting. Extremely intense sounds such as the takeoff of a jet engine can exceed
the threshold of pain around 140dB SPL.

Mechanisms of Hearing

For hearing to occur, the auditory system must accomplish three basic tasks: first, the
acoustic stimulus must be gathered and directed to the auditory receptors; second, the
sound wave must be converted from pressure variations into electrical signals; and third,
these electrical signals must be processed in the brain so as to convey reliable informa-
tion about the sound source.

Because in mammals the auditory receptors are located deep within the ear, acoustic
stimuli must travel a complicated path through the outer ear and middle ear to reach the
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cochlea in the inner ear (see Figure 2.1). The outer ear consists of the pinna and the ear
canal, which terminate in the eardrum. Sound waves collected in the outer ear cause the
eardrum to vibrate. The movement of the eardrum acts on three tiny bones in the middle
ear called maleus, the incus, and the stapes (referred to collectively as the auditory ossi-
cles), which amplify the signal and convey it to the oval window. Amplification of the
vibration through mechanical action of the ossicles serves a crucial function in delivering
the signal to the auditory receptors (Handel, 1989). Less force is required to set air into
motion than to set water into motion. Because the inner ear is filled with cochlear fluid,
there is an impedance mismatch between the air at the eardrum and the fluid at the oval
window. If the vibration of air molecules were to hit the cochlea directly, most of the
sound pressure would be dissipated. Without amplification of the air vibration, only
1/1000th of the power would be effective in setting the fluid in the inner ear into motion.
As a solution to this problem, the ossicles work as levers to increase the intensity of the
signal, efficiently transferring the air vibration from the outer ear into fluid vibration in
the cochlea of the inner ear.

The transduction of mechanical energy into electrical energy occurs in the cochlea, a
bony snail-shaped structure which contains the basilar membrane. The actual auditory
receptors are the hair cells lodged between the basilar membrane and other membranes
in the cochlea. When sounds of different frequency and intensity pass through the outer
and middle ear, they result in pressure changes in the cochlear fluid of the inner ear, which
then create distinctive patterns of movement along the basilar membrane. These vibra-
tions of the basilar membrane cause the hair cells to bend, generating an electrical signal
which is transmitted to fibers in the eighth auditory nerve. Electrical signals triggered by
bending of the hair cells then travel as neural impulses through the auditory pathways in
the brain. The auditory nerve fibers originating in the cochlea first synapse in the cochlear
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nucleus, then synapse again in the brainstem, the midbrain, and the thalamus before con-
necting with neurons in the auditory cortex.

It is simple to say that neural impulses in the auditory pathways result in the experi-
ence of hearing, but very difficult to understand how this happens. One way in which
hearing and seeing are fundamentally different is that visual perception is necessarily
focused at one spatial location, while auditory perception is open to stimulation by sounds
coming from all sides. At any moment, the pattern of light stimulating photoreceptors
on the retina represents the spatial configuration of a particular scene at a particular place.
At the very same moment, sound waves emanating from multiple sources at different dis-
tances in different directions all arrive simultaneously at the outer ear and combine into
one complex pattern of vibration of the eardrum. After this complex pattern is trans-
formed from mechanical to neural energy in the peripheral auditory system, it must then
be sorted out centrally so that the listener experiences qualitatively different sounds
coming from different sources. Bregman (1990) and Handel (1989) discuss the difficulty
of this problem and review what is known about peripheral and central auditory processes
involved in reconstructing reliable information about auditory sources from pressure 
variations in the air. For example, the role of the basilar membrane in coding informa-
tion about frequency and intensity has been extensively studied, as have the mechanisms
for integrating binaural input in sound localization. Less well understood are neural
processes at higher levels of the auditory system involved in interpreting complex acoustic
stimuli such as those characteristic of speech and music. This is an area of considerable
interest, with new research showing that some cortical neurons respond specifically to
particular dimensions of complex natural sounds (see Ribaupierre, 1997; Rouiller, 1997).

When Hearing Begins

The onset and development of auditory information processing clearly depend on the
maturation of the auditory system at every level, from the opening of the auditory canal
and mechanical efficiency of the middle ear to the developing sensitivity of the cochlear
membranes and level of function of the auditory pathways in the brain. When early 
investigations of auditory development led to the conclusion that infants had very poor
hearing, this apparent lack of sensitivity was attributed to maturational limitations such
as rigidity of the eardrum and immobility of the auditory ossicles (Pratt, 1933). Research
since that time has shown that in many respects the anatomy and physiology of the audi-
tory system are in fact well developed by the time of birth and that infants begin to hear
while still in utero (see chapter 18).

Werner and Marean (1996) review research on anatomical and physiological factors
which could influence infants’ responsiveness to sound both pre- and postnatally. The
outer ear, auditory canal, eardrum, and middle ear cavity, as well as the eustachian tube
connecting the chamber of the middle ear to the throat, all begin to form early in pre-
natal development and continue to change in shape and size throughout childhood.
Although relating these anatomical changes to functional changes is not straightforward,
they could be expected to have an influence on auditory sensitivity throughout this period.
In contrast, the auditory ossicles grow extremely rapidly, attaining their adult size by
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around 15 weeks gestational age, with bone formation complete by 25 weeks. The cochlea
also reaches its final size by 25 weeks, with patterns of sensory cells similar to those in
the adult cochlea evident by 32 weeks. By the time of birth, both the anatomy and 
innervation of the organs in the cochlea are complete (Bredberg, 1985). Although the
prenatal development of the peripheral auditory system is now fairly well documented,
developmental changes in the neural pathways of the central auditory system are
extremely complex and implications for the emergence of functional competence are not
well understood. However, research using animal models has made progress in elucidat-
ing brain mechanisms underlying particular auditory functions such as auditory local-
ization (see Rubel, Popper, & Fay, 1998).

Anatomical and electrophysiological evidence that the organs of the inner ear begin to
function around the sixth month of fetal life is consistent with behavioral evidence for
the onset of hearing around this time. Not surprisingly, pregnant women were aware that
hearing begins prenatally long before scientists could be convinced. However, anecdotal
reports of fetal movement following a loud sound (e.g., Forbes & Forbes, 1927) were
regarded with skepticism, and the first scientific studies to explore this phenomenon (e.g.,
Sontag & Wallace, 1935) had methodological shortcomings. Reviewing early research on
prenatal hearing, Aslin, Pisoni, and Jusczyk (1983) point out that because extremely loud
sounds were used as stimuli, any fetal movement following the sound could have been
triggered by the mother’s startle response rather than by the sound itself. It was also not
clear whether the fetal movement reflected an auditory response or a tactile response to
the vibrations in the stimulus.

In recent years, however, several carefully controlled studies have provided more con-
vincing evidence that the auditory system is functional to some extent by the sixth month
of fetal life. Using ultrasound images to monitor fetal response to a vibroacoustic noise
source, occasional blink-startle reactions were observed beginning around 25 weeks 
gestational age, and by 28 weeks these responses occurred consistently (Birnholz & 
Benacerraf, 1983). Other studies have shown reliable changes in fetal heart rate in
response to sound beginning around the seventh month of gestation (e.g., Kisilevsky,
Muir, & Low, 1992). As shown in Figure 2.2, fetuses from 23 to 28 weeks gestational
age were unresponsive to acoustic stimuli, but by 32 weeks they responded consistently
with an increase in heart rate (HR). By the end of pregnancy, fetuses are also able to 
discriminate between sounds coming from the external environment, responding with a
change in heart rate when one low-pitched piano note is switched to another (Lecanuet,
Graniere-Deferre, Jacquet, & DeCasper, 2000). Further evidence for the prenatal onset
of auditory function comes from electrophysiological research with premature infants,
showing that preterms born 30–35 weeks after conception are able to discriminate among
vowel sounds which they hear postnatally (Cheour-Luhtanen et al., 1996).

If the fetus responds to sound several months before birth and attends to qualitative 
differences among sounds by the end of the prenatal period, what kinds of natural 
sounds are transmitted in the uterine environment? The stimuli used in research on fetal
hearing have typically been high-intensity noises applied directly to the mother’s abdomen.
Are more natural sounds such as voices also perceptible within the uterus? Intrauterine
recordings reveal that the prenatal environment is rich with both internal noise and exter-
nally generated sounds. The level of ambient noise from the mother’s heartbeat, digestion,
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and other physiological processes is around 85dB SPL (Walker, Grimwade, & Wood,
1971), which means that less intense sounds from the external environment would be
masked by the intrauterine background noise. Although the higher frequencies in sounds
coming from outside the uterus are reduced in intensity, frequencies below 1000Hz are
transmitted with minimal attenuation (Armitage, Baldwin, & Vince, 1980). One study
investigated the degree to which male and female voices and the mother’s own voice are
attenuated as they pass into the uterus (Richards, Frentzen, Gerhardt, McCann, &
Abrams, 1992). Intrauterine sound levels of the mother’s voice were enhanced by about 
5dB, while other voices were somewhat attenuated. Consistent with earlier findings, the
higher frequencies in these voices were attenuated much more than the lower fundamen-
tal frequency. Thus the pitch and intonation of the voice, which are associated with the
fundamental frequency, are potentially audible to the fetus. However, the acoustic infor-
mation identifying many consonants and vowels, which is conveyed by frequencies higher
than 1000Hz, is relatively less intense within the uterus. Because speech intonation pat-
terns are characteristic of particular languages and are also informative about the identity
and emotional state of the speaker, prenatal auditory experience potentially gives the fetus
access to linguistic and affective dimensions of human vocalizations.
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Figure 2.2 Mean fetal heart rate (FHR) change (in beats per minute – BPM) in response to a
vibroacoustic stimulus applied to mother’s abdomen. FHR change is shown as a function of time
from onset of stimulus at 0 sec for fetuses in four age groups between 23 and 36 weeks post-
conception. Control responding represents mean FHR change during a no-stimulus control trial
averaged across all gestational ages (adapted from Kisilevsky et al., 1992).



Summary

Acoustic stimuli consisting of pressure variations in the air come from many sources and
from all directions, converging simultaneously in the outer ear. Following an elaborate
path through the middle and inner ear, this complex pattern of vibrations is translated
into electrical energy in the auditory pathways of the brain. The anatomical structures
and physiological processes essential for hearing begin to function in a rudimentary way
during the prenatal period. By the sixth month of gestation, the fetus responds to loud
sounds from the extrauterine environment, and by the ninth month discriminates among
sounds differing in frequency. (See also chapter 18 for an account of auditory develop-
ment in utero.) Because frequencies in the range of speech intonation are transmitted to
the intrauterine environment, evidence for fetal sensitivity to sound has implications for
understanding the role of prenatal exposure to human voices in early social and linguis-
tic development.

Methods for Assessing Auditory Function in Infants

A review of research on auditory development in the 1954 edition of Carmichael’s
Manual of Child Psychology concluded that “there is no indubitable evidence that infants
possess either differential responses to varying frequencies of vibration or the possi-
bility of acquiring them during the neonatal period” (Pratt, 1954, p. 235). The contrast
between this earlier view of the infant and the musically minded fetus described in 
recent research (Lecanuet et al., 2000) reflects a dramatic change. If the sensitivity of
infants hasn’t changed in the intervening years, the sensitivity of scientific methods used
to study them certainly has. Studying audition in infants presents challenges not encoun-
tered when testing adults. Adults can follow instructions in experimental tasks, use 
language to convey their judgments, and remain attentive and motivated to give their
best performance. Infants, in contrast, can neither follow verbal instructions nor give 
a verbal response, and they fluctuate widely in attention and motivation. Working within
these limitations, developmental researchers have devised several effective methods 
for eliciting consistent responses from infants which can be used to make plausible 
inferences about infants’ inner states. The most widely used methods are based on four
general classes of response measures which give insight into some aspects of early audi-
tory function: (1) spontaneous motor and psychophysiological responses; (2) electro-
physiological responses; (3) operantly conditioned behavioral responses; and (4) eye
movement responses.

Spontaneous Motor and Psychophysiological Responses

Although seeing requires moving the eyes toward a visual stimulus, there is no particular
motor behavior essential for hearing. However, infants as well as adults tend to move
spontaneously when hearing loud and unexpected sounds, which elicit blinks and 
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startles even in the fetus (Birnholz & Benacerraf, 1983). Because such reactions are 
elicited by high-intensity sounds, this type of measure is not effective in detecting 
infants’ sensitivity to softer sounds closer to the threshold of hearing. Thus gross 
motor responses have been used to determine whether the auditory system is functional
at all, but not to assess responsiveness to different frequencies. Another spontaneous
motor reaction to sound is the tendency to orient in the direction of an interesting 
sound. Spontaneous headturns toward suprathreshold sounds presented from the 
side have served as a useful measure of auditory localization abilities in newborns 
(e.g., Morrongiello, Fenwick, Hillier, & Chance, 1994), although without reinforce-
ment this response can be unreliable (see Gravel, 1989). Changes in heart rate also 
occur naturally in response to both auditory and visual stimuli and were used exten-
sively in studies of infant auditory function in the 1960s and 1970s (e.g., Bartoshuk,
1964; Moffitt, 1973). However, procedures using cardiac and other psychophysiological
responses to sound are impractical in many ways (see Aslin et al., 1983) and they 
have been superseded by more effective neuropsychological and operant conditioning
methods.

Electrophysiological Responses

Measures of neural responses to acoustic stimuli are now used widely with infants both
in clinical tests of auditory function and in basic research on early perception of 
speech (e.g., Dehaene-Lambertz & Dehaene, 1994; Mills, Coffey-Corina, & Neville,
1997). Evoked response potentials (ERP) are obtained by attaching gross electrodes 
to the scalp or using a multichannel geodesic electrode net worn as a cap by the infant.
Electrical activity across various regions of the brain is recorded in response to 
repeated time-locked stimuli. The resulting waveform, which represents an average 
across multiple stimulus repetitions, has several characteristic negative and positive 
peaks in amplitude which occur within 300msec of stimulus onset. In infants as well as
adults, the pattern and magnitude of these peaks are systematically related to particular
aspects of the auditory signal, and reflect neural activity in particular loci in the auditory
pathways. With development, the complexity of the waveform increases, new com-
ponents occur, and ERP latencies become progressively shorter (see Thomas & Crow,
1994). These changes are thought to result from maturation of the auditory system at
several levels, including increased efficiency in neural conductivity due to myelination in
the brainstem and auditory nerve, and an increase in synaptic density in the auditory
cortex.

The very early components in the first 10msec of the ERP waveform are cor-
related with neural activity in subcortical regions of the auditory system (Hecox & 
Galambos, 1974). This short latency waveform, known as the auditory brainstem
response (ABR), is now used extensively in screening newborns for hearing deficits (e.g.,
Sininger et al., 2000). Another ERP component which is proving to be extremely 
valuable in recent research on auditory development is the mismatched negativity
(MMN) response. The MMN is elicited by any discriminable change in some repeti-
tive aspect of auditory stimulation. That is, the MMN cannot be elicited by a single 
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sound on its own or by repetitions of identical sounds, but only by an acoustically
“deviant” stimulus which occurs in a sequence of homogeneous repeated “standard”
stimuli. For example, within a stream of standard tones all at the same frequency, a 
tone of a different frequency presented occasionally would constitute the deviant 
stimulus. If the listener detects the difference between the deviant and standard 
tones, the MMN component will be evident in the ERP recording. Because the MMN
is elicited by a stimulus change, it is considered to be the outcome of a comparison 
process involving memory traces in the auditory cortex, and may also reflect frontal 
lobe activity associated with shifts in attention to novel sounds (Cheour, Leppanen, &
Kraus, 2000). Over the past decade, this method has been used to study an impressive
range of questions related to auditory perception in infants, children, and adults (see
Naatanen & Escera, 2000). The MMN response has great potential for furthering under-
standing of how young infants process complex auditory stimuli because it provides a
reliable measure of central auditory processing which is unaffected by fluctuations in
infant attention.

Conditioned Behavioral Responses

The most diverse and widely used class of procedures for investigating early auditory 
perception consists of methods in which infants are presented with sounds from two 
categories which differ in some interesting way, and then are rewarded for a learned behav-
ior associated with attention to the sounds. The three major subgroups of methods involv-
ing operant conditioning are habituation procedures, auditory preference procedures, and
visually reinforced headturn procedures.

Habituation procedures are used to test infants’ ability to discriminate between sounds
from two categories. In a typical habituation experiment, sound presentation is made 
contingent upon a particular behavior; e.g., auditory stimuli are played only when 
the infant sucks at high intensity or looks continuously at a visual target. As long as 
the infant continues to perform the behavior, stimuli from category A are repeatedly 
presented. Habituation occurs as the infant eventually tires of hearing sounds from 
category A and performs the required behavior less frequently. When the rate of 
sucking or looking drops below a criterion level, the stimulus is switched to a sound 
from category B. If the infant detects the change from A to B, the expectation is 
that the rate of sucking or looking will increase because the infant is motivated to 
hear the new sound. If the infant cannot discriminate A from B, dishabituation 
should not occur and the low rate of sucking or looking remains the same. In these 
procedures the sound stimuli serve as conjugate reinforcers. That is, the auditory 
stimulus itself becomes the reward when a spontaneous behavior such as sucking 
or looking (which is naturally associated with heightened attention) is brought 
under stimulus control by making sound presentation contingent on the behavior. 
The habituation procedures which have been most widely used in studies of infant 
speech perception are the high-amplitude-sucking (HAS) procedure (see Jusczyk, 
1985) and variations of the visual fixation procedure originally developed by Boyd 
(1975).
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In auditory preference procedures, the presentation of sounds from two categories is
also contingent on a learned behavior such as sustained looking at a central or lateral
target near the speaker from which the sound is played (see Kemler Nelson et al., 1995;
Pinto, Fernald, McRoberts, & Cole, 1998). And as in habituation procedures, the sound
stimuli serve as conjugate reinforcers. When the infant looks away from the target, the
sound is stopped. However, in habituation studies there is typically only one switch from
category A to category B, while in preference studies sounds from both categories are
repeatedly interspersed over 15 to 30 trials. Habituation to both A and B sounds occurs
over the course of the experiment but is not a factor influencing the outcome. Looking/
listening times are averaged for each trial type, and the mean looking/listening times for
category A and B sounds are compared across subjects. In a variant of this procedure,
infants are familiarized with sounds from one category before testing, to determine
whether familiarization influences the subsequent listening preference (Jusczyk & Aslin,
1995). In some cases infants listen longer to familiar stimuli and in other cases prefer
novel stimuli, depending on several factors such as age and length of exposure to sounds
from each category. Preferential listening procedures provide a powerful and flexible
method for exploring the early perception of linguistic structure in speech (see Jusczyk,
1997), as well as perception of music (Krumhansl & Jusczyk, 1990) and vocal affect (see
Fernald, 1993), and have been used effectively with infants ranging in age from the
newborn period to the end of the second year.

The third class of operant technique used to study auditory development are visually
reinforced conditioned headturn procedures, in which infants learn to make headturns
in response to sound and are rewarded for correct performance by an external reinforcer
such as a moving toy display (Moore & Wilson, 1978). In one version referred to as visual
reinforcement audiometry (VRA), infants learn to turn their head toward the reinforcer
when they hear an acoustic stimulus over headphones. The initial training stimuli might
be suprathreshold pure tones easily detected by a child with normal hearing. Then during
testing, stimuli are gradually decreased in intensity until they are imperceptible, at which
point the child is no longer able to make headturns at the appropriate time. The VRA
method has become an invaluable clinical tool for measuring auditory thresholds in
infants as young as 5 months of age. A variant of this procedure known as the observer-
based psychoacoustic procedure (OPP; Olsho, Koch, Halpin, & Carter, 1987) can be
used with younger infants too immature to learn to make conditioned headturns reliably.
In studies using OPP, the infant hears a signal over headphones on some trials and not
on others. The observer, who is blind to stimulus type, watches the infant’s behavior and
judges whether a signal or no-signal trial has occurred. The only information available to
the observer is the initially spontaneous reaction of the infant to the sound stimulus,
which sometimes includes a headturn but more often consists of occasional eye widen-
ing and behavioral inhibition. Whenever the observer correctly identifies a signal trial
based on these subtle changes in the infant’s behavior, the infant is reinforced by activa-
tion of the toy; thus the infant is rewarded for responding behaviorally in some fashion
when hearing a sound. Although many infants cannot be trained to respond differentially
in this way, the OPP has been used to gather data on auditory thresholds in infants as
young as 3 months (e.g., Olsho, Koch, Carter, Halpin, & Spetner, 1988). A third version
of the conditioned headturn technique (CHT) is used in research on speech perception
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(see Kuhl, 1985). The infant listens to a train of background stimuli such as the vowel
/a/ repeated over and over. When the background vowel /a/ switches to a different vowel
such as /i/, the infant is trained to make a headturn toward the reinforcer, which is acti-
vated as a reward. Thus the child’s ability to discriminate /a/ from /i/ is revealed through
a pattern of correct headturns. As in the VRA and OPP versions of this procedure, “catch
trials” are also included to control for random headturns and false alarms. Unlike 
habituation and preference procedures, which only yield group comparisons about
average responses to sounds in different categories, these conditioning techniques can
provide detailed data about each individual subject and thus are used extensively in 
clinical applications.

Eye Movement Responses

When infants in the second year begin to understand word meanings, they will look
quickly at an object as they hear it named with a familiar word. This rapid and reliable
response to spoken words is used increasingly in studies of early comprehension. In the
auditory-visual matching procedure originally developed by Golinkoff, Hirsh-Pasek,
Cauley, & Gordon (1987), infants look at pairs of colorful pictures of objects while lis-
tening to speech naming one of the objects. The question of interest is whether infants
look longer at the target picture after it has been named than at the equally interesting
distracter picture which is not named (see Hollich, Hirsh-Pasek, & Golinkoff, 2000).
Recent modifications of this procedure use frame-by-frame analyses of the infant’s eye
movements in response to the target word, yielding a precise record of the time course
of spoken word recognition (see Swingley, Pinto, & Fernald, 1998). Such analyses provide
detailed temporal information about age-related changes in the speed and accuracy of
infants’ response to familiar words (e.g., Fernald, Pinto, Swingley, Weinberg, &
McRoberts, 1998).

Summary

Measuring auditory responsiveness in infants is methodologically challenging for many
reasons. Over the past 30 years, developmental researchers have devised several effective
methods for testing infant hearing, procedures which rely either on involuntary physio-
logical and neuropsychological responses to sound, or on conditioning techniques which
motivate the infant to respond to sound with an observable behavior. Some of the new
methods described here have only recently become possible through technological devel-
opments, especially those measuring infants’ brain activity during auditory processing.
Others have resulted from intuitions about the minds of infants which were radical at
the time but now seem completely obvious, such as the fact that infants will repeat a
behavior over and over in order to hear a sound. These techniques have been used exten-
sively in basic research investigating the emergence of auditory capabilities, as well as in
clinical research evaluating auditory function in individual infants.
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Hearing in Infancy

The Early Development of Basic Auditory Capacities

The mature auditory system is extraordinarily sensitive, able to detect pressure changes
so small that they cause the eardrum to move less than the diameter of a hydrogen 
atom. In the most sensitive range of hearing, air pressure at the sensory threshold is only
10–15dB above the air pressure variation caused by the random movements of air 
molecules (Goldstein, 1999). However, the threshold for detecting a sound depends 
both on its frequency and its intensity. For example, a pure tone at 200Hz must have 
an intensity around 20dB SPL to be audible to a young adult with normal hearing,
although a 100Hz tone presented at the same sound pressure level cannot be heard.
Because adults are less sensitive at 100Hz than at 200Hz, more stimulus intensity is
required to detect the lower-frequency tone. Sensitivity is greatest to frequencies between
2000 and 4000Hz, with higher thresholds for frequencies below and above this range.
Most of the important acoustic stimuli in the infant’s natural environment are complex
sounds made up of many different frequencies at different intensities which are chang-
ing continually. However, partly in order to maximize experimental control, responses to
simpler sounds are used to characterize basic dimensions of auditory sensitivity such as
absolute thresholds and discrimination of sounds differing in frequency, intensity, and
duration.

The thresholds at which infants detect simple sounds such as pure tones have 
been measured using ABR (e.g., Hecox, 1975), VRA (e.g., Sinnott, Pisoni, & Aslin,
1983), and OPP procedures (e.g., Olsho et al., 1988). Although estimates of absolute
thresholds vary somewhat across studies due to methodological differences (see Aslin,
2001), three general conclusions can be drawn from this research: First, the audibility
curves for infants and adults are more or less parallel, as shown in Figure 2.3. Like 
adults, infants are also relatively more sensitive to frequencies between 2000 and 4000
Hz, a range which includes acoustic information especially important for identi-
fying speech sounds. Second, sound thresholds for young infants are higher than 
those for adults at all frequencies. Results from the OPP study by Olsho et al. (1988)
show that thresholds in 3-month-old infants are 15–30dB higher than in adults, 
although by 6 months the difference is only 10–20dB. Third, absolute thresholds con-
tinue to improve during the first two years. However, the extent and rate of improvement
over this period is still unclear. For reasons mentioned earlier, it cannot be assumed that
any measure of infant auditory sensitivity reflects optimal performance, given the many
differences involved in conducting hearing tests with infants and adults. Thus it is 
difficult to determine the extent to which developmental differences in audibility curves
are related to the maturation of peripheral or central auditory functions, and to what
extent they may also reflect attentional and motivational factors limiting performance
during testing.

Sounds in the environment often occur simultaneously, and one acoustic stimulus can
interfere with the perception of another. When sounds close to threshold are presented
in background noise, auditory sensitivity may be reduced through masking, in which case
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the intensity of the signal has to be increased by a certain amount in order to make the
signal audible. Because the particular frequency components and bandwidth of the noise
affect the listener’s ability to detect the signal, masking studies with infants provide
another source of information about sensitivity to different frequencies in the develop-
ing auditory system. If infants are more adversely affected by masking than adults, this
might indicate that infants are less able to resolve individual frequency components in a
complex auditory stimulus. Several studies have investigated the increase in infant thresh-
olds when sounds are presented in masking noise (e.g., Abdala & Folsom, 1995; Nozza
& Wilson, 1984). In this situation infants show elevated thresholds as compared to adults.
However, the level of signal intensity required by infants to hear the signal in noise is
proportional to their higher absolute thresholds. In other words, although infants are less
sensitive than adults overall, both infants and adults can detect a signal embedded in 
noise if it is intensified by the same relative amount. These findings suggest that the 
same mechanisms underlie masking in infants and adults when masker and signal occur
simultaneously in time, and also that frequency resolution approaches adult levels by 
6 months of age. In acoustical events such as speech and music, masking can also occur
when one sound follows another. Sequential masking effects have not yet been studied
extensively in infants, but a recent study by Werner (1999) suggests that forward masking,
which occurs when the masker precedes the signal, also approaches adult levels by 
6 months of age.

Being able to detect small changes in frequency, intensity, and duration is another
important aspect of auditory processing. Although these abilities are typically studied
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Figure 2.3 Mean thresholds for detecting pure-tone stimuli at different frequencies for 3-, 6-, and
12-month-old infants and for adults (adapted from Olsho et al., 1988).



using simple stimuli in which a single acoustic component is varied, in the natural envi-
ronment they are crucial for analyzing and interpreting complex sounds in which such
changes continually occur. For example, sensitivity to shifts in frequency, intensity, and
temporal structure from one syllable to the next is essential for discriminating English
words with different stress patterns. By 6 months of age, infants can detect an increment
or decrement in frequency of about 2 percent, an improvement over the 3 percent thresh-
old at 3 months but still higher than adult thresholds of 1 percent (Olsho, Koch, &
Halpin, 1987). The ability to detect changes in intensity also improves over the first year,
with a threshold shift from 6dB to 4dB between 6 and 12 months (Schneider, Bull, &
Trehub, 1988; Sinnott & Aslin, 1985). Intensity discrimination continues to improve
beyond infancy and in the preschool years is still approaching the adult threshold of 
1dB (Jensen & Neff, 1993).

Another aspect of basic auditory processing which is crucial for the perception of
complex sounds is the ability to distinguish among acoustic stimuli which are brief and
rapidly changing. For example, discriminating the syllables /ba/ and /pa/ requires detect-
ing a very brief initial timing difference, while discriminating /ba/ and /da/ requires
detecting rapid initial frequency changes; in both cases the critical acoustic differences are
in the range of tens of milliseconds. Temporal resolution in infants has been studied using
sequences of stimuli in which either the duration of the sounds or the duration of the
silent gap between sounds is varied. In both duration discrimination and gap detection
tasks, thresholds at 6 months are only about twice as long as adult thresholds (e.g., Trehub,
Schneider, & Henderson, 1995; Werner, Marean, Halpin, Spetner, & Gillenwater, 1992),
with continued improvement through early childhood. At 6 months, the ability to dis-
criminate rising and falling tones from continuous tones is also good, although thresh-
olds are higher for very rapid frequency sweeps (Aslin, 1989). It is increasingly clear that
these findings are relevant to the development of speech processing. Tallal and colleagues
have found that an inability to process rapidly changing acoustic stimuli underlies certain
language-learning impairments (see Tallal, Miller, & Fitch, 1993), and several recent 
studies show that this temporal processing deficit can be ameliorated by training. When
language-learning impaired children practiced discriminating rapidly sequenced acoustic
stimuli for several weeks, and listened to temporally modified speech in which the rates
of change in the consonants were synthetically extended, their performance on speech
discrimination and language comprehension tasks improved significantly (Merzenich et
al., 1996; Tallal et al., 1996).

Sound Localization by Infants

The ability to identify accurately where a sound is coming from is another dimension of
basic auditory competence. Spatial localization in the horizontal plane using auditory
information involves a binaural comparison of sound waves emanating from the same
source. Because the ears are located symmetrically on opposite sides of the head, a sound
coming from the midline reaches both ears at the same time; however, a sound coming
from one side arrives slightly sooner at the ipsilateral ear than at the contralateral ear.
Such interaural differences in the arrival time of a signal are systematically related both
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to the direction of the sound source and to the size of the head. For a human adult with
an average head size, the interaural timing difference is approximately 700 microsec for
a sound coming from a source located 90 degrees to one side. The corresponding inter-
aural time difference for an infant would be less because the head size is smaller. A 
standard measure of the degree of precision in localizing a sound source is the minimal
audible angle (MAA), which is the smallest shift in sound location a listener can reliably
detect. The MAA for adults is 1–2 degrees, which requires sensitivity to interaural timing
differences as brief as 10–20 microsec (see Yost & Gourevitch, 1987).

Early observers of auditory development reported that infants are unable to orient reli-
ably to sound until 3–4 months of age (Chrisman, 1892). However, when tested in pro-
cedures which accommodate their motoric and cognitive limitations, newborns readily
turn their heads toward off-center sounds (e.g., Muir & Field, 1979). The tendency to
make directional headturns, which is evident at birth, then declines over several weeks
before emerging again around the age of 4 months. Although neonates turn correctly to
the side of the sound source, they show only limited ability to localize sounds precisely
within the left and right hemifields (Morrongiello et al., 1994). By 4 months of age,
infants can discriminate a change of about 22 degrees in the location of a sound source,
and the MAA decreases steadily to around 9 degrees by 11 months. Thus there is sub-
stantial improvement in the spatial resolution of the auditory system over the first year
of life.

What developmental factors could account for the temporary decline in orientation
responses after the newborn period, followed by rapid improvement in the accuracy of
sound localization? One general hypothesis is that the U-shaped function in infants’ ten-
dency to turn toward sound stimuli reflects cortical maturation over the first few months
of life (Muir, Clifton, & Clarkson, 1989). According to this explanation, the crude ori-
entation responses of newborns to sound do not exploit timing information and are medi-
ated by subcortical brain structures functional at birth. In contrast, accurate localization
of sounds relies on the processing of interaural timing differences, a cortically mediated
ability which develops more slowly. A more specific and more readily testable hypothesis
is that infants’ competence in sound localization is constrained by limitations in the 
resolution of interaural timing differences. Infants may only gradually develop the sensi-
tivity of adults, whose ability to localize off-center sounds in the horizontal plane requires
resolution of timing differences ranging from 10 to 700 microsec. However, research by
Ashmead, Davis, Whalen, and Odom (1991) shows that interaural time discrimination
is not the limiting factor in the development of sound localization. When infants from
4 to 7 months were tested in a timing discrimination task that did not involve sound
localization, their thresholds were in the range of 50 to 75 microsec with no apparent age
differences. Although infants are less sensitive than adults, these thresholds are still much
better than would be predicted from the measurements of infants’ MAA at these ages in
a sound localization task. In other words, the ability to discriminate a 75 microsec inter-
aural timing difference could in principle enable infants to localize sounds much more
precisely than they actually do. Ashmead et al. point out that sound localization depends
not only on interaural time differences but also on intensity differences and other audi-
tory cues. Moreover, accurate localization of sound sources requires the precise calibra-
tion of directional correlates to specific cue values, which change as the head grows larger.
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Thus early development in the accuracy of sound localization reflects increasing integra-
tion across multiple auditory cues, as well as continual recalibration of the mapping
between directional correlates and interaural timing differences which change rapidly over
the first year of life.

Hearing Impairment in Infancy

These research findings on infants’ responsiveness to different spectral and temporal prop-
erties of acoustic stimuli, and on their use of auditory cues to localize sound sources, show
that the early development of hearing involves much more than changes in infants’ ability
to detect sound. However, the ability to detect sound cannot be taken for granted, and
a brief discussion of the causes and consequences of hearing impairment in infancy is 
relevant here (see also chapter 22 on sensory deficits). Given the elaborate pathway from
airborne vibrations in the outer ear to neural activation in the auditory cortex, the 
experience of hearing can be disrupted by problems at any stage of the process. Causes
of hearing impairment are grouped in three general categories, related to the level of the
auditory system affected. First, conductive hearing losses result from problems in the outer
or middle ear which interfere with the transmission of sound vibrations to the receptors
in the inner ear. For example, if there is blockage in the ear canal, an injury to the eardrum
or the ossicles, or infection in the middle ear, acoustic signals will not be conducted prop-
erly and amplified sufficiently to reach the cochlea. Second, sensorineural hearing losses
result from damage to the hair cells in the inner ear. When the auditory receptors in the
cochlea are impaired, they fail to generate the electrical signals necessary to stimulate the
auditory nerve. Third, central hearing losses result from problems in neural transmission
in the brainstem or auditory cortex.

Deafness is among the most common disabilities present at birth; approximately one
of every 1000 infants is born with severe hearing impairment. Many more are born with
less severe hearing loss, and others develop hearing impairment during infancy or early
childhood. Because reduced auditory sensitivity in the early years of life can interfere with
normal development in many domains, it is important that the condition be identified
as soon as possible. However, the average age at which hearing impairment is identified
in US children is 3 years, by which time the child who is not learning a sign language
has already been substantially deprived of linguistic, cognitive, and social stimulation
during a crucial period of development. Early identification enables intervention which
can take advantage of the plasticity of the developing brain and enhance the child’s ability
to adapt to life either in the hearing or the deaf community.

In 1993, the National Institutes of Health (NIH) issued a consensus report address-
ing critical questions related to the early identification of hearing impairment in infants
and young children. This report considered the costs and benefits of screening, the issue
of which infants should be tested and when, and the relative advantages of current screen-
ing methods (NIH, 1993). Over the past 30 years, numerous techniques have been
explored for screening infant hearing at birth, with auditory brainstem response (ABR)
audiometry emerging as the method of choice. However, a new method based on the
measurement of evoked otoacoustic emissions (OAE) has recently proved to be reliable,
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as well as faster, less expensive, and easier to use. Otoacoustic emissions are sounds pro-
duced in response to acoustic stimulation in individuals with functional auditory systems,
as a by-product of the activity of the outer hair cells in the cochlea. OAEs are measured
by presenting a series of clicks to the ear thorough a probe inserted in the ear canal. The
probe contains a loudspeaker to generate the clicks as well as a microphone to measure
the resulting OAEs, which are produced in the cochlea and then reflected back through
the middle ear into the outer ear canal. Because OAEs are not evoked if there is damage
to the hair cells, this assessment method provides information about cochlear activity but
not about brainstem activity. The NIH report recommended a two-stage screening
process, in which all infants (not just those in a high-risk category) are routinely assessed
for auditory function at birth using OAE audiometry, with further ABR screening for
those who fail the OAE test.

To investigate the correlation among these neonatal measures and their predictive
validity in relation to behavioral measures of hearing ability later in infancy, a longitudi-
nal study was conducted in which almost 5000 infants were assessed with both OAE and
ABR in the newborn period, and were then tested again using visually reinforced audio-
metry (VRA) between 8 and 12 months (see Norton et al., 2000). The results of this
complex study document the advantages of both OAE and ABR as early assessment
methods and reinforce the importance of universal screening of newborns for hearing
impairment. Research on long-term developmental outcomes in relation to age of diag-
nosis shows that children whose hearing losses are identified by 6 months of age make
significantly greater progress in language acquisition than children with equivalent degrees
of hearing loss identified after 6 months of age (Yoshinaga-Itano, Secdey, Coulter, &
Mehl, 1998).

Children born with normal auditory function may develop severe and permanent
hearing loss later in infancy or early childhood following diseases such as meningitis and
cytomegalovirus infection. Much more common are the temporary periods of mild
hearing impairment associated with middle ear infections which cause the eustachian
tubes to fill with fluid, a condition known as otitis media. Typically, 75 percent of chil-
dren experience at least one episode of otitis media by their third birthday, and almost
half have multiple episodes in the first three years. Following a bout of otitis media with
effusion (OME), fluid may remain trapped in the middle ear for a period of several
months, interfering to some degree with the transmission of sound to the cochlea. Gravel
and Wallace (2000) found that children who had repeatedly experienced bilateral OME
during their first three years had significantly poorer hearing than children with no history
of OME. The difference was not extreme, however, with average thresholds for the OME
children elevated by 5–10dB relative to the control group. Because of clinical concern
that recurrent hearing loss, however mild, could interfere with the normal development
of auditory function and language development, numerous studies have investigated the
short- and long-term effects of OME (see Roberts, Wallace, & Henderson, 1997). Short-
term effects in infancy include poorer performance in localizing sounds (Morrongiello,
1989) and discriminating consonants (Clarkson, Eimas, & Cameron-Marean, 1989).
However, it has been a matter of debate whether these negative effects of OME have a
long-term cumulative impact on the development of language and communication skills.
Some researchers have claimed that children experiencing prolonged periods of OME
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have lower scores on standardized language tests at age 3 (e.g., Teele, Klein, & Rosner,
1984), although more recent studies which control for other relevant environmental
factors have found only weak and inconsistent long-term effects (e.g., Paradise et al.,
2000; Roberts et al., 2000).

Although mild and intermittent hearing impairment may have minimal negative
effects on language development, children born severely deaf or who become deaf before
the age of 3 fall significantly behind their normal-hearing peers in mastering a spoken
language (e.g., Levitt, McGarr, & Geffner, 1987; Moeller, Osberger, & Eccarius, 1986).
The question of how children with severe hearing impairment should be raised and 
educated arouses deep philosophical differences between those who believe deaf children
should attempt to learn a spoken language and be integrated into a hearing society, and
those who believe they should learn a signed language and be integrated into a Deaf com-
munity (where use of a capital letter refers to the Deaf World culture rather than to
hearing impairment – see Lane, 1992). With the recent development of cochlear implants
for infants and children, this debate has become more intense. While hearing aids func-
tion by amplifying sound, cochlear implants are designed to bypass the hair cells, com-
pensating for inner ear damage by directly stimulating the auditory nerve to produce a
perception of hearing. The device has five basic components (see Figure 2.4): The micro-
phone (1) worn behind the ear receives speech sounds, sending them as electrical signals
to the speech processor (2), which shapes the signals to emphasize acoustic information
necessary for perception of speech. These signals, now split into frequency bands, are sent
from the processor to the transmitter (3) behind the ear, which transmits the coded signals
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Figure 2.4 Cochlear implant device consisting of: (1) microphone; (2) speech processor; 
(3) transmitter; (4) receiver; (5) electrodes implanted inside the cochlea (adapted from Goldstein, 
1999).



through the skin to the receiver (4). The receiver, surgically mounted on the mastoid bone
beneath the skin, converts the code into signals which are sent to electrodes (5) implanted
inside the cochlea.

Although hearing through an implant is a very different experience from normal
hearing, this technology has been effective in enabling recovery of speech perception by
individuals who become deaf through disease or injury in adulthood and who can use
information from the implant in conjunction with their knowledge of spoken language.
However, it has been a controversial question whether cochlear implants are an effective
intervention with children who become deaf prelingually. Several studies demonstrate that
performance of profoundly deaf children on various speech recognition tasks is better for
those who received an implant before the age of 5 than for those implanted at a later age
(e.g., Fryauf-Bertschy, Tyler, Kelsay, Gantz, & Woodworth, 1997; Waltzman & Cohen,
1998). However, opponents argue that implanting a prelingually deafened child prevents
the child from becoming integrated into the Deaf culture, without providing enough
hearing to enable the child to function successfully in hearing society. Advocates of pedi-
atric intervention argue that the technology of cochlear implants is rapidly improving and
that profoundly deaf children who receive implants early in life are able to learn a spoken
language more effectively than deaf children without implants. A recent study by Svirsky
et al. (2000) concluded that the mean rate of oral language development in deaf children
after implantation was close to that of children with normal hearing. These findings do
not address the ethical concerns of those who argue for teaching signed languages and
integrating children with profound hearing loss into the Deaf culture, but they do suggest
that cochlear implants are becoming more effective as a means of restoring some forms
of auditory function to congenitally deaf children.

Summary

In normal-hearing infants, absolute thresholds as well as sensitivity to fundamental 
properties of sound such as frequency, intensity, and temporal structure are close to adult
thresholds by the age of 6 months. The ability to localize sound sources also improves sub-
stantially over the first year. Because the technology for assessing auditory function in new-
borns is now reliable, practical, and cost-effective, universal screening is recommended to
identify potential hearing impairment at birth. For children who become deaf prelingually,
cochlear implants provide an increasingly effective intervention for restoring some access
to auditory stimuli. However, there is continued scientific and philosophical debate about
the developmental consequences of early implantation and the advantages and disadvan-
tages for profoundly deaf children of learning first a signed or an oral language.

Listening and Understanding in Infancy

Infants’ competencies in hearing and discriminating distinct dimensions of acoustic
stimuli and localizing sources of sound are put to use in the service of listening. In dis-
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tinguishing listening from hearing, the intent is to emphasize that listening is a dynamic
process in several respects. First, listening involves comparing and integrating multiple
sources of auditory information simultaneously to identify, monitor, and gain knowledge
about events in the world. Second, listening involves hearing in a particular context, where
many different kinds of factors influence how auditory information is perceived and 
interpreted. Such factors range, for example, from the immediate emotional state of the
listener to the widespread cultural norms for vocal expression which can also influence
perception, and include both short-term experience in a particular social and linguistic
context as well as long-term experience hearing and speaking a particular language. Lis-
tening is also dynamic in the sense that enduring strategies for organizing and interpret-
ing auditory information emerge through learning guided by inborn perceptual biases.

Listening to Voices

The sound of a human voice reveals many kinds of information. After hearing a voice
for only a few seconds, listeners make immediate and automatic judgments about 
whether the speaker is familiar or unfamiliar, female or male, old or young. Listening
briefly to a voice may also trigger irresistible impressions that the speaker is angry or
joyful, tired or energetic, healthy or ill. Even when the linguistic message cannot be under-
stood, listening to the voice leads to rapid appraisal of numerous characteristics of the
speaker which are socially relevant. When adults make judgments about identity, gender,
age, and emotional state based on voice quality and prosody, their attributions are influ-
enced by long experience in associating acoustic features of vocalizations with informa-
tion from other sources of knowledge. However, research with infants shows that even
listeners with minimal experience encode characteristics of vocal signals along multiple
dimensions.

In a classic experiment, DeCasper and Fifer (1980) asked whether newborn infants
show signs of recognizing their mother’s voice. Infants only a few hours old were given
the choice of listening to recorded samples of their own mother’s voice or the voice of
another woman. When tested in a conditioning procedure where they learned to adjust
their sucking response in different ways to produce the different voices, newborns chose
more often to listen to the recording of their own mother. These results indicated that
they could discriminate a familiar from an unfamiliar voice, and also that the mother’s
voice was more effective as a reinforcer. Since the newborns had had almost no post-
natal experience hearing the mother speak, and no opportunity to associate her voice with
pleasurable experiences such as nursing or soothing, it appeared that the listening pref-
erence for the familiar voice was based on prenatal experience. This interpretation is quite
plausible, given that at least the lower frequencies of the mother’s voice are transmitted
in utero, as described earlier. The father’s voice, however, is less available to the fetus during
the prenatal period, because he is not always present, and also because the intensity of
his voice is attenuated compared to the mother’s voice. In a subsequent study, DeCasper
and colleagues found that newborns showed no listening preference for the father’s voice.

Do these findings demonstrate that newborns can recognize the mother through her
voice? Certainly not in the sense that an adult can recognize a voice on the phone and
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identify the speaker, nor even in the sense that a 6-month-old hearing the mother’s voice
shows recognition by smiling and turning in anticipation of her appearance. In both of
these examples, recognition implies that the voice is part of a complex and multidimen-
sional schema based on experience with and knowledge about the individual. For the
newborn, in contrast, the mother’s voice is an acoustic stimulus which is familiar in some
respects but is not yet associated with any other aspects of her identity in postnatal 
experience. But even if this study demonstrated recognition in only a limited sense, the
DeCasper and Fifer (1980) findings were exciting because they were the first to show that
prenatal auditory experience could influence the listening preferences of the infant after
birth. Moreover, these results indicated that the fetus had some kind of abstract memory
for the constellation of features that distinguished the mother’s voice from other similar
voices. Because the fetus had presumably never heard the mother speak exactly the same
words used in the experiment and because her voice in utero was strongly filtered, the
recording the newborn listened to after birth was acoustically very different from any-
thing heard previously in the womb. Nevertheless, something about the recorded voice
was familiar and rewarding to listen to, suggesting that what the fetus had stored in
memory were general characteristics of the mother’s voice rather than an exact copy of
the acoustic stimulus experienced prenatally.

The ability of the adult listener to identify multiple characteristics of the speaker in
an instant is only possible by extracting features of the vocal signal along multiple dimen-
sions at the same time, simultaneously processing acoustic information relevant to gender,
age, mood, and other attributes. Although the competence of the newborn may seem
limited in comparison, the fetus is also able to analyze speech along various dimensions,
not only encoding auditory information which identifies the mother as an individual but
also attending to acoustic patterns related to linguistic structure. For example, newborns
can discriminate between two verses spoken in the same voice, one a verse read aloud by
the mother several times toward the end of pregnancy and the other a similar verse never
heard before by the fetus (DeCasper & Spence, 1986). Given this choice, newborns pre-
ferred to listen to the passage which they had heard while in utero. Since the mother was
the speaker in both cases, the two verses could not be distinguished on the basis of acoustic
characteristics unique to her voice, but only on the basis of rhythmic and other prosodic
differences peculiar to each. Newborns can also distinguish one language from another,
preferring to listen to the language they have been hearing prenatally (Mehler et al., 1988;
Moon, Cooper, & Fifer, 1993). Although there is no evidence that such early listening
preferences have lasting consequences, these findings reveal that infants pay attention to
voices even before birth, and that as newborns they are already capable of extracting infor-
mation from voices along multiple dimensions which will be socially and linguistically
relevant in postnatal life.

After birth, the infant begins to experience voices as part of a life now rich in many
forms of social stimulation. In many cultures and across quite different languages, the
speech addressed to infants is more lively and musical than the speech typical of adult
conversation. Infant-directed (ID) speech is typically higher in pitch with more exag-
gerated intonation contours than adult-directed (AD) speech (Fernald et al., 1989). This
special speech form becomes associated with playful interaction, comforting, feeding, and
many other pleasurable aspects of parent–infant interaction. In preferential listening
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experiments, infants show more interest in listening to ID speech than to AD speech
(Cooper & Aslin, 1990; Fernald, 1985). They also respond with more positive emotion
to ID speech (Fernald, 1993; Werker & McLeod, 1990). ID speech is engaging to infants
for many reasons – because of its dynamic acoustic properties, because of its associations
with other forms of stimulation in social interactions, and because of its effectiveness in
conveying and eliciting emotion (Fernald, 1992). Moreover, although parents do not 
typically view interactions with the infant as language lessons, there are many features 
of ID speech that may help the inexperienced listener to identify linguistic units in con-
tinuous speech (Fernald, 2000).

Listening to Speech

From the very beginning infants find voices especially interesting, although it will be
months before they listen for linguistic meaning in the sounds of speech. But long before
they can appreciate speech as language, infants are attentive to regularities in the patterns
of sound created by people talking. Even the fetus takes advantage of limited prenatal
access to language, learning something about the prosodic regularities of the language
spoken outside the womb through the muffled voices transmitted inside the womb
(Mehler et al., 1988; Moon et al., 1993). After birth, the fine structure of speech can be
heard more clearly, and already in the first months of postnatal life the infant’s percep-
tion of spoken language is organized in ways that provide a foundation for eventual 
understanding.

One perceptual challenge facing the infant is how to partition the stream of speech
into the critical units of language. To fluent language users speech sounds such as /ba/
and /pa/ seem clearly distinct, so it is difficult to appreciate how formidable this task
could be. In fact, the consonants in these two syllables are acoustically very similar to
each other. Moreover, they vary acoustically when they appear with different vowels or
in different positions in a word and when spoken by different people. These are some of
the reasons why computer scientists have found it difficult to develop reliable automatic
speech recognition routines successful in identifying a /b/ as a /b/ across different speak-
ers and different contexts. Infants, however, have no problem in this situation. Eimas et
al. (1971) used the HAS procedure to show that even very young infants could distin-
guish /ba/ from /pa/, although they did not distinguish variations of /ba/ which were also
acoustically different yet were members of the same phonetic category. Many other studies
have also shown that young infants are able to discriminate phonetic units before they
have much listening experience (see Jusczyk, 1997). Infants can also appreciate the fact
that vowel tokens which are acoustically dissimilar may still be equivalent in terms of
their phonetic identity. Using the CHT procedure, Kuhl (1979) found that 5-month-old
infants readily discriminated /a/ from /i/ spoken with the same intonation by the same
female speaker. However, they grouped together several different tokens of /a/ which were
acoustically variable, spoken by male and female speakers using both rising and falling
pitch contours. Of course, in other situations the difference between male and female
voices and rising and falling intonation contours may be socially very relevant, and infants
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are certainly able to make these distinctions. What these findings show is that infants are
capable of attending to the acoustic variability relevant to the phonetic identity of speech
sounds while ignoring acoustic variability which is linguistically irrelevant.

Although infants are clearly born with perceptual abilities and biases that equip them
for organizing speech sounds into linguistically relevant categories, these perceptual
grouping strategies are neither unique to humans nor unique to speech sounds. 
Other primates organize human speech sounds categorically, and some other kinds of
acoustic stimuli are perceived in a similar fashion (see Kuhl, 2000). What is presumably
unique to humans is the perceptual learning that occurs over the first few months of 
life as a result of hearing a particular language. Adults often find it difficult or even 
impossible to distinguish certain speech sounds in an unfamiliar language. For example,
the consonants /Ta/ and /ta/ are easily discriminated by native speakers of Hindi, but 
to monolingual English-speaking adults they sound like indistinguishable tokens from
the English category /t/. However, 6-month-old infants raised in English-speaking 
families can effortlessly discriminate the Hindi contrast /Ta/-/ta/ (Werker & Tees, 1984).
Research on the perception of speech sounds shows that adults have become specialists,
attentive to phonetic distinctions relevant in the languages they have learned but less acute
in making other distinctions; however, infants begin life with the potential to make a
wide range of distinctions. When does this process of perceptual specialization begin?
Werker and Tees used the CHT procedure to test English-learning infants at three ages
between 6 and 12 months, to investigate whether they retained their ability to dis-
criminate non-native speech contrasts across the first year. Infants at each age listened
either to the Hindi consonants /Ta/-/ta/ or to consonants from the Nthlakampz language,
/k’i/-/q’i/, which are also very difficult for English-speaking adults to discriminate. 
Almost all of the infants at 6–8 months could discriminate both non-English contrasts,
although very few of the infants at 10–12 months were able to distinguish either pair 
(see Figure 2.5).

Further evidence for the influence of the ambient language on infants’ emerging pho-
netic categories comes from research by Kuhl et al. (1992), who showed that 6-month-
old infants hearing only Swedish or English already grouped vowels perceptually in
categories appropriate to the language they were learning. Recent studies measuring brain
activity in response to speech are generally consistent with the behavioral findings showing
increasing specialization for familiar speech sounds over the first year. At 6 months of age,
infants show a mismatched negativity (MMN) response to changes in both native and
non-native speech contrasts, but by 12 months the MMN response is elicited only by
changes in speech sounds native to the language the child has been hearing (Cheour-
Luhtanen, 1995). These results indicate that auditory experience over the first year results
in neural commitment to a particular perceptual organization of speech sounds appro-
priate to the ambient language.

This process of specialization in speech perception over the first year of life is some-
times loosely compared to the “critical period” effects found in research on visual devel-
opment in animals, in which selective rearing conditions early in life can result in
permanent loss of visual sensitivity (e.g., Hubel, Wiesel, & Levay, 1977). But it is impor-
tant to remember that early visual deprivation is an abnormal occurrence and that the
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resulting sensory deficits are often irreversible. The situation is quite different in speech
perception. An infant raised in a monolingual English-speaking family is indeed effec-
tively “deprived” of the opportunity to hear speech sounds unique to Hindi, and no longer
attends to Hindi speech contrasts after a year of hearing only English. However, while
this acquired perceptual bias may be reflected in patterns of selective responsiveness at
the cortical level, it does not indicate an irreversible neural commitment at all compar-
able to the negative effects of visual deprivation on cortical organization; otherwise by
their first birthday infants would have lost the ability to distinguish speech sounds in any
language different from the one to which they were initially exposed. In fact, there is con-
siderable plasticity in the perceptual and cognitive systems underlying speech processing,
and a new language encountered at any age during childhood can typically be readily
learned. Although recent behavioral and neuropsychological studies of early speech pro-
cessing have produced intriguing results about the effects of early exposure to a particu-
lar language, there is still much to discover about the nature and limits of plasticity in
the development of auditory perception and language.
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Figure 2.5 Percentage of English-learning infants at three ages reaching criterion in test of dis-
crimination of Hindi and Nthlakampx (Salish) consonant contrasts. A small number of Hindi-
and Salish-learning infants were also tested at 11–12 months as a control (adapted from Werker
& Tees, 1984).



Finding the Words in Spoken Language

Although perceiving individual speech sounds and recognizing their perceptual equiva-
lence across extensive acoustic variation are essential for spoken language comprehension,
many other levels of organization in language must be appreciated as well. Understand-
ing speech also requires knowledge of rules governing phonology, morphology, syntax,
and semantics, as well as acquisition of word meanings. There is still much to be learned
about how children construct these multiple levels of representation in acquiring linguistic
competence. However, it is increasingly clear from developmental research that infants
are born with complex and sophisticated learning strategies which interact with inborn
biases for processing auditory information. For example, Saffran, Aslin, and Newport
(1996) found that 6-month-old infants could recognize recurrent patterns of syllables
after very brief exposure to an artificial language. The infants first listened to a mean-
ingless string of speech sounds with monotone intonation and no breaks between 
syllables, e.g., ba wo ti go su ba wo su go ti. . . . Note that in this short example, ba is 
consistently followed by wo, while wo is followed by ti at one point in the sequence and
by su at another. After a few minutes of familiarization with the string of syllables, the
infants were then given the choice of listening either to familiar “words” such as bawo,
consisting of familiar syllables in a familiar order, or to novel “words” such as bati, con-
sisting of familiar syllables but in an unfamiliar order. In this situation, infants listened
significantly longer to the novel words, indicating that they had paid attention to the
repeated co-occurrence of particular syllables in what they heard previously. These find-
ings show that very young infants are sensitive to statistical probabilities in strings of
speech sounds. When listening to musical tones rather than syllables, infants performed
the same kind of distributional analysis, indicating that this information-processing strat-
egy is used for organizing auditory stimuli in general (Saffran et al., 1999). Although this
ability to recognize recurrent sound sequences is not specific to language processing, it
provides the infant with a powerful resource for identifying regular patterns in speech
which are related to linguistic structure.

When listening for meaning in spoken language, infants must be able to identify indi-
vidual words in the stream of speech. This too is a perceptual task more challenging 
than it may seem. Adults face the same segmentation problem when trying to find word
boundaries in a completely unfamiliar language, when at first it is quite difficult to know
what groups of sounds constitute words and where words begin and end. The finding
that 5-month-olds prefer to listen to their own name (Mandel, Jusczyk, & Pisoni, 1995)
shows that infants at this age already know something about word forms. However,
because they have often heard their name spoken on its own, not surrounded by other
words, the segmentation problem is less than it would be for words embedded in con-
tinuous speech. But by the age of 8 months, infants can also recognize words embedded
in the middle of sentences. Jusczyk and Aslin (1995) played recorded passages to infants
containing words like cup or bike in fluent speech, then later tested them in an auditory
preference procedure. Infants preferred to listen to the familiar words, indicating that they
had encoded these words even in a perceptually difficult context. This ability too is shaped
by the infant’s experience of listening to a particular language. For example, English-
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learning infants are used to hearing the strong-weak stress pattern typical of English nouns
(as in father and mountain) and they seem to use this stress pattern to guide their search
for the boundaries of unfamiliar words (see Jusczyk, 1997).

Although infants can recognize words as recurrent sound patterns by the age of 
8 months, they are not yet able to associate words with conventional meanings. By the
end of the first year, the experience of hearing these familiar sound patterns evokes asso-
ciations in the infant’s mind and words begin to serve a referential function. Compre-
hending words in fluent speech requires extremely rapid auditory and cognitive
processing. Adults must process up to 20 phonemes each second in order to follow a con-
versation (Cole, 1980), and they can identify a familiar word after hearing only a few
hundred milliseconds. Although infants in the second year may speak only a few words,
they begin to make rapid gains in the speed and efficiency of understanding. By mea-
suring gaze patterns as infants looked at pictures of objects and listened to words nam-
ing one of the objects, Fernald et al. (1998) found that 15-month-olds oriented to the
matching picture after the end of the spoken word. However, 24-month-olds responded
400msec more quickly, after hearing only the first part of the word (Swingley, Pinto, &
Fernald, 1999). Indeed, by the age of 18 months, infants can recognize familiar words
using only partial phonetic information, turning to the matching picture when they hear
only the first syllable of the word (Fernald, Swingley, & Pinto, in press). These findings
show that infants are becoming quick and efficient in processing spoken language even
at the earliest stages of building a lexicon.

Summary

While the auditory systems of humans and other animals share common mechanisms
and work in similar ways for functions such as frequency resolution and sound localiza-
tion, humans are unique in using auditory information for understanding language. Some
of the most surprising and theoretically provocative findings in the field of developmen-
tal psychology in recent years have emerged from research on how infants listen to voices.
Infants are born with inborn perceptual biases and with learning strategies that enable
them to detect regularities in patterns of speech sounds that will eventually give them
access to linguistic structure. Even in utero, the fetus is attentive to sound patterns that
will be crucial for learning to communicate in postnatal life. The experience of hearing
a language over the first year shapes the early organization of auditory experience, prepar-
ing the infant’s mind for language understanding.

Conclusions

Helen Keller reportedly remarked that being deaf was more difficult for her than being
blind, because although blindness isolated her from things, deafness isolated her 
from people (Goldstein, 1999). Hearing and vision are both important in human 
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communication, but sound plays a special role because of its intrinsic association with
movement. All sounds originate in movement, and the movements most crucial for us to
detect, to monitor, and to interpret originate in the actions of other living beings, most
notably the vocalizations of other people. For the hearing infant, the ability to detect 
and monitor sound is already active to some extent prenatally. After birth, the sounds 
of human voices move the infant emotionally and begin to convey fundamental 
information relevant to language. Infants are attentive to this information months before
the dawning of language comprehension, learning about the rhythms and segmental
structure of the sounds involved in speech. Music is another complex form of auditory
stimulation associated with human movement. Although this important domain of audi-
tory development was not covered in this brief overview, infants are also drawn to music
and adept at discerning aspects of musical structure (e.g., Trehub, Schellenberg, & Hill,
1997). Like speech, music originates in human gestures produced and perceived sequen-
tially over time.

Given the temporal structure of auditory stimulation, the ability to make sense of 
the complex streams of sounds in speech and music requires continuously “listening
ahead,” anticipating what will come next based on experience with what has come before.

Auditory Development in Infancy 63

Figure 2.6 Mean reaction time to initiate a shift in gaze from the distractor picture to the target
picture, measured from the beginning of the spoken target word, for 15-, 18-, and 24-month-old
infants. The graph is aligned with an amplitude waveform of one of the stimulus sentences (from
Fernald, Pinto, Swingley, Weinberg, & McRoberts, 1998, reprinted with permission from the
American Psychological Society).



Because speech consists of strings of sounds which are constantly changing, the listener
must be able to process multiple phonemes every second in ordinary conversation. 
Yet this acoustic variability is always constrained; the sounds to be monitored in any 
auditory event represent small subsets of possible sounds associated with particular 
sources (see Bregman, 1990). The listener must also appreciate these commonalities in
order to identify and follow speech by a particular speaker in a particular language, or
music on a particular instrument in a particular key. In the earliest months of life, infants
use innately guided listening strategies to recognize what is familiar and to appreciate
what is changing in the sound sequences they hear. From the voices speaking to them
and around them, they begin to discern the patterns of acoustic regularities associated
with linguistic structure on many levels. By the end of the first year, as the child learns
to interpret speech sounds as symbols in a language code, hearing and listening lead
increasingly to understanding. A vocal gesture moves the air, which moves the eardrum
of the young listener, and through these vibrations the child now has access to the 
meanings conveyed by language.

Further Reading

1 In Listening: An introduction to the perception of auditory events, Handel (1989) provides an in-
depth yet accessible overview of research on human audition. Although the focus is on research
with adults, this monograph provides valuable technical and theoretical background for under-
standing research in developmental psychoacoustics.

2 For a comprehensive review of research on infant auditory development and speech percep-
tion through 1982, see the chapter by Aslin, Pisoni, & Jusczyk (1983) in the 4th edition of
the Handbook of child psychology. The same authors also review more recent research on infant
speech perception in the 5th edition of the Handbook of child psychology (Aslin, Jusczyk, &
Pisoni, 1998).

3 The Handbook of developmental cognitive neuroscience (Nelson & Luciana, 2001) includes a
chapter by Aslin and Hunt on plasticity and learning in early auditory development, and 
a chapter by Werker and Vouloumanos on the influence of experience on infant speech 
processing.

4 The discovery of spoken language by Jusczyk (1997) provides an extensive review of research and
theory in the area of infant speech perception.

5 The edited volume Perception and cognition of music (DeLiege & Sloboda, 1997) includes a
review of the early development of music perception, an important domain of auditory com-
petence not covered here, as well as a chapter on the sound environment in utero.
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Chapter Three

Action in Infancy – Perspectives, Concepts, 
and Challenges: The Development of 
Reaching and Grasping

Ad W. Smitsman

Introduction

Action is of central significance to humans and other species. Its significance derives from
the fact that all living organisms persist and maintain their autonomy due to this capac-
ity. Therefore, the capacity for action must not only be present in adults, but also in
neonates, and even before birth. Moreover, in order to persist, human beings as well as
other organisms must be able to modify their way of acting because circumstances change
during the lifetime. Part of human beings’ persistence depends on the development of
new ways of acting and finding new goals to achieve, when circumstances urge them do
so. Therefore, to understand how infants persist and develop, we need to investigate what
their capacity for action entails, but also how it expands and is modified after birth.

Action is characteristic of living organisms in all forms and stages. Being alive means
being active for any organism, including a human newborn. To get a sense of what action
entails for an organism, one may compare living organisms with machines. Machines can
act too. Moreover, their actions are coordinated and well controlled, to mention two impor-
tant characteristics of action. Their actions are certainly better controlled and coordinated
than those of human neonates. Are human infants just incomplete, badly equipped
machines that first begin to act after their behavior has become more smooth and efficient?
The answer can hardly be affirmative. There is a fundamental difference between the activ-
ities of machines and those of living organisms, such as human infants. According to
Eleanor Gibson (1994) and Ed Reed (1996), this difference concerns the property of
agency, the kernel of being animate. Agency also forms the kernel of an agent’s autonomy.
It involves the capacity to live, grow, and develop by acting. Reed (1996) defines the term
“animate” after James Gibson (1979) as an organism’s “ability to regulate its relationship
with its surrounding so as to take advantage of available resources” (p. 17). These resources
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are what James Gibson has labeled affordances, the environmental components to sustain
action. Therefore, agency entails the ability to take advantage of what the environment
affords for action, to select new affordances when the capacity for action changes, and new
behavioral organizations for new affordances that are discovered. For a human infant,
agency includes the ability to take advantage of the solidity, boundedness, and geometrical
shape of surrounding objects for reaching and grasping. It entails also the ability to exploit
the surface and substance of the ground for keeping postural balance during exploration
when looking, listening, and tasting, and activities such as reaching, grasping, sitting, or
locomotion. Finally, it involves being able to take advantage of postural and vocal gestures
and bodily movements of conspecifics when socially interacting.

Because infants are agents, animate instead of inanimate beings, the capacity to regu-
late the relationship with their surroundings must be present in infants’ actions from birth
and even before. Another conclusion is that properties such as autonomy and identity are
of significance not only later on when infants develop. They must also form the kernel
of an infant’s activities at and even before birth, of behavior that looks less smooth and
efficient from the outside than it will be later. Autonomy and identity are expressed in
such concrete actions as eating and drinking, reaching and locomotion, and social inter-
action. Finally, the infant’s autonomy and identity depend on the affordances that are fur-
nished by the animate and inanimate environment and the infant’s bodily postures 
and movements to take advantage of those affordances (E. J. Gibson, 1988, 1994; Heft,
1989). These capacities are grounded in the infant’s biological resources, such as limbs,
muscles, sensory systems, and neural organizations, that are available at birth and become
available over time when the infant grows up (Goldfield, 1995), and imply for their real-
ization environmental resources called affordances.

The chapter starts with a short historical overview of the issues that have dominated
the field in the past. It subsequently addresses the question of agency, focusing on issues
such as why regulation is needed, what needs to be regulated, and what are the basic char-
acteristics that need to be present for an organism in order to function as an agent. In
addition, the discussion delineates how agency becomes realized in the way action is orga-
nized over time and directed at environmental affordances. The chapter then focuses on
the organization of action into different action systems, specific to the goals that need to
be achieved and the key issues of coordination and control of action. Finally, the chapter
ends with an overview of research on an important action system that infants develop,
namely reaching, grasping, and manipulation. This overview closes with a brief discus-
sion of how these and other accomplishments during the first year of life set the stage for
tool use, which forms the core of the action skills that develop afterwards. Following this
is a brief synopsis of central issues in studying the development of action, in particular
the issue of development.

Historical Overview and Issues

When psychologists started studying infants systematically, action became a topic of
central interest. This interest waned during the 1950s and 1960s, but revived in the late
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1970s (cf. Bertenthal & Clifton, 1998). Although detailed observations were made of
infants’ developing sensorimotor skills (e.g., Gesell and Amatruda, 1945; McGraw, 1935),
the most central problems of action remained beyond the scope of research, leading 
to a reduced interest in action itself. This situation continued until new, refreshing 
theoretical and empirical insights, mainly stemming from Bernstein’s work on action and
James Gibson’s ecological theory of perception, showed which issues needed to be
addressed in the first place. The key issues with action, namely, the infant’s agency and
need to act, the coordination and control of activities, and the goals that are served 
by action, were still waiting to be solved. Acknowledgment of the significance of these
issues led to an increasing number of studies by the end of the 1980s, continuing through
the 1990s. These studies were inspired not only by new insights, but also by new tech-
niques for direct measurement and modeling of the kinematic and dynamic properties 
of action.

What were these new insights, and in what respect did they differ from the more 
traditional insight that stemmed in particular from the works of Piaget (1954), Gesell
and Amatruda (1945), and McGraw (1935)? Briefly, the study of action, or sensorimo-
tor behavior, as it was labeled at that time, suffered from unwanted and untenable
dichotomies. In addition, it suffered from overemphasis on the significance of the brain
in the coordination and control of action, a misappraisal of the role of the body, and a
misunderstanding of what it involves to be a living organism. Nevertheless, an interest in
the meaning of being an organism cannot be denied, especially to Piaget, whose work
explicitly rested on the organism metaphor (Sameroff, 1983). Interest in regulatory
processes such as accommodation and assimilation, supposed to regulate an organism’s
relationship with its surrounding, formed a basic motivation for Piaget in his study of
development. Problematic for Piaget’s view of regulation, however, was the prevalent
mind–body dualism that characterized his as well as Gesell’s theorizing, and the main-
stream of developmental psychology. As a consequence, the main interest in action in
infancy was in its supposed relationship to the mind. Hence, action would be needed in
the process of development of the mind instead of the regulation of an agent’s relation-
ship with its surroundings. This dualism led psychologists to conceive of the brain as the
main resource for adaptation and the body as mechanistic and inflexible, unless controlled
by the brain. Consequently, and also supported by the ideas of Sherrington (1906/1947)
about the reflex arc and the related distinction of central and peripheral control (see Reed,
1982, for relevant critics), newborns’ motor and sensory activities were conceived as rigid
and reflexive. This rigid state would continue until later-developing cognitive structures,
called schemes, would enable the infant to control his or her activities centrally. The
mind–body dualism was complemented by an organism–environment dualism. Because
sensory systems would give the infant only an impoverished description of his or her sur-
roundings, action had to be guided by information about a mentally constructed reality
rather than by information distributed over the body and brain and emerging over time
by the organism’s active engagement with the environment.

Bernstein’s (1967) elaborate and elegant studies of human action showed that for two
reasons the brain could not possibly control action fully. The first reason has been labeled
the degrees of freedom problem, which concerns the immense task of controlling the incred-
ible number of skeletal and neuromuscular components (joints, tendons, muscles, etc.),
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called degrees of freedom, involved in action. Even the coordination and control of a
simple action such as extending an arm or leg involves innumerable degrees of freedom
that span most of the body, a question that will be addressed in more detail later on.
Bernstein proposed a simpler solution, by suggesting that the nonlinear interactions of
these components over time would transform the movement apparatus into a control-
lable system, or synergy, with a considerably lower number of degrees of freedom to regu-
late. Tuller, Turvey, and Fitch (1982) described such synergies as coordinative structures,
and modern dynamic systems theory as dynamic systems (see Goldfield, 1995; Thelen &
Smith, 1994). A currently well-known example of a coordinative structure described by
Tuller et al., among others, is a mass spring device, which models how spring-like prop-
erties of muscles and masses of limbs may cooperate in the movement of those limbs. In
studying reaching in infants, Thelen and her colleagues found support for such a model
(Thelen et al., 1993).

The second problem for central control of action is the context-conditioned variability
of movements (Bernstein, 1984). Movements of limbs, such as the arms or legs, are unde-
termined for anatomical, mechanical, and physiological reasons. For example, the same
pattern of muscle activation will lead to different movement consequences depending on
the mechanical characteristics of the arm and its position in the gravity field. To get a
limb moving, muscle activity is needed, but on moving, passive forces are generated that
combine to affect the movement of the limb. Passive forces vary depending on how force-
fully a body segment is set into motion and on its orientation to the gravity field. Passive
forces are also modified on a longer time scale due to rapid growth of muscles and bones,
and instantaneously due to tasks such as carrying an object or holding a tool (Smitsman,
1997; Smitsman & Bongers, in press). Objects the infant grasps and manipulates 
vary in size, shape, and mass. To coordinate and control activities in performing a 
task, infants have to be sensitive to the variations in passive forces that occur for reasons
just mentioned. To regulate the movement of a limb such as the arm, they need to 
adapt muscle activity to the changed passive forces on the limb. Bernstein supposed 
that the above sources of variability are not dysfunctional but instead functional. They
allow the infant to adapt action to varying circumstances. During development, infants
explore and discover how to take advantage of the variability of forces acting on 
the body and how to exploit such forces in controlling movements of limbs and 
postures. Spontaneous activity may be conceived as highly significant in this respect
(Goldfield, 1995), allowing the infant to explore and discover the relevant variables to
adapt the action to varying circumstances, an issue that will be discussed in more detail
later.

During the last two decades an increasing number of studies used these perspectives
to study a variety of infants’ actions (see Bertenthal & Clifton, 1998, and Goldfield, 1995,
for overviews of the field). The focus has changed from an interest in motor development
or sensorimotor development to the study of “perception and action” or action systems,
after Reed’s work (1982, 1996). The focus on perception and action highlights the inter-
connectedness or mutual dependency of perception and action, the active character of
perceiving, and the perceiving character of acting. The perceiving character of action
makes action proactive instead of reactive. This means that activities are goal-directed:
they anticipate what will happen. When these characteristics are present even in neonates,
action is intentional right from the start. To assess the goal-directedness of action, it is of
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more importance to focus on questions of coordination and control of infants’ activities,
and the mutual relation between environmental resources and the infant’s growing 
biological resources, than to address only infants’ performance, which is jerky at birth.
Furthermore, besides the important issues of coordination and control, there is a more
fundamental question that we are now beginning to face concerning the regulatory func-
tion of action itself. Why is regulation needed in the first place, and what needs to be
regulated by an infant’s activities? Furthermore, how are the goals the infant selects derived
from what he or she needs to regulate, and how do these goals evolve from the way he
or she solves problems of coordination and control? Finally, how do the answers to these
questions relate to biological resources that become available in the growth of the infant’s
body and brain and the environmental challenges he or she meets?

Regulation of the Relationship with the Environment: 
Self-organization

Why does an infant need to regulate the relationship with the surroundings in order to
guarantee his or her autonomy? Superficially, the question may even sound rather strange
because it is a common conviction that caretakers ought to be the persons who regulate
the infant’s autonomy and persistence. To understand why regulation is needed, we should
first realize that action does not just take place inside the infant, but that he or she is 
surrounded by animate and inanimate objects, substances, and surfaces as well as events,
which include the activities of other agents. These environmental entities provide affor-
dances for the infant’s actions. Even when in supine or inclined posture, the surface upon
which the infant lies or against which the infant leans forms an integral part of his or her
posture and leg and arm movements. Reaction forces emerging from the surface and the
gravity field that surround the infant’s body provide for postural stability in combination
with muscle forces that complement the surrounding forces. In fact, the stability of the
infant’s posture and movements forms the infant’s self or autonomy at that moment in
time (Fogel, 1993; Neisser, 1993; Rochat, 1995). Consequently, the infant’s autonomy
depends on how the infant can regulate muscle forces in relation to the surface and the
gravity field. Of course, a caretaker may co-regulate the infant’s posture and movements.
Fogel (1993, pp. 18, 19) provides a challenging example of a caretaker who pulls the
infant into a sitting position. Some caretakers may allow the infant to co-regulate the pull
by complementing the infant’s muscle force with their pulling force over time, whereas
others may completely ignore the infant’s efforts. According to Fogel (1993), the latter
caretakers violate the infant’s autonomy by ignoring the infant’s activities.

The fact that the stability of an infant’s movements and postures or “self ” depends on
how his or her activities negotiate environmental forces essentially means that behavior
or self and environment form a unified system. Another way of phrasing this is by saying
that the infant’s behavior forms an open system with respect to the surrounding (Sameroff,
1983; Valsiner, 1987). Such a systems perspective on behavior allows us to describe its
organization as a relationship between variables (Butterworth, 1990). In open systems,
the variables that form the system belong to the environment as well as to the organism.
Behavioral organizations are not only open to the surrounding; they are also essentially
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dynamic and nonlinear. They are dynamic because their state, a particular body posture,
or topology of limb movements may change over time and are maintained by activity,
which also varies over time. Nonlinearity means that the state alters abruptly on changes
in one of the variables (e.g., the pattern of forces) at a critical level. Finally, such dynamic
nonlinear dynamic systems show the capacity to self-organize. Self-organization entails
the spontaneous formation of patterned behavior at a higher or macroscopic level under
conditions of disequilibrium (Goldfield, 1995; Kelso, 1995; Prigogine & Stengers, 1984;
Thelen & Smith, 1994). Patterns arise by the confluence and nonlinear interactions of
many variables at a lower or microscopic level (Bernstein’s degrees of freedom problem).
For behavior, the heterogeneous components at the lower microscopic level include mus-
cular, vascular, segmental, neuronal, and environmental components. The patterns that
arise at the macroscopic level are patterns of behavior of the form of postures and move-
ments. New patterns arise when changes in these lower-level components reach a critical
value. An appealing, although distant, example of dynamic systems and self-organization
is windsurfing. Here, self-organizing processes create air pressure systems around the sail,
acting as a pulling force on sail and board, which creates a streaming pattern of water
under the board, propelling the board over the waves and providing it with stability and
the property to surf. The energetic systems that make windsurfing possible not only self-
organize, but are also nonlinear. Nonlinearity can be seen by changes in such variables as
wind direction and wave patterns. At a critical level, a slight change in wave patterns or
direction of wind to sail will perturb the systems and properties as stability and speed are
lost. The surfer cannot compose the energetic systems that are needed for windsurfing,
but can only regulate their emergence and persistence by postures and movements that
keep the sail at a proper angle to the wind. The energetic systems self-organize due to the
confluence of the properties of sail and wind, board and water regulated by the surfer’s
posture and movements. Moreover, postural stability depends on the emergence of those
aerodynamic and hydrodynamic systems. Therefore, postures and movement form an
intrinsic component of the energetic systems that underlie the exchange with the aerial
and watery environment.

Although windsurfing is not an activity that infants undertake, similar processes under-
lie the exchange with their animate and inanimate surroundings in daily activities such
as eating, gesturing, and sitting. The energetic systems that constitute the relationship
may differ and the components involved in regulating the systems may be different, but
the way those systems arise, that is, by self-organization, and their manner of regulation
are similar. When infants are agents surrounded by a structured animate and inanimate
environment, they must regulate the exchange with this environment as the surfer regu-
lates his or her relationship with the watery and aerial surroundings. In regulating the
exchange, organization per se cannot be the problem for the infant, as the principle of
self-organization indicates. Instead, regulation of order that furnishes controllable ener-
getic systems is the action problem that the infant needs to solve.

We have seen that for an agent, the relationship with the surroundings depends on
dynamic nonlinear organizations, energetic systems, which arise over time through action.
What fundamental capacities need to be present for an agent whose persistence depends
on what happens over time? To answer this question, we should realize that an infant’s
activities need to make things happen, using what has become available over time during
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the past, such as limbs, neuromuscular organizations, and environmental affordances.
More generally, activities have to be proactive rather than reactive. They need to ensure
that a wanted future state arises and unwanted future states are prevented, or, minimally,
they must allow exploration and generation of information about what these future states
might be. Proactivity may involve concrete goals, such as getting an attractive object, but
also bodily states such as stability of gaze needed for visual exploration of the intended
object. In any case, the child intends a stable relationship with the surroundings during
action, a relationship he or she can regulate. Perhaps concrete goals follow from regions
for which stable postures and movements of the body exist, as the affordance concept
suggests. What ensures that the child can make his or her persistence dependent on struc-
tures that arise over time, given circumstances that vary over time? According to Eleanor
Gibson (1994) and Ed Reed (1996), prospection, retrospection, and behavioral variabil-
ity are the primary requirements of agency. Prospection entails the ability to apprehend
what will happen on action. Retrospection involves the ability to look backwards, to
ensure that action is adapted in the light of past encounters. Retrospection ensures con-
tinuity with the past. It is needed to apprehend what happens in the present and regu-
late what will happen in the future. However, circumstances vary all the time. Therefore,
flexibility is also needed to harness an intended state against perturbations from the inside
and the outside. To conclude, when we conceive prospection, retrospection, and flexibil-
ity or behavioral variability as the primary manifestations of agency and infants as agents,
these capacities cannot be obtained later on when infants become more skillful. They
must form prerequisites for infants to exist, develop, and become skillful. Therefore, to
study infants’ actions as the activities of agents instead of reactive machines, we have to
address how prospection, retrospection, and flexibility are realized in infants’ postures and
movements.

The Organization of Action

Postures and movements form the variable means of regulating the relationship with the
environment. But, as illustrated earlier by the example of windsurfing, the relationship
depends on dynamic organizations that emerge over time from the interaction between
environmental, biological, and task components (Newell, 1986, 1996). These compo-
nents form what Thelen and Smith (1994) have called the underlying dynamics of the
action system. As we will see, the underlying dynamics consist of flows of forces and flows
of information that arise in the course of the exchange process regulated by postures and
movements.

To understand what all this means for the infant, let us now take a closer look at an
infant’s activities. When we observe, for instance, a newborn’s activities we often see the
whole body involved. An exciting scenario may not only lead to gazing but also to
mouthing, protrusion of the tongue, kicking, and extension of both arms. The problem
faced by the infant is regulating the flow of energy through the body such that his or her
excitement does not perturb the postural stability of the head and trunk needed for gazing
and reaching (Bertenthal & Von Hofsten, 1998). From the background of ongoing activ-
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ity, stable organizations have to arise regulated by the infant’s postures and movements
of limbs. Before going into more detail about action, remarks are needed about what is
meant by postures and movements. Both take place at the same time. They imply one
another. For instance, in walking, an upright posture is maintained by leg movements.
On the other hand, postural stability is needed to guarantee unimpeded movements of
the legs.

What does regulation of the relationship involve for the organization of action? Regu-
lation requires in the first place flexibility, but of an organized sort, which involves solu-
tion of the problems of coordination and control. Second, the infant has to discover the
important parameters to change, for instance, a state of sitting and kicking into a state
of reaching or crawling. The infant does not change from inactive to active and vice versa,
but from active in one way to active in another way. Third, information has to be 
continuously available about the ongoing state of the infant’s activities. In the following
sections each of these issues will be discussed in more detail.

Coordination and Control

To simplify matters, discussion of the problem of coordination and control will be con-
fined to the skeleton. Of course other subsystems are involved as well, but that does not
change the problem greatly. The skeleton forms a structure of different segments con-
nected to one another by joints at which the segments may rotate over one or more axes.
As a consequence, movement of one segment will affect other segments. If we consider
the axes over which the different segments may rotate, the skeleton contains about 100
degrees of freedom. Assuming that each of these may vary in position and velocity gives
200 dimensions to define the state of the system (Bernstein’s degrees of freedom problem).
How are particular organizations selected from this enormous number of possibilities? To
take reaching as an example, we easily see that the different ways of organizing a reach
are not equally preferable. Only a few provide stable solutions to the task. An awkward
way of organizing the different degrees of freedom would be to first lean forward by the
hips or ankles, lift the upper arm by the shoulder, and then extend the underarm by the
elbow. Postural stability will become easily perturbed when the reach is performed this
way. For the skeleton, the problem of coordination essentially entails the exploration and
selection of spatial temporal organizations of body segments or body topologies that
provide stable solutions to the task at hand.

The problem of control is related to the problem of coordination. In fact, control
depends on how the infant solves the coordination problem. Control essentially entails
the problem of maintaining a topology, while flexibly adapting it to varying task demands.
This will be more easily achieved depending on how the system is coordinated. To solve
the control problem, the infant has to explore the flexible ways or parameters and their
ranges according to which a system can vary while its basic topology is preserved. For
instance, the topology of the step cycle in upright locomotion can be preserved over a
large range of variations in speed, stride length, and environmental layout. The topology
is maintained when, for instance, an increase in speed pushes the system from walking
into running (Clark, Truly, & Phillips, 1990).
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To understand in further detail how the problems of coordination and control are
solved, we need to realize that each body segment functions as a lever. Motion of a
segment is induced by torque at the joint at which the segment rotates. However, torque
at a joint generates passive forces such as inertia not only on the segment itself, but also
on the segments to which it is connected. Hence, smooth movements of a limb such as
a leg or arm require muscle activity to get the intended segment moving, but also to com-
pensate for the passive forces that are generated on the segment and the segments that
are connected to it. In fact, in reaching, the muscles that span the arm, shoulder, neck,
and trunk have to operate as a synergy to generate and preserve the stable topology of
the reach. In controlling the reach toward an object, the infant has to discover how to
secure the posture of trunk and head from destabilizing effects of the arm, as well as how
to counterbalance unwanted flapping of the arm by stiffening particular muscles (Thelen
et al., 1993).

Dynamic Systems

Dynamic systems theory provides challenging metaphors and models to describe the ways
in which the problems of coordination and control can be solved (for tutorials see Gold-
field, 1995; Hopkins & Butterworth, 1997; Savelsbergh, Wimmers, van der Kamp, &
Davids, 1999; Thelen & Smith, 1994). Briefly, a dynamic system is a system that changes
its state over time. Earlier, the example of windsurfing highlighted how dynamic systems
or macroscopic low-dimensional organizations self-organize over time from the interac-
tion of more microscopic multidimensional elements such as neuromuscular and envi-
ronmental factors. Dynamic systems theory allows us to describe formally the states that
evolve over time as time-dependent collective organizations. Stable organizations that arise
over time are also called attractors, because they seek stability within a certain region of
their state space. For instance, for the step cycle stable topologies will only be found for
particular values of stride length and leg speed. To define the system we need to find a
collective variable that specifies the macroscopic order, for instance a topology such as the
step cycle. To further specify the behavior and stability of the system we have to find the
underlying dynamics (e.g., the pattern of forces and the information) and control para-
meters (that provide for flexibility) on which the system’s behavior depends. Changes in
these control parameters perturb the system’s behavior at critical values and lead to new
forms of order. By studying changes in the collective variables we are able to determine
whether new forms of behavior emerge. Investigation of the underlying dynamics enables
us to unravel the control parameters (the control system) the infant needs to regulate in
order to stabilize his or her postures and movements. Earlier we saw some examples of
dynamic systems in the mass spring device and in windsurfing. Other examples of
dynamic systems involve the oscillatory motion of a swinging pendulum. Rhythmic
movement patterns like the step cycle in walking and running can be modeled as an
analog to the oscillatory motion of two coupled pendulums (see, e.g., Clark, Truly &
Phillips, 1990; Clark & Phillips, 1993). Instant velocity at each point of the pendulum’s
trajectory specifies the collective variable of a broad class of oscillatory motions. These
include the cyclic sway of legs in walking. To further specify the flexibility and stability
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of the system, we need an equation of motion that describes the class of movements 
for which the system shows stable behavior, and the relevant parameters on which the
stability depends. Mass, length, gravity, and stiffness form important parameters for such
oscillatory motions. The parameters allow the system to behave flexibly within certain
regions of scale. Changes in parameter values beyond that region will destabilize the
system and lead to a transition to new patterns of behavior. To solve the control problem,
that is, find and maintain stability for the system, an infant has to explore the regions
and parameters for which the system is stable. To become proficient in actions such as
reaching, crawling, and walking, infants have to explore, for example, the stiffness and
compliance of muscles of the different segments involved and their concerted effect on
the stability of the movements and postures intended.

Of course, stiffness and muscle force cannot be regulated independently of the spatial
layout of the surrounding in which action takes place. Stability depends on how envi-
ronmental factors and the organism combine. Discovery of what the environment affords
for action also entails anticipation of how variation in spatial layout will affect the 
stability of a system.

Perception and Action

To be able to solve the problem of coordination and control, the infant has to be sensi-
tive to what happens to his or her relationship with the environment when acting. The
earlier discussed flow of energy and the macroscopic order which arise over time enable
the active infant to regulate the relationship because they also contain information to
guide action. Perception is tightly connected to action. The developmental significance
of such a connection is underscored by several studies (Bertenthal & Clifton, 1998;
Schmuckler, 1993).

James Gibson’s (1966, 1979) ecological theory of perception offers challenging insights
and concepts for the problem of unraveling the relation between perception and action
and explaining how an agent can regulate the relationship with the environment due to
this relation. The theory rests on two fundamental concepts: the concept of information
and the concept of affordance. Both concepts unify the organism and the environment
and connect perception and action, or sensory organizations and motor organizations.
Because the concept of affordance rests on the concept of information, the latter concept
will be discussed first.

Gibson’s concept of information rests on the assumption that sensory systems have
evolved in animals in relationship to motor systems, and that the evolution of motor
systems would have been impossible without the co-evolution of sensory systems. Sensory
systems evolved to take advantage of energy such as light and sound reflected on sur-
rounding surfaces and those that belong to the organism’s own body to guide action. The
important insight is that events, substances, and surfaces of the environment as well as
those of the acting organism structure this energy in ways specific to the action that is
performed and the environment that surrounds the action. If we accept this position, it
is not the static image of the environment at a receptor surface that is important, but the
flow of energy that arises at the receptor fields during action. Only the flow is structured
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by what happens over time. For example, every movement of the head generates a flow-
field of visual stimulation on the retina. In stretching the hand toward an object, a flow
of tactile energy arises on the skin and sensory organs in muscles and tendons of the arm
and shoulders. When at the same time hand and target are observed, the flow-field on
the retina is modified by light reflected from the hand and target concurrent with the
flow for the haptic system. Optically, the movement of the hand is projected at the target
when its trajectory is toward the target. An infant that is able to pick up such patterns
of structured energy can be aware of what happens to the relationship of arm and target.
Moreover, the infant can regulate the relationship in the way the selection of, for instance,
a reach away, toward, or to the side of the target will modify the emerging sensory struc-
ture accordingly. Of course, regulation is possible if and only if the patterns at the recep-
tor surfaces are lawfully related to the important parameters of the action system (i.e., in
the example, the distance, speed, and direction to reach). In developing laws of control,
Kugler and Turvey (1987, 1988) have elaborated this line of thought in an attempt 
to clarify how the forces needed to act are lawfully related to flows of energy on sensory
surfaces.

Before leaving this brief discussion of the concept of information, a few comments are
appropriate. First, according to this view information is not similar to knowledge. It is
not stored somewhere and, in fact, cannot be stored anywhere. It is an emergent struc-
ture that specifies an agent’s relationship with the environment. Knowledge about the
“self ” as an agent and the environment results from the information that becomes avail-
able to the agent in action. Second, the information allows for co-perception of the “self ”
as an agent and the environment as a place to act. This means that awareness of the envi-
ronment and the “self ” as an agent form emergent properties of action. Third, because
information emerges in relation to action, other information will be obtained about the
“self ” as an agent and affordances the environment furnishes when action evolves.

The concept of affordance follows from the concept of information and complements
it. The essential point is that the environment is perceived as opportunities to express
one’s agency and the “self ” as endowed with capacities to take advantage of those oppor-
tunities. Affordances form the environmental part of the underlying dynamics of the
action system. Postures and movements the infant can realize and bodily components
involved form the infant’s part. Realization of a stable relationship depends on the fit
between both. Therefore, to regulate the relationship, the infant’s sensory systems need
to be tuned to environmental entities that provide a fit for postures and movements the
infant can realize, such as a place to sit or walk, or an object at a reachable distance when
sitting or walking. More generally, in perceiving an affordance, the surrounding emerges
to the infant as an opportunity to express the “self ” and the “self ” emerges as endowed
with potentialities to take advantage of those opportunities. Neisser (1993) and others
have called this “self ” the ecological self to distinguish it from a more reflective “self,”
which would develop later on. In terms of the affordance concept, the environment forms
a spatial layout within which to orient the gaze, to reach, to eat and drink, to locomote,
or to socially interact. Each of these actions requires the spatial layout to be arranged in
particular ways suited to the particular action and the action organized in a way suited
to the layout of the surroundings. For instance, social interaction requires other agents,
capable of perceiving and acting. Interaction with another child at home requires pos-
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tures and movements from the infant that differ from those for interactions with a doll.
In perceiving an affordance, the infant perceives what the particular spatial layout means
for action. Consequently, perception of an affordance entails discovery of a goal to be
realized, and the self as the agent to realize that goal. Conceived in this way, perceiving
an affordance provides a future for the infant. When this future cannot be immediately
realized because the behavioral means fail, discovery of an affordance may provide a direc-
tion for development of those means (Heft, 1989).

Educated in Cartesian dualism and Newtonian physics, it is tempting to consider the
environment as composed of bounded elements such as objects and affordances as a par-
ticular kind of those elements. However, affordances are not isolated particles. They
denote relationships to an agent’s actions, and postures and movements to perform the
actions. The stability of the postures and movements depends on the presence of those
affordances. As opportunities for action affordances also entail goals for development to
the child, because they specify regions for which stable behavioral forms can be obtained.
The specific forms of behavior the child uses to take advantage of those affordances may
change depending on the bodily resources that become available over time. Long before
an infant takes her first walking steps, she may perceive whether a surface affords loco-
motion. She may explore this opportunity by belly crawling as soon as she is able, laying
on her belly to lift her head and shoulders from the ground. Later on, when her hands
and knees can support her body, she may explore the opportunity by crawling, and still
later, when standing upon both feet becomes possible, by walking and running. Perceiv-
ing an opportunity for action that a surface provides encourages the child to explore the
surface and postures and movements that can take advantage of what it affords (E. J.
Gibson, 1988). If affordances are goals for development, an important issue that faces us
concerns the differentiation of the relationship with the environmental layout, consonant
with the growing action repertoire and the perception of the “self ” as an agent. Dis-
crimination of affordances is likely to entail a perceptual differentiation process of the
sort earlier described by Eleanor Gibson (1969, 1988). A level at which to discriminate
affordances would be that of the goals of action, such as locomotion or reaching. In the
case of locomotion, a more differentiated perception would concern the particular pos-
tures and movements the spatial layout affords to realize action such as crawling, walking,
running, or hopping. Presumably, infants begin to differentiate the environment at the
level of goals such as locomotion, reaching, eating and drinking, or socially interacting,
and explore and adapt their limited capacities distinctively according to those goals.
Because in newborns these limited capacities are confined to particular organs or subsys-
tems, such as the mouth, the infant will explore those subsystems for a variety of pur-
poses later on, served by other more slowly developing organs, such as the hands. Research
indeed indicates that oral activities are used for a variety of purposes other than gesta-
tion, such as exploration of objects and social interaction. Lying supine, kicking is even
used for purposes such as activating mobiles when the legs are connected to those mobiles
via a wire (Rovee-Collier, 1996). Investigations show that these activities are not per-
formed indifferently but flexibly adapted to the task at hand (see Bertenthal & Clifton,
1998), indicating that activities are indeed directed to take advantage of affordances.
When other subsystems become available, exploration of relationships affordances entail
may become more differentiated, fitting the growing behavioral repertoire. Consonant
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with such a development, differentiation may also involve consequences of the spatial
layout for the specific postures and movements that compose the action. Adolph’s (1997)
recent study of crawling and upright locomotion on flat rigid surfaces of varying slopes
supports such a developmental process. She studied infants’ behavior longitudinally from
the period they crawled until the onset of upright locomotion. Results showed that in
advance infants underestimated the steepness of downward slopes for keeping postural
balance, first when they began to crawl and later on when they began to walk. Moreover,
results also indicated that infants perceived this property in relation to the manner of
locomotion and not as a property solely of the slope, which makes sense because of the
different consequences steepness has for these behavioral organizations. The center of
mass of the body is displaced differently for crawling and upright locomotion. After
infants discovered over several weeks of crawling the critical slope level for maintaining
stability in downward crawling, they started all over again in taking to difficult slopes
when they began to walk.

Action Systems

When we look at the way action is organized we can distinguish several levels and time
scales at which bodily and environmental components interact. In the case of skilled
actions, such as running or tennis playing, we can register smoothly coordinated co-
activity of skeletal, muscular, neuronal, and vascular components adapted to environ-
mental and task components. At the higher level and longer time scale are the goals that
are regulated by the activities. At the intermediate level are the postures and movements
adapted to the goals that need to be fulfilled and sustained by the co-activity of bodily
components at the lower level. Postures and movements in turn consist of precise topo-
logical relations of body segments the agent maintains over time and space. For instance,
in walking and running, the knee, ankle, and hip bend and straighten in a precise
spatial–temporal synergy to one another (cf. Bertenthal & Clifton, 1998). How can we
sensibly distinguish the different actions from one another, taking into account the 
heterogeneous components involved and their manner of cooperation?

A more traditional way to categorize actions would be to look at the anatomical com-
ponents or motor systems involved and to categorize actions according to those compo-
nents and systems. On the other hand, because postures and movements of body segments
composing an action follow from the goals that need to be realized, and the action
problem that needs to be solved to obtain these goals, Reed (1982, 1996) categorizes
actions according to those goals. He labels such broad categories of actions as action
systems. Several arguments favor Reed’s functional definition of action. The most impor-
tant one is that although the anatomical components, such as the feet or hands, constrain
the way action is performed, they do not determine its organization. For instance, behav-
ioral organizations that involve the hands may be flexibly adapted for several goals, such
as reaching and manipulation, gesturing, but also locomotion. To take an extreme
example, if one were to try to walk upon the hands instead of the feet, displacement of
the center of mass over the limbs that support the body would still be the action problem
to solve. The solution will generate a step cycle in both cases, characteristic for upright

Action Systems in Infancy 83



locomotion, although anatomical components to solve the problem differ. The phenom-
enon that one may use different anatomical components for similar goals is called motor
equivalence (Turvey, 1990).

Reed (1996) distinguishes seven broad categories of goals that, according to him, have
to be fulfilled for any complex multicellular organism: (1) basic orientation, (2) percep-
tual exploration, (3) locomotion, (4) manipulation, (5) ingestion, (6) interaction with
other individuals, and (7) play. The most fundamental goal is basic orientation. It is a
prerequisite for any other goal and involves active maintenance of the body posture or
that of body segments, such as the head and torso relative to gravity and surfaces and
objects that surround the body. Postural control is needed for any other activity, such as
exploration, locomotion, or interacting. For instance, in the case of visual exploration,
the infant has to stabilize the gaze by controlling the posture of the head and torso to
fixate moving and nonmoving objects. It is not only the basic orienting system that is
involved in the activities of other systems; in many actions different systems cooperate.
For instance, eating and drinking involves exploration, locomotion, grasping, and some-
times interaction as well.

Reed’s definition of action systems, taking into account the existence of motor equiv-
alence, enables us to look for flexibility in infants’ behavior that otherwise might have
been ignored. Bodily components mature at a different pace in infants. However, the 
existence of motor equivalence indicates that infants do not have to defer fulfillment of
goals until development of more suitable bodily components takes place. There is an
action problem that needs to be solved. The infant may use whatever means are available
at a time to solve the problem. For instance, although young infants cannot move inde-
pendently from one place to another or grasp objects manually in the first months, by
vocal and facial gestures they can alert caretakers to assist them. As discussed before, the
mouth, face, and eyes are organs the infant can articulate quite well in the first weeks of
life, unlike the hands and legs. Research on, for instance, oral activity in neonates indi-
cates that oral activity does serve several functions in addition to drinking and eating,
such as exploration (Rochat, 1995) and interaction (Meltzoff & Moore, 1995; see also
Fogel, 1993), and perhaps even grasping (see Goldfield, 1995, chap. 9 for an overview).
Goldfield suggests that the early presence of the ability to modulate the underlying
dynamical characteristics of the oral subsystem allows the infant to achieve the different
functions.

In the following section we will briefly review the research on reaching and grasping
to highlight the concepts outlined above. More elaborate reviews are presented by
Berthental and Clifton (1998) and Goldfield (1995) for other systems as well.

Development of Reaching and Grasping

Reaching, grasping, and manipulation form important functions of the hand. However,
the human hand is very flexible and may also serve several other functions that include
pointing, pounding, tactile exploration, and even symbolic functions such as gesturing
and counting. The task facing the infant is discovery of how to regulate the modifiable
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underlying dynamics of the system such that stable synergies emerge from this substrate
for functions as diverse as those just mentioned. For the neonate, manual activity is
embedded in behavioral configurations that involve the whole body. The problem for the
neonate is not that behavior is uncoordinated at birth. In fact, it is highly coordinated.
Movements of the head and trunk as well as interesting sights and the excitement that
may result from these sights may elicit different types of activity of the arm and hand.
For instance, mouthing may elicit flexion of the arm and movement of the hand into the
direction of the mouth in neonates. Head turning may elicit extension of the ipsilateral
hand into the direction the infant gazes via the atonic neck reflex (ATNR) (cf. Goldfield,
1995). What enables the infant to evolve goal-directed actions from this substrate of early
coordinations?

A major problem for the infant involves activating the reach such that the posture of
head and trunk form stable platforms to guarantee an unimpeded reach and grasp. In
fact, extension of the arm displaces the center of mass outward and movements of the
torso may aggravate this effect. Postural stability for the head as well as for the trunk are
particularly important to compensate for such effects. Stability of the head is also needed
to keep the gaze focused on targets to reach for. In the following sections these and other
related issues will be addressed.

Pre-reaching

After birth, a period of pre-reaching precedes goal-directed reaching that develops at about
4 months of age. Arm extensions toward an object during this period are considered as
pre-reaches because one may question whether the movements are guided by the object
that is seen, or elicited by other activities such as gazing at the object or head turning.
Although not goal-directed, manual activities are organized. They are coordinated to
activities of the eyes and head. Von Hofsten (1982) therefore considered such manual
activities as a form of orienting instead of reaching. Von Hofsten based his conclusion on
the finding that arm extensions of 5- to 9-day-old infants toward an object were more in
the vicinity of an object when the object was fixated. Moreover, well-aimed arm move-
ments tended to slow down in the vicinity of the object that was fixated, suggesting some
anticipation of an encounter with the object.

During the first four months of life important changes take place in the organization
of the manual and visual activities of infants and in the muscular synergies that underlie
such activities. These changes set the stage for the development of goal-directed reach-
ing. For infants positioned in front of an object, reaching attempts decrease in the period
from 1 to 7 weeks and the number of fixations of the object increases (Von Hofsten,
1984). In studying pre-reaching during the first 19 weeks of life, Von Hofsten (1984)
also discovered a change in the coordination of activity of the hand and arm. In the period
from 1 to 7 weeks the hands became fisted during approach, whereas they were opened
again in the period of 9–17 weeks. A similar phenomenon was observed earlier by White,
Castle, and Held (1964). Presumably, the synergy of muscles of head, shoulders, arm,
and hand to perform a reach changes during the first 7 weeks, freeing the infant from
behavioral configurations such as the ATNR response that are present at birth (cf. 
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Goldfield, 1995). The change enables infants to visually and haptically explore the freed
degrees of freedom for extending the arms. White et al.’s (1964) study supports such a
hypothesis. In studying infants’ reaching behavior longitudinally from 1 through 5
months, White et al. discovered a dropping out of the behavioral asymmetry due to the
ATNR response at the end of the first 2 months of age. After freeing the arms from the
earlier asymmetry, unilateral movements were replaced by bilateral movements. At 
4 months of age unilateral reaches reappeared, followed by interchanging periods of bilat-
eral and unilateral reaches until the end of the first year (Corbetta & Thelen, 1996).
During the period of bilateral movements in pre-reaching, there was increased haptic and
later also visual exploration of both hands at midline.

More recent studies support the hypothesis that the transition of pre-reaching to goal-
directed reaching is accompanied by a change in muscle synergies (Thelen & Spencer,
1998; Van der Fits & Hadders-Algra, 1998). Thelen and Spencer (1998) further reported
variability during the transition from pre-reaching to goal-directed reaching, in combi-
nations of muscles that were active.

Goal-directed Reaching

Goal-directed reaching requires the infant to configure dynamic organizations for the
arms, head, and trunk that can be tuned to the shape and size of a target and its direc-
tion, distance, and orientation in space. The task that faces the infant is to regulate the
exchange of energy on reaching between muscles, limbs, and surroundings such that one
or both hands approach the target smoothly and can touch and grasp it. The range of
reaching in space can be expanded by rotation of the trunk or leaning forward or to the
sides. However, both leaning and rotation shift the center of mass of the body. Shifts of
the center of mass easily lead to postural imbalance and consequently perturbation of the
movement of the hand unless the infant can compensate in time for such a disturbance.
How does the infant solve such action problems?

Von Hofsten and his colleagues (Von Hofsten, 1979, 1991; Von Hofsten and Ron-
nquist, 1993) studied infants’ reaching longitudinally over the period from 15 until 42
weeks. By analyzing the velocity profile of the movement of the arm, they discovered that
the reach is organized into smaller units, whereby each unit is characterized by an accel-
eration and a deceleration phase. With age the number of units decreases and the trajec-
tory becomes smoother, a change that could largely be attributed to the lengthening of
one unit, which they considered the transport unit. The longest unit was mostly the first
unit.

Several studies addressed the issue of movement units. A first hypothesis, consistent
with Piaget’s (1952) hypothesis that eye–hand coordination is a prerequisite for reaching
to develop, maintains that infants need to monitor the trajectory. Monitoring may
become more efficient with age. A smart way of testing this hypothesis is by studying
infants’ reaching in the dark. When 6- to 25-week-old infants were shown glowing objects
in the dark, results showed that they did not need to see the hand to touch the object
(Clifton, Muir, Ashmead, & Clarkson, 1993). Of course infants have to see the target,
but they do not need to see the hand to regulate its trajectory toward the target. Further
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evidence for such a conclusion comes from a study in which in darkness a lighted target
was suddenly displaced during the reach by switching the light toward an adjacently
placed toy (Ashmead, McCarty, Lucas, & Belvedere, 1993). At the age of 5 months infants
did not adapt the reach toward the new position of the target. Adaptation first occurred
in 9-month-old infants in the approach phase of the reach, and only when infants were
wearing a visible marker on their hands.

A second hypothesis for the existence of movement units maintains that the smoother
trajectories of older infants result from their improved ability to plan the reach (Von
Hofsten, 1989, 1997). Although on first sight such a hypothesis is appealing, it may be
questioned whether the planning of the reach is the sole cause of the units and the irreg-
ularity of the trajectory. Movement units may also arise in neonates, at an age when arm
extensions presumably are not planned at all but are elicited, as Von Hofsten and 
Ronnquist (1993) showed. Moreover, an elegant modeling study by Out, Savelsbergh,
Van Soest, and Hopkins (1997) of reaching in 12- to 20-week-old infants indicated that
movement units may arise at the low level of the biomechanics of the system instead of
being the result of the higher abstract level of planning. This later finding is consistent
with dynamic systems theory. According to this view, smooth trajectories and conse-
quently adequate planning may result from the ability to regulate the modifiable dynam-
ical characteristics of arms and shoulders such as muscle stiffness in relation to muscle 
activation. Besides, planning would be of little help to the infant without the ability to
regulate those characteristics. In a longitudinal investigation of the hypothesis derived
from dynamic systems theory, Thelen et al. (1993) used what they call a multilevel
approach. They studied reaching in infants from 3 to 52 weeks of age. Their approach
consists of measuring the space–time characteristics of the movement, such as its trajec-
tory in space, velocity, and change in velocity, in relation to the underlying muscle acti-
vation patterns used by infants to generate and control the movement, which they also
call the intrinsic dynamics. Their study involved four infants. Consistent with the
dynamic systems view, and in particular conceiving the arm as a mass spring device,
smoother trajectories resulted from an improved ability of older infants to regulate the
underlying dynamics of the system. Interestingly, infants differed in the strategy they fol-
lowed to solve the action problem. Two infants used too much muscle force to set the
arm into motion at the onset of reaching and relatively too little muscle stiffness to damp
oscillatory flapping motions of the arm toward the target. For the other two infants, tra-
jectories looked much smoother and better controlled than those of the first two infants
at the onset of reaching. However, smoothness was the result of a lower energy level used
to activate the system instead of better control. In the case of less muscle activation, com-
pliance of muscles will be less likely to lead to flapping movements and irregular trajec-
tories. But activation may then be too low to reach the target when lifting the arm against
gravity. Such was indeed the case for the two infants who used this strategy. In sum,
although infants differed in the strategy they used to solve the action problem, their solu-
tions were similar: regulation of muscle activation relative to muscle stiffness by muscle
co-activation. Stiffness and activation are two important parameters of dynamic systems
such as a mass spring device.

When young infants’ arms are very active before the reach starts and muscles are highly
activated, high movement speed may be the result. Movement speed in turn may perturb
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the infant’s ability to properly regulate forces to stabilize reaching. To obtain insight into
this parameter, Thelen, Corbetta, and Spencer (1996) further analyzed the reaches of the
infants studied by Thelen et al. (1993) in terms of movement speed. Analyses showed
that irregularity of the reach was related to a high movement speed. The relationship
existed for reaches and spontaneous nonreaching movements, and was most clearly shown
in an active period that occurred before infants were able to control the reach adequately.
After the onset of goal-directed reaching, all infants passed through such an active period
in which they, according to Thelen et al. (1996), seemingly explored how to fine-tune
the system after they had discovered how to configure the reach. The timing and length
of the active period varied among infants. Control considerably improved for all infants
after this active period between 30 and 36 weeks of age. Interestingly, it is in this period
that infants begin to sit independently (Rochat, 1992) and to crawl (Goldfield, 1993).
Moreover, at about 10 months infants perceive that they can reach further by extending
the arm and leaning forward, whereas at 8 months they perceive the reaching distance
only for the extended arm, not for the arm and trunk. At 12 months they begin to per-
ceive that the reaching distance can also be extended by using an implement such as a
spoon (McKenzie, Skouteris, Day, Hartman, & Yonas, 1993). Improved postural stabil-
ity due to the discovery of new synergies for the trunk, arms, and shoulders may under-
lie the development of each of these skills.

A related issue of importance to the development of reaching and grasping concerns
the cooperation between both hands. For most infants, arms move together synchronously
until late in the first year. This happens for spontaneous manual activities as well as for
reaching. In bimanual reaching, one hand touches the object, but both arms extend sym-
metrically along the midline toward the object. The precise patterning may change
between 7 and 11 months (Goldfield & Michel, 1986). In adults both hands cooperate
when tasks require such a division of labor. For instance, in tasks such as manufacturing,
one hand may be used to hold an object in position and the other to work on it. Bi-
manual reaching is only needed for objects that are too large for one hand to seize. In
infants, bimanual activity that is scaled to the size of the object first develops in the begin-
ning of the second year (Fagard & Jacquet, 1996).

Why does it take so long for infants to adapt bimanual activity to the task at hand?
According to Corbetta and Thelen (1996), we have to realize that new patterns such as
unimanual or bimanual reaches always emerge from a substrate of existing forms of coor-
dination. We have seen that in neonates, unimanual arm movements occurred by exploit-
ing the ATNR response when this was prevalent. Symmetrical bilateral movements first
occurred after the original substrate of asymmetrical configurations disappeared. To obtain
insight into the underlying behavioral configurations for reaching over the first year of
life, Corbetta and Thelen (1996) analyzed patterns of interlimb coordination for reach-
ing and nonreaching arm movements, using data from the infants earlier studied by
Thelen et al. (1993). Periods of bimanual and unimanual reaching appeared to inter-
change over the whole first year of life, but at a time scale that differed between infants.
As expected, during periods of bimanual reaching, synchronous spontaneous bimanual
activity was found for reaching and nonreaching arm movements. However, during
periods of unilateral reaches such a synchronous movement was not found. Reaching
apparently exploited patterns of interlimb coordination that were prevalent at a time.

88 Ad W. Smitsman



What are the causes of the changing prevalence of patterns of interlimb coordination?
Corbetta and Thelen mention several factors that may operate at different time scales in
different infants. One factor is the energetic state of the infant. When young babies get
excited for some reason, all their limbs are activated and it may be difficult to channel
energy such that the whole shoulder girdle is not involved, and only one hand extends
and the other is kept still. Other factors include developing skills such as the ability to
sit independently and bimanual skills that infants acquire at the end of the first year of
life, attention to new affordances relevant to those skills, and finally, task constraints such
as the shape and size of objects that are presented. Consistent with the above suggestions,
a study by Rochat (1992) indeed showed that infants differ in their manner of reaching,
depending on whether they are able to sit independently. Independent sitters more fre-
quently reached with one hand than nonsitters. Also, the acquisition of bimanual skills
is important for a change in the manner of reaching. Fagard and Pezé (1997) showed that
an increase in bimanual reaching by the end of the first year of life coincided with success
in bimanual tasks, such as taking a toy out of a container while lifting the lid with the
other hand. Moreover, unilateral reaches were especially prevalent in the period before
first successes in the bimanual task, which took place between 8 and 10 months of age.
In sum, bimanual reaching may have different origins at 6 months of age when it is preva-
lent and at 11 and 12 months of age when it becomes prevalent again (Fagard & Pezé,
1997). For reasons mentioned earlier, 6-month-old infants may be unable to uncouple
both hands or to couple them more adequately according to the task that needs to be
fulfilled. By the end of the first year of life, infants may be able to accomplish a division
of labor between both hands. Anticipation of such division of labor for manipulating
objects may lead to bimanual reaching. Finally, task demands may determine the manner
of reaching. Newell, Scully, McDonald, and Baillargeon (1990) found a differentiation
in bimanual and unimanual grasping in infants of 4 through 8 months of age according
to the shape and size of the object. In their study small toy cups in diameters of 1.25,
3.5, and 8.5cm were presented with the cup opening facing either downwards or upwards.
When a cup was not only touched but also grasped, which occurred in 71 percent of
cases in 4-month-olds and in 90 percent of cases over all ages, one hand was mainly used
for the smaller cups. For the largest cup one hand was used only when the cup opening
was facing upwards. When the latter cup was facing downwards two hands were used to
grasp the cup.

Grasping

Grasping and manipulation of objects are important goals of reaching. Other goals
include exploration of surfaces, beating, and finding a base of support in leaning and
crawling (see Goldfield, 1993). The transition of pre-reaching to goal-directed reaching
is accompanied by a short period between about 15 and 18 weeks when infants only
touch objects after completion of a reach (Von Hofsten & Lindhagen,1979; Wimmers,
Savelsbergh, Beek, & Hopkins 1998). Wimmers et al. (1998), using catastrophe theory,
demonstrated that the transition of reaching to reaching followed by grasping indeed
involves a qualitative shift in behavior of the infant. A reason why infants only touch
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objects instead of grasping them at the onset of goal-directed reaching might be the dif-
ficulty of adjusting the hand to a target during approach. Such adjustments are difficult
to achieve when trajectory control still forms a problem. Grasping of objects requires
timed adjustments of the hand and grip configuration to the shape, size, and orientation
in space of an object, especially when an infant has to catch a moving object. In addi-
tion, contrary to what is the case for trajectory control, visual guidance is of importance
to adjust the hand and grip to the target.

To study hand adjustments for grasping, Lockman, Ashmead, and Bushnell (1984)
presented 5- and 9-month-old infants vertically and horizontally oriented dowels. Results
showed that 9-month-olds, but not 5-month-olds, adjusted the hand to the orientation
of the dowel before touching. Contrary to Lockman et al.’s (1984) findings, Von Hofsten
and Fazel-Zandy (1984) discovered that even 18-week-old infants adjusted the hand to
vertically or horizontally positioned rods. In a subsequent study, Von Hofsten and 
Ronnquist (1988) discovered that 5-month-old infants started to close the hand around
the object just before the hand encountered the object. For 9- and 13-month-old infants,
closing started earlier during approach. In addition, the span of the hand became adjusted
to the target size at these older ages, whereas it was not in the youngest age group. Finally,
Savelsbergh, Von Hofsten, and Jonsson (1997) showed preparation of the grasp during
reaching in 9-month-old infants. To experimentally investigate whether grasps are pre-
pared during the reach, they suddenly displaced a target to the side during the reach. In
designing their study, they reasoned that a sudden change of target position would perturb
a reach that anticipates the grasp, but not a reach that does not prepare to encounter the
object. In the latter case, grasping starts first after the reach is ended. Longer times to
execute a reach and more errors in touching an object for perturbed reaches confirmed
the hypothesis that reaches prepared the grasp. Their finding that infants needed to finish
the reach and start a new reach of a similar temporal structure to grasp the object further
supported the latter hypothesis.

For grasping, the hand has to be adjusted to the orientation of an object in space and
the configuration of fingers and thumb to the shape and size of the object. Newell and
his colleagues (Newell, McDonald, & Baillargeon, 1993; Newell et al., 1990) showed that
grip patterns of infants of 4 to 8 months of age varied systematically with object size in
grasping cups of different sizes. About five patterns were found out of a considerably
larger number of possible combinations for the ten digits of both hands. The combina-
tions differed in the number of fingers used to touch the object along with the thumb,
involving more digits for larger objects. To compare critical object sizes at which grip pat-
terns change for infants and adults, Newell et al. (1993) measured the ratio of object size
to hand size. Relating this ratio to the five grip configurations that were found revealed
that infants and adults shift to another grip pattern at about the same ratio. Finally, results
revealed that at the age of 4 months grip differentiation was mainly haptically guided. It
occurred on touching the object. At the age of 8 months of age it occurred mainly before
touching the object and was visually guided. Newell and his colleagues conceive object
sizes as task constraints. Their results show that those task constraints affect the selection
of a grip in a way that is similar for infants and adults. Taken together, these findings
show that orientation of the hand and preparation of the grip guided by visual informa-
tion becomes part of the reach at about the onset of goal-directed reaching. Improvement
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of the preparation of the grip takes place in the months that follow the onset of goal-
directed reaching. Part of this improvement may result from the progressively better
control infants obtain over the trajectory of the hand in exercising reaching and grasp-
ing. Adjustments are more easily achieved when the hand follows a smooth trajectory
instead of oscillating on its approach toward the target. Another part may result from an
improved ability to pick up visual information to guide the approach toward an object.
Control of movement of the hand and stabilization of the head and torso for reaching
will make it easier for them to pick up such information to guide adjustments for grasp-
ing (Bertenthal & Von Hofsten, 1998).

In most tasks used to study reaching and grasping, infants can move the hand freely
in space. There are no obstacles to avoid or narrow openings to orient and pass through
before the hand can grasp an object. Moreover, when the object has been grasped it can
be retrieved freely without the need to avoid obstacles in its path. Activities become more
complexly nested when adjustments of the hand and digits not only involve grasping but
also approaching and retrieving a target with obstacles to avoid and openings to pass
through. Such a task requires the infant to shift hand orientation over time and to pick
up visual information to guide the hand. Moreover, when retrieval also involves avoid-
ance of obstacles, regulation includes the orientation of the object that is held with respect
to these obstacles. Robinson, McKenzie, and Day (1996) used such tasks to study hand
adjustments infants make for grasping. Results showed that, in contrast to adults, 10-
month-old infants did not adjust the hand to a narrow elongated aperture behind which
an elongated object was placed in an orientation that differed from the aperture. However,
adjustments to the aperture were made when they were only needed for passing through,
but not for grasping or grasping and retrieving. This occurred when behind the aperture
an object was presented that could only be touched because of its large size in relation to
the aperture and hand size. Apparently, infants perceived what the task afforded them to
do. This was also the case when adjustments were needed to a handle placed on the top
of an object too large to grasp by one hand. These results show that at the age of 10
months, regulation of hand orientation may concern different goals and entities for
infants: objects, openings, and handles. However, when hand orientation has to shift over
time and serves different goals, one goal (passing through an obstacle) embedded 
in another goal (grasping an object), the task becomes too complicated for infants of 
this age.

Tool Use

By the end of the first year of life the human infant has attained important milestones in
reaching, grasping, and manipulation of objects. Improved postural balance and flexibil-
ity in sitting by that time greatly enhance these skills (Bertenthal & Von Hofsten, 1998;
Thelen & Spencer, 1998). The ability to lean forward and to the sides without losing
balance also expands the reaching space (Rochat & Goubet, 1995). The space is further
enhanced by upright bipedal locomotion that occurs also by the end of the first year and
the beginning of the second year of life. The significance of such accomplishments extends
far beyond the immediate goals they serve, such as getting and manipulating objects and

Action Systems in Infancy 91



exploring surfaces haptically. These accomplishments set the stage for the development
of new skills that rest on tool use. Tool use plays a central role in children’s developing
action repertoire after the first year of life. It underlies the expansion of the capacity to
act that takes place after the first year of life. In expanding this capacity, it enables chil-
dren to partake in the cultural heritage of the society within which they grow up. The
dynamic systems view sheds new light on how expansion of the capacity to act may take
place (Smitsman, 1997; Smitsman & Bongers, in press). It rests, for instance, on the way
hand-held tools modify the geometrical and dynamical properties of the action system.
Such modifications set the stage for configuring new forms of behavior, obtaining new
goals, and performing new tasks. For example, as a device to reach, the arm extends
further in space when the hand holds a stick. As a consequence, surfaces that previously
could not be touched because they were too far away or might have hurt the skin can
now be touched safely. Of course, new opportunities arise given that the infant is able to
take advantage of the changed metrics and dynamics of the action system that now
includes the stick. Holding a stick also means that forces exerted on surrounding surfaces
will change depending on the length, shape, and center of mass of the object. Forces also
change for the arm that holds the stick and the rest of the body that ensures a stable
posture. A child, who can take advantage of these changes, has new resources for engag-
ing in new relationships with the environment and discovering new affordances. Envi-
ronmental properties, before with no meaning for action, become affordances and existing
affordances lose their meaning depending on how the action system is modified and the
behavioral patterns the infant configures due to these modifications. In earlier sections,
we saw flexibility in the way bodily components can be assembled for a task and in the
way modifiable dynamical characteristics such as muscle stiffness can be regulated. Tool
use highlights a new kind of flexibility, namely, the possibility of instantaneously and tem-
porarily modifying the components themselves of the action system for a task. In a sense,
in tool use the child becomes the creator of himself or herself, of course aided by the
diversity of implements that are available for action in the social environment within
which he or she grows up. Tool use means that the capacity to act is no longer solely dis-
tributed over the body but also over the environment from which elements can be taken
to enhance the capacity for a task.

Some Future Goals of Action Research

The dynamic systems view discussed in this chapter addresses postures and movements
to perform a task and their kinematics as emergent properties of underlying dynamic
systems or regimes. An infant selects and regulates such regimes in coupling the multi-
ple components of his or her action system over time. Therefore, a key question in study-
ing an infant’s actions and the way these develop consists of unraveling the dynamic
organizations that underlie action and the sensory information that becomes available as
part of the activities to guide performance of a task. This question includes the different
components of action systems. Their dynamic, geometric, and information-gathering
properties in relation to affordances that fit those components form the basis for estab-
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lishing a particular regime. Changes in components throughout life affect the underly-
ing dynamics of action systems, perturbing prevailing behavioral organizations. But these
changes also provide new dynamic regimes for selection, given the affordances the envi-
ronment provides for those regimes. In that case they challenge engagement of new rela-
tionships with the animate and inanimate environment. This occurs when an infant’s
body grows rapidly and new affordances become available for action, but also as a result
of growing action skills. A consequence of such skills is that they allow the infant instan-
taneously and temporarily to vary the characteristics of an action system. As we have seen,
the growing ability to manipulate objects at the end of the first year of life enables the
child to use objects he or she manipulates as tools. By modifying the dynamic, geomet-
ric, and information-gathering characteristics of an action system, control problems
caused by limitations of the system can be solved and relationships with the surrounding
that otherwise would be impossible can be engaged. Humans have exploited this oppor-
tunity the environment provides to great length as long as they have existed. In every
society, all kinds of artifacts and practices challenge the child to modify his or her action
systems, constrain the relationships she or he engages, and the action skills, knowledge,
and insights he or she develops (Smitsman & Bongers, in press). In sum, the core devel-
opmental issue for understanding infants’ actions involves unraveling the dynamic
regimes an infant explores and selects as a function of changes in dynamical, geometri-
cal, and information-gathering characteristics of a system’s components. Studying such
questions will also deepen our insight into what agency entails, a term used at the begin-
ning of this chapter to describe infants’ behavior. Agency is expressed in an individual’s
exploration and selection of existing means and new means as they become available, and
in the construction of other means when existing ones fail. This capacity enables infants
to develop when bodily and environmental components change as a result of growth, or
otherwise. It enables toddlers and older individuals to regulate such changes in tools they
select to overcome limitations for action and development. From this perspective, tool
use could be a fruitful field in which to study development and agency, because it allows
us to vary the underlying dynamics of an action system more systematically. Its study may
also deepen our insight into how culture contributes to development.

Further Reading

Bertenthal, B. I., & Clifton, R. K. (1998). Perception and action. In W. Damon, D. Kuhn, & 
R. S. Siegler (Eds.), Handbook of child psychology: Vol. 2. Cognition, perception, and language (pp.
51–102). New York: Wiley. An invaluable overview of the theoretical insights, issues, methods,
and results that guided research of the last two decades on the development of action in the first
years of life. Overview focuses on basic orientation, manipulation, and locomotion.

Goldfield, E. C. (1995). Emergent forms: Origins and early development of human action and per-
ception. New York and Oxford: Oxford University Press. This book is written for a broad 
readership. Interdisciplinary in its scope, it integrates insights from different disciplines and per-
spectives. These include James Gibson’s ecological psychology of perception and action, biome-
chanics, the dynamic systems approach, in particular the principle of self-organization, and
biological principles of morphogenesis and selection. Combining these insights provides a fresh
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and intriguing, broad and in-depth view on the emergence of new patterns of behavior in normal
and physically handicapped children during the first years of life.

Hopkins, B., & Butterworth, G. (1997). Dynamical systems approaches to the development of
action. In J. G. Bremner, A. Slater, & G. Butterworth (Eds.), Infant development: Recent advances
(pp. 75–100). Hove: Psychology Press. This book provides a readable synopsis of the major 
concepts of dynamic systems theory and their application to the study of action and its 
development.

Reed, E. S. (1996). Encountering the world: Toward an ecological psychology. New York: Oxford 
University Press. Elaborating from James Gibson’s ecological-psychological perspective and 
evolutionary perspective, this book presents a fascinating in-depth view of the significance 
of the concept of agency and action systems for understanding the evolution and onto-
genesis of living organisms, including human beings, in their animate and inanimate 
surroundings.

Thelen, E., & Smith, L. B. (1994). A dynamic systems approach to the development of cognition and
action. Cambridge, MA: MIT Press. This book provides a readable, provocative, and insight-
ful view of the dynamic systems approach and its significance for the study of development 
in general, and action in particular, as contrasted to more traditional approaches. The 
book reviews research performed by Thelen and her colleagues and that of others to highlight
the power of the dynamic systems perspective for answering (traditional) developmental 
questions.
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Chapter Four

Cognitive Development: Knowledge of 
the Physical World

J. Gavin Bremner

Theoretical Overview

The term cognition is generally used to describe psychological processes that in some way
go beyond straightforward perception. Conventionally, there are two respects in which
cognition has been identified as vital for a full awareness of the world. First, it has been
claimed that cognitive processes are required to interpret and organize perception:
although perception may provide rich information about the physical world, at least 
until recently the notion has been that meaning and other types of high-level struc-
turing can only be attached to perceptual experience through the functioning of cogni-
tive interpretative processes. Second, there is the argument that cognition involves the
process of mental representation, a process that supports mental activity in the absence 
of relevant perceptual input. Thus, cognitive processes are seen as structuring and 
interpreting perception, and function both in the presence and absence of perceptual
subject matter.

Piaget’s (1936/1954) account of the development of sensorimotor intelligence in infancy
is based on the principle that cognitive development occurs through a process of con-
struction in which individuals develop progressively more complex knowledge of the
world through their actions in it. The crowning achievement of sensorimotor intelligence
is the emergence of mental representation, making possible the awareness that objects
remain permanent even when out of sight, and although from the middle of the period
onwards evidence for representational ability begins to emerge, it is only at the end 
of the period that representational processes become truly independent of perception 
and action.

In recent years, there have been a growing number of challenges to constructionist
accounts of this sort. These have been based on growing evidence for sophisticated aware-
ness of the world in very young infants, and have been in two quite distinct forms. First,
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based on Gibsonian theory of direct perception (J. J. Gibson, 1979), investigators have
argued that perception of environmental structures and even their meanings is objective:
the structure is out there and can be directly perceived in relation to the individual’s acts
(E. J. Gibson, 1977). As we shall see, this account leaves no place for representation in
everyday awareness of the world: perception is knowing, and there is no need to invoke
representational processes to explain development during infancy. In contrast, nativist
theorists see cognitive processes as central, but rather than see them as constructed from
scratch, postulate innate mental structures and processes which they believe are necessary
to explain the impressive abilities of young infants (Baillargeon, 1993; Spelke, Breinlinger,
Macomber, & Jacobson, 1992).

In the following sections, compelling evidence that young infants respond to high-
level properties of perceptual input will be reviewed. Most of the evidence pointing 
to psychological precocity arises from versions of habituation–novelty tasks (see 
chapter 2). In what are often called violation of expectancy tasks, this technique has 
been extended to investigate infants’ knowledge of the world by familiarizing them 
to lawful events and then presenting test events, one of which violates certain physical
rules of object movement, stability, etc. Longer looking at the violation event is inter-
preted as indication that the infant has noted the violation and is thus aware of the 
principle in question. Recently, however, there has been a serious challenge to cogni-
tive interpretations of this sort, it being argued that positive results from violation of
expectation studies can actually be interpreted in terms of low-level properties of atten-
tion and perceptual memory (Bogartz, Shinskey, & Speaker, 1997; Haith, 1998; Willatts
& Fabricius, 1999). Given the crucial importance of establishing an appropriate level of
interpretation of these data, this controversy will be a major focus in the sections that
follow.

A further important objective in relation to claims about early cognitive competence
is to explain why early awareness of properties like object permanence and causality 
is not revealed in the infant’s actions until much later. Although Piaget’s construc-
tivist theory has suffered growing criticism, the data on which he based it, revealing 
limitations in infants’ actions toward objects, replicate readily. For instance, we are 
left to explain why, if young infants understand the continuing existence of hidden 
objects (object permanence), they do not reveal this understanding in their manual 
search for hidden objects until the age of 9 months or later. Recently, there has been a
renewed focus on deficits in search by infants around 9 months of age and older, and
various accounts have emerged to explain why these errors exist. In one way or another,
all these accounts lay stress on the developing relationship between perception and 
action, and here a recent theoretical orientation has gained popularity. According to
dynamic systems theory, psychological development is the outcome of self-organization;
complex systems progress naturally through states of instability followed by new, rela-
tively stable states, and very subtle and often simple factors are capable of triggering highly
complex changes (see chapter 3). In many respects, this approach to development is
similar to Piaget’s constructionism. But in replacing construction with self-organization,
it shifts the emphasis away from mentalistic theorizing toward theorizing about 
organization that is distributed across the system rather than situated in hypothetical
mental structures.
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However, there are other viable candidate accounts of errors in action. Diamond 
(1985; Diamond & Goldman-Rakic, 1989) suggests that immaturity of frontal cortex
leads to inability to both represent hidden objects and inhibit past actions. This account
is a good example of a cognitive science approach to developmental questions, with its
interdisciplinary emphasis on coordinating evidence about development of brain and
behavior. A related approach is neural network and connectionist modeling, in which the
primary base for model-building is computer modeling of hypothetical neural systems
connecting perception and action. Munakata, McClelland, Johnson, and Siegler (1997)
have developed a neural network model that explains object search errors in terms of 
relative strengths of active memory for the object and latent memory based on past 
experiences.

As we shall see, to a greater or lesser extent each of the above models manages to explain
search errors without being challenged by the evidence of earlier object knowledge
revealed by habituation–novelty tasks. However, there remains considerable doubt as to
which of these accounts is more appropriate, and the problem of interpreting both the
habituation–novelty evidence and the object search evidence persists. The following sec-
tions of this chapter will review research evidence on these topics, and the final section
will revisit the theoretical issues outlined here and propose a developmental account that
integrates both the evidence for early competence and later emerging skill in self-guided
action.

Development of Object Knowledge

Historical Background

Until the 1960s, the dominant account of the development of object knowledge stemmed
from Piaget’s theory of sensorimotor development. According to him, infants are born
without knowledge as such but are equipped with particular ways of functioning in 
their environment which ensure construction of progressively comprehensive knowl-
edge of the properties of the world. As new objects or events are perceived and acted 
on they are incorporated (assimilated) within existing sensorimotor knowledge struc-
tures, and as a consequence, these structures are modified (accommodated) in order to
incorporate the new information contained in these objects or events. During infancy,
knowledge is in the form of structures coordinating perception and action (hence sensori-
motor), and it is only toward the end of the sensorimotor period that infants develop
mental structures based on representations of reality. Thus, development of mental 
representation is the key achievement of the infancy period. As a result, there is little 
surprise that Piaget placed so much stress on the development of object permanence 
(the knowledge that objects have continuity of existence even when out of sight), 
because according to him this property of objects can only be appreciated through mental
representation.

According to this account, object permanence begins to emerge around 8 or 9 months,
as evidenced by the emergence of search for hidden objects. However, this was an ele-
mentary form of awareness, and it is only by the end of the sensorimotor period that
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object representation loses its dependence on perception and action. In a later section,
the evidence on search errors on which Piaget based his claims, and the body of work
which continues to develop around these phenomena, will be reviewed. However, the
most striking challenge to constructionist accounts has come from work, commencing in
the 1960s and continuing today, suggesting that very young infants have sophisticated
awareness of the physical world well before they are able to search for objects.

Work carried out in the 1960s by T. G. R. Bower and his associates had a strong influ-
ence on thinking about young infants’ abilities. A major limitation of object search tasks
as measures of object knowledge is that infants only begin to search for hidden objects
sometime around 8 months of age, and Bower recognized that other means were needed
to investigate object knowledge in very young infants. He developed a family of inge-
nious techniques, mainly based on measuring infants’ response to events that violated
physical principles, the rationale behind these being that if infants registered surprise at
a violation event, we could conclude that they had knowledge of the physical principle
being violated. Thus, for instance, he presented infants with an object which was gradu-
ally occluded by a moving screen. After this event, the screen’s movement was reversed,
either to reveal the object as before or to reveal an empty location (Bower, 1966). Using
heart-rate change as a measure of surprise, Bower measured greater surprise at nonreap-
pearance by infants as young as 20 days. With these very young infants, this effect dis-
appeared for longer occlusion times, indicating that it was based on fairly fragile and
transient awareness. In contrast, older infants tolerated longer occlusion times. Bower’s
conclusion was that even in the first month of life, infants understand object permanence,
knowing that an object that had disappeared through an occlusion event should reappear
when the occluder was removed.

Bower and his colleagues carried out similar studies involving objects that moved
behind occluders, violation trials involving reemergence too soon for the rate of move-
ment at disappearance, or emergence of a new object on the same trajectory (Bower,
Broughton, & Moore, 1971). Results revealed that very young infants note trajectory vio-
lations but only after 6 months note changes in object form, and Bower developed an
account according to which infants, despite precocious knowledge of object permanence,
fail to identify moving and stationary object as the same entity. However, there were a
number of criticisms of Bower’s conclusions (Goldberg, 1976; Moore, Borton, & Darby,
1978) and failures of replication (Meicler & Gratch, 1980; Muller & Aslin, 1978), and
it was about a decade before other investigators developed techniques that appeared to
be able to tackle the same questions with fewer attendant interpretative problems.

Research on Young Infants’ Object Knowledge

Perception of object unity

Some of the evidence relating to object knowledge and permanence arises from habitua-
tion–novelty studies of infant perception (see chapter 1), specifically, perception of object
unity. The initial study on which much recent work has been based was by Kellman and
Spelke (1983). Four-month-old infants were habituated to a rod that moved back and
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forth behind a box, and were then tested for novelty preference on two displays in which
the box was absent: (a) the two rod parts (what they had literally seen of the rod during
habituation) and (b) a complete rod (Figure 4.1). Infants showed a novelty preference for
the two rod parts, indicating that, during habituation, they had perceived a complete rod
moving behind the box. This phenomenon, in which infants are apparently “filling in”
the absent part of the rod, may be compared to object permanence, in which the infant
represents the whole absent object. This work has been extended to show that infants rely
on a variety of perceptual information to segregate surfaces and perceive object unity
(Johnson & Aslin, 1996; Johnson & Náñez, 1995). For instance, depth information pro-
vided by a background texture is necessary if 4-month-olds are to detect object unity in
computer-generated versions of the rod and box display.

These effects are only obtained if the occluded object is in motion, pointing to the
possibility that common motion is an important factor in perception of unity. But it
appears that common motion is not a sufficient factor for detection of object unity.
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Figure 4.1 A subset of the stimuli used by Kellman and Spelke (1983) to investigate young infants’
perception of object unity. (Reprinted with permission from Academic Press)



Johnson and Aslin (1996) showed that 4-month-olds did not perceive object unity in 
displays in which the rod was a dog-leg form with unaligned, differently oriented 
visible parts or if the visible parts, although parallel, were out of alignment. Thus, 
alignment of parts as well as common motion appears to be important. However, 
other higher-level stimulus properties appear to be important, too. Johnson, Bremner,
Slater, and Mason (2000) showed that 4-month-olds perceived object unity in displays
in which the occluded object was a circle or a cross (see Figure 4.2). In both cases,
although there was no alignment of figure elements immediately either side of the occlud-
ing box, infants were apparently using the principle of overall figural “goodness” to per-
ceive object unity.

Interestingly, perception of object unity in these displays appears to develop between
birth and 2 months. When newborns were tested on the Kellman and Spelke display,
they showed a preference for the complete rod (Slater, Johnson, Brown, & Badenoch,
1996), indicating that during habituation they perceived what was visible, the two rod
parts, treating the complete rod as novel. However, by 2 months, infants have been found
to perceive object unity, provided the occluding box is narrow (Johnson & Aslin, 1995).

Strangely, these effects do not appear to apply to all forms of object movement.
Although positive results are also obtained for vertical translations and movements in
depth (Kellman, Spelke, & Short, 1986), negative results are obtained at 4 months for
rotational movements (Eizenman & Bertenthal, 1998). There is a developmental pro-
gression here, however, because Eizenman and Bertenthal showed that 6-month-olds per-
ceived object unity in both the rotating and translating rod tasks. Interestingly, the way
in which relative motion is generated between occluded object and its occluder also deter-
mines perception of unity, because Kellman, Gleitman, and Spelke (1987) found that 
relative motion generated by movement of the infant rather than by movement of the
occluded object did not lead to perception of unity.

In summary, although perception of object unity appears to imply something about
the permanence of the hidden parts of an object, the processes leading to it may have
more to do with Gestalt-like perceptual processes than with awareness of object perma-
nence. The likelihood remains, however, that there is a developmental link between per-
ception of unity and object permanence.
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Figure 4.2 Habituation stimuli used by Johnson et al. (2000). After habituation to either the circle
or cross display, infants are presented with test displays with the occluding bar removed, consist-
ing of either a complete cross or circle, or the same with the previously occluded part omitted.
(Reprinted with permission from Academic Press)



Violation of expectancy as a measure of infant knowledge

The technique used in many recent studies of object knowledge involves familiarizing
infants with an event sequence and then presenting them with test events which either
do or do not violate the physical principle under test. The procedure here is similar to
habituation studies of perception, with an important difference. It is assumed that infants
will look longer at events that violate physical principles rather than events that are simply
perceptually novel. So increased looking at a new event sequence indicates more than
surface discrimination: it indicates not just that something is different but that something
is wrong with the new event. If this interpretation is appropriate it is possible to diag-
nose the level of infants’ awareness of object permanence or the rules by which one object
moves relative to another, because if they note a violation they must be aware of the prin-
ciple that has been violated. One of the first studies to use this technique was carried out
by Baillargeon, Spelke, and Wasserman (1985). In what is often called the drawbridge
task, 5-month-old infants were familiarized with a repeated event in which a flap rotated
from flat on the table through 180 degrees. From the infant’s perspective, this would look
like the raising of a drawbridge, except that the rotation went through a full 180 degrees.
After familiarization, two types of test event were presented, in both of which a cube was
placed in the path of the flap (Figure 4.3). In a “possible” test event, the flap rotated but
came to a stop on making contact with the cube, whereas in an “impossible” test event,
it rotated through 180 degrees as usual, appearing to annihilate the cube in the process.
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Figure 4.3 The infant’s view of the possible and impossible events in Baillargeon et al. (1985).
(Reprinted from Cognition, 20, Baillargeon et al., “Object permanence in five-month-old infants,”
191–208, copyright © 1985, with permission from Elsevier Science)



Note that this comparison nicely creates an opposition between surface event similarity,
in which the impossible event (full 180-degree rotation) is more similar to the familiar-
ization event than is the possible event (less than 180-degree rotation), and event law-
fulness, in which only the impossible event presents a violation of physical reality. Thus,
if infants were simply dishabituating on the basis of perceptual dissimilarity, we would
expect more looking at the possible event where there is both a new object (the block)
and a different rotation. However, they actually looked more at the impossible event. The
conclusion was that infants of this age both understand object permanence and know
that one object cannot move through another.

This initial finding was later replicated with infants as young as 3.5 months old 
(Baillargeon, 1987a). Additionally, Baillargeon (1987b) used the same technique to in-
vestigate the accuracy with which older infants could anticipate events of this sort. She
found that 7-month-olds had quite precise expectations about such collisions, expecting
that the screen would stop rotating sooner if the cube was larger or closer to the screen,
but expecting it to stop later if the object in its path was compressible.

Figure 4.4 illustrates another application of this approach (Baillargeon, 1986). Infants
were familiarized with an event sequence in which a toy truck rolled down a ramp and
passed behind a screen (prior to each trial the screen was raised, revealing nothing behind
it, and lowered again). After familiarization, infants saw one of two test events. In the
possible event, a block was placed behind the screen, but behind the track so that it did
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Figure 4.4 The procedure used by Baillargeon (1986) to investigate young infants’ object knowl-
edge. The familiarization event is at the top and the two test events are shown below. (Reprinted
from Cognition, 23, Baillargeon, “Representing the existence and the location of hidden objects:
Object permanence in 6- and 8-month-old infants,” 21–41, copyright © 1986, with permission
from Elsevier Science)



not obstruct the path of the truck. In the impossible event, the block was placed behind
the screen on the track, so that it presented an obstruction. In both cases, the screen was
raised to reveal the block and lowered again, whereupon the truck rolled down the track
and reemerged from behind the screen as usual. Baillargeon found that 6- to 8-month-
olds looked longer at the impossible event, a finding replicated by Baillargeon and DeVos
(1991). Apparently, infants not only appreciate the continued existence of the block but
can use precise memory for its position to reach a conclusion about whether or not the
truck event is possible.

Spelke et al. (1992) used modified versions of this task to test even younger infants.
In one case, they familiarized 2.5-month-olds to an event in which a ball rolled behind
a screen, whereupon the screen was lifted to show that the ball had come to rest against
an end wall. On test trials, a box was placed in the path of the ball so that when the
screen was lowered only the top part of the box was visible. Two events followed, a pos-
sible event, in which removal of the screen revealed the ball resting against the box having
collided with it, and an impossible event in which the object was revealed resting against
the end wall, having apparently passed through the box to come to rest in its usual place.
Infants looked longer at the impossible event, suggesting that 2.5-month-olds can detect
the position of the whole box from perception of a visible part, and understand that one
object cannot move through another in its path.

This approach can be used to investigate infants’ understanding of a wide range of
object properties. For instance, Baillargeon and DeVos (1991) investigated infants’ aware-
ness of how the dimensions of an object affect its visibility as it passes behind a screen.
They used the arrangement shown in Figure 4.5, first to familiarize infants with an event
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Figure 4.5 The stimuli used by Baillargeon and DeVos (1991) to investigate how infants’ knowl-
edge of how the size of an object affects its visibility. (Reprinted with permission)
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Figure 4.6 The displays used by Rochat and Hespos (1996) to investigate infants’ awareness of
how the trajectory of an object affects its final orientation. (Reprinted from Cognitive Development,
11, Rochat & Hespos, “Tracking and anticipation of invisible spatial transformations by 4- to 8-
month-old infants,” 3–17, copyright © 1996, with permission from Elsevier Science)

in which either a tall or a short carrot moved behind a screen, to reemerge at the oppo-
site side. Test trials were followed with a new screen with a window cut in it. The size of
the window was such that the small carrot would not appear there, whereas the top of
the large carrot would appear. But neither the small or the large carrot appeared at the
window on these test trials, making the small-carrot event sequence lawful and the large-
carrot event sequence unlawful. Three-and-a-half-month-old infants looked more at the
unlawful test event, leading to the conclusion that they have a good awareness of the con-
ditions under which one object will occlude another.

Another study investigated infants’ understanding of how an object’s trajectory affects
its final orientation. Rochat and Hespos (1996) exposed 4- to 8-month-olds to an object
moving either on a linear vertical trajectory or a rotating circular trajectory (see Figure
4.6). In each case, the object ended its movement behind a screen, which was then lifted



to reveal it either in its original orientation (correct for the linear trajectory), or inverted
(correct for the rotational trajectory). In the linear trajectory condition, 4-month-olds
and older looked longer at the inverted object, whereas in the rotational trajectory con-
dition, they looked longer at the object in its original orientation. In other words, they
looked longer at the impossible outcome in each case. Further evidence indicated that
these looking tendencies depended on perception of the movement information prior to
object disappearance, and Rochat and Hespos interpret this as evidence that infants are
able to predict object orientation on the basis of trajectory information.

Needham and Baillargeon (1993) investigated infants’ knowledge of the conditions
under which one object provides support for another by presenting events in which an
object moved along a support to a point at which it either remained supported or should
fall off. Their finding was that infants of 4.5 months appear to treat contact as sufficient
for support, failing to identify the degree of support necessary. Baillargeon, Needham,
and DeVos (1992) showed that, in contrast, 6.5-month-olds had developed a more
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sophisticated understanding, recognizing when contact was insufficient to provide
support.

Two studies (Spelke et al., 1992) indicate that young infants have general problems in
understanding movement under gravitational force. In the first, 4-month-old infants were
habituated to a sequence in which an object fell behind a screen, which was subsequently
lifted to reveal it at rest on a surface (see Figure 4.7a). On test trials, a higher shelf was
introduced (still behind the screen when it was down), the object was dropped, and
infants either saw an end result of the object resting on the shelf, or the object resting on
the original (lower) surface. Infants looked longer at the latter (impossible) outcome, sug-
gesting that they understood movement under gravity and the solidity constraint of the
interposed shelf. However, this conclusion is shown to be premature by the results of a
follow-up study in which the same 4-month-olds were presented with, effectively, the
initial study in reverse. Infants were habituated to events in which an object fell behind
a screen, on removal of which it was revealed at rest on a raised shelf (Figure 4.7b). Test
trials were done with the shelf removed. Again the ball fell behind the screen and the
screen was lifted to reveal it either at rest on the lower surface or suspended in mid-air
just where the shelf had previously supported it. Under these conditions, 4-month-olds
looked longer at the first outcome, despite the fact that this was the appropriate end point
of a movement under gravity. Spelke et al. (1992) conclude that young infants do not
understand inertia (that objects do not change direction or rate of movement suddenly
or without the operation of some external force) or gravity (that objects move downwards
in the absence of support).

Object segregation, numerical identity, and numerical knowledge

O 
Piaget (1936/1954) noted that infants had difficulty segregating objects placed in contact,
and Kestenbaum, Termine, and Spelke (1987) showed that 3-month-olds segregated
objects that were separated in depth but not objects that were adjacent in depth. Needham
and Baillargeon (1997) investigated conditions under which infants detect objects as sep-
arate or interconnected. Their finding was that when two objects are in contact, infants
of 8 months generally treat them as interconnected and so expect them to move together.
However, a nice additional finding was that a prior demonstration that a blade could be
passed between the objects at the point of contact led infants to expect them to move
separately. Additionally, they showed that prior experience, in the form of previously
seeing two objects singly, led 4-month-olds to segregate them when they were presented
in contact (Needham & Baillargeon, 1998). Furthermore, Needham (1998) showed that
4-month-olds could use featural information to segregate objects in simple arrays, and
that 7-month-olds could do so in the case of arrays that were in principle harder to seg-
regate. There is a natural link here to numerical knowledge, because segregation of the
world into separate units is a precondition for enumerating them.

N 
Several studies have investigated knowledge of number in an indirect way which ties in
directly with work on object identity. For instance, Xu and Carey (1996) investigated 
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Figure 4.7 Displays used by Spelke et al. (1992) to investigate infants’ understanding of how
objects move under the effect of gravity. (Copyright © 1992 by the American Psychological Asso-
ciation. Reprinted with permission)

10- to 12-month-olds’ use of featural versus spatiotemporal knowledge to decide whether
one or more than one object was involved in the tested events. In a discontinuous condi-
tion, infants were shown events in which one object was seen to emerge and then disap-
pear behind one screen, followed by emergence of an identical object from a second
screen, whereas in a continuous condition, the events were the same except that a single



object contributed to the event, traveling between the screens. After repetitions of these
events, the screens were lowered to reveal either one or two objects (see Figure 4.8). Infants
in the discontinuous condition looked significantly longer at the one-object outcome,
whereas those in the continuous condition looked marginally significantly longer at the
two-object display. These results were taken as evidence that infants use continuity/dis-
continuity of movement as a means of estimating the number of objects involved: when
the screens were removed infants in the discontinuous condition expected two objects
and those in the continuous condition expected one object. However, in a similar study
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Figure 4.8 The discontinuous movement event used by Xu and Carey (1996) to investigate
infants’ knowledge of numerical identity. After familiarization with the event sequence, the screens
are removed to reveal either one or two objects. The continuous event sequence differs only in the
respect that a single object is involved which thus appears between the screens as well as to left
and right. (Reprinted with permission from Academic Press)



with a single screen and distinct objects, infants showed no evidence of expecting to see
two objects when the screen was removed. Xu and Carey therefore proposed that 10-
month-olds do not use featural information to individuate objects.

Working with much younger infants, Spelke, Kestenbaum, Simons, and Wein (1995)
obtained rather similar results to those of Xu and Carey in their first experiment. Fol-
lowing a two-screen task, 3- and 4-month-olds showed different looking preferences for
one or two objects dependent on whether they had seen no object between screens or a
continuous movement past both screens. However, when two screens were replaced by
one, and events corresponded to a single object moving back and forth on a constant tra-
jectory, 3- to 4-month-olds provided no evidence of using this constant trajectory infor-
mation (what Spelke et al. called smoothness of motion) to determine that only one object
was involved. This may not be so surprising, because the events in question could be pro-
duced by one or two objects. However, in a subsequent experiment, Spelke et al. (1995)
found that infants showed no evidence of using violation of trajectory (early or instanta-
neous reemergence) to conclude that two objects were involved.

Wilcox and Baillargeon (1998) suggest that tasks of this sort may underestimate young
infants’ ability because of their complexity. They draw a distinction between “event-
mapping” tasks, in which infants make a judgment about an end event in terms of earlier
events, and “event-monitoring” tasks, in which all the information is based in the event
itself, and claim that the former are in principle more complex than the latter. In support
of this claim, they replicated Xu and Carey’s results in a similar event-mapping task, 
but obtained positive results with infants as young as 7 months in an event-monitoring
task. This task was ingeniously designed to investigate infants’ inferences about the
number of objects involved in the event. Infants saw one object move behind a screen
and a distinct one reemerge at the other side under two conditions. In a wide-screen con-
dition, the screen was large enough to hide both objects, whereas in a narrow-screen con-
dition, it could hide only one object. Infants of 7 to 9 months looked longer at the
narrow-screen event, suggesting that they knew that the change in object form indicated
a different object and that this was an impossible sequence only when the screen was too
narrow to hide both. It is possible, however, that the difference in screen width might
explain this effect. Wilcox and Baillargeon controlled for this by testing infants again 
with the narrow screen, using smaller objects both of which could be concealed behind
it, and finding that infants treated this event in the same way as the wide-screen event
with larger objects.

N 
Earlier work established evidence that quite young infants were capable of discriminat-
ing small numbers. Starkey and Cooper (1980) habituated 4- to 7-month-old infants to
patterns of a particular number of dots (two or three) and tested for dishabituation to
the other number (three or two). They also included a large number condition in which
there were either four or six dots. Infants dishabituated to number change in the small-
number but not in the large-number condition. This supported their supposition that
infants’ number discrimination was based on subitizing, an ability to enumerate number
perceptually which is limited to small numbers. Additionally, the negative result with
larger numbers serves to make unlikely discrimination on the basis of lower-level stimu-
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lus properties such as contour density or brightness differences, because these differences
were actually greater in the large number arrays. Starkey, Spelke, and Gelman (1990)
reduced further the possibility that discrimination between arrays could be based on
lower-order perceptual properties by habituating infants to pictures of sets of dif-
ferent objects in different spatial arrangements which were always in groups of the same
number, testing them on sets of novel objects in novel arrangements that were either the
same or different in number. Despite the fact that all test arrays contained novel objects
in novel arrangements, 6- to 9-month-olds looked longer at arrays containing a novel
number of objects. In addition to confirming the earlier work, this result suggests that
infants’ discrimination of number is not limited to comparisons between sets of identi-
cal objects, a limitation that had at one time been assumed to apply to young children’s
enumeration of sets. And results of this sort are not limited to infants of 4 months and
over, because Antell and Keating (1983) replicated Starkey and Cooper’s results with
newborn infants.

There is also evidence that 6-month-olds are capable of discriminating large number
arrays, such as 8 versus 16 (Xu & Spelke, 2000). However, discriminations of this sort
are conditional on the ratio being large. That is, infants discriminate between 8 and 16,
but not between 8 and 12. Thus, Xu and Spelke conclude that what is being uncovered
here is an ability to represent approximate numerosity, probably subserved by the differ-
ent system from the one supporting small-number discrimination.

Perception of number does not appear to be limited to the visual modality, or indeed
to one modality. Starkey et al. (1990) also showed that infants were capable of detecting
the numerical equivalence between sets of objects and groups of sounds. Six- to 8-month-
olds were presented with pairs of visual arrays, one containing two and the other three
objects, while a drumbeat pattern of either two or three beats was presented. They found
that infants looked longer at stimuli containing the same number of objects as the number
of drumbeats presented.

These are striking results, particularly because the abilities attributed to infants are
greater than have so far been shown in preschool children. However, they have not gone
unquestioned. For instance, Moore, Benenson, Reznick, Peterson, and Kagan (1987) and
Mix, Levine, and Huttenlocher (1997) obtained the opposite auditory–visual matching
result, finding that infants looked longer at the display that was not numerically equiva-
lent to the sound pattern. This in itself is not a fatal problem, because the opposite effect
still implies detection of a consistent relationship between auditory and visual numer-
osity. And there is no reason to assume that infants should look at the pattern with the
same number rather than the pattern with a different number. However, the inconsis-
tency of results raises concern about the reliability of the techniques used. In addition,
Mix et al. (1997) point out that the auditory–visual correspondence could be based on
an imprecise match in quantity between visual array and sound. Furthermore, in previ-
ous work, auditory numerosity was always confounded with either pattern frequency or
pattern duration, and when Mix et al. (1997) randomized these variables within the task,
they found no significant preference for either the corresponding or different number
visual array. However, randomly altering these variables may add an attention-getting
factor to the task that distracts infants from the numerical correspondence. So it may be
that this test is too strong. The positive results, despite their inconsistency, suggest that
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at least some rather global notion of quantity is present in the first year of life. If it does
not constitute numerical competence, it is probably one of its important developmental
precursors.

Wynn (1992, 1995) carried out a number of ingenious studies designed to go beyond
research on numerical correspondence, to establish whether infants possess a number
system as such, that is, whether they understand numerical operations such as addition
and subtraction. Her basic method is illustrated in Figure 4.9. In the addition task, infants
are presented with a single object, a screen is raised to hide it, whereupon a hand appears
with a second object and places it behind the screen (the addition operation). The screen
is then lowered for the test trial to reveal either one object (original array but impossible
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Figure 4.9 Displays used by Wynn (1992) to investigate infants’ knowledge of addition and sub-
traction. The addition event sequence is above and the subtraction event sequence below.



given addition of the second object) or two objects (novel array but correct given addi-
tion). In the subtraction task, two objects are presented initially, and the hand removes
one once they are screened. Thus in this case on the test trial the single-object outcome
is correct and the two-object outcome is incorrect. Four- and 5-month-olds performed
differently on the test trials, looking longer at the single object in the addition case and
longer at the double object in the subtraction case. Wynn concluded that infants have 
an understanding of addition and subtraction, but recognized that this could be a very
approximate system in which any larger or smaller number would be accepted as the result
of addition and subtraction respectively. Thus she conducted a further study in which 4-
month-olds were exposed to the 1 + 1 addition task and on test trials were presented with
either two or three objects. Infants looked longer at the three-object outcome, and Wynn
concluded that their knowledge of addition was quite precise, to the extent that they
expected precisely two objects and just not more objects to result from a 1 + 1 opera-
tion. To explain these abilities, she proposes an accumulator mechanism (originally devel-
oped by Meck & Church, 1983, to account for discrimination of number by rats) through
which discrete pulses for each object “counted” are passed into an accumulator, and rela-
tive numerosity judgments are then based on the fullness of the accumulator between the
two sets of objects “counted.”

In conclusion, there is fairly good evidence that young infants can discriminate small
numbers, both within and across modalities, and that they are aware of the outcome 
of simple addition and subtraction operations. Additionally, they appear to predict the
number of objects involved in certain events. All this evidence relates to very small
numbers of objects, and it appears likely that perceptual processes such as subitizing
support this early ability. Despite the negative results with larger numbers of objects, there
is evidence that infants respond to the perceptual correlates of number in larger number
arrays. Tan and Bryant (2000) have shown that 6-month-olds respond to changes 
in density and (under certain conditions) changes in length accompanying changes in
number in arrays of four to six objects. Although we cannot conclude from this evidence
that infants are enumerating the arrays, by 6 months they are responding to perceptual
variables that typically signal changes in number.

Interpreting the Evidence: Must We Assume Innate Cognitive Structures?

Object identity

Taken alone, the results of some of the earlier studies by Baillargeon and Spelke suggest
that very young infants have an awareness of the world which virtually matches that of
adults. However, the results of these investigations of support and connectedness indicate
a qualification to such a conclusion. Although young infants do appear to possess a good
basic understanding of physical principles, this becomes more sophisticated as they get
older, and both Baillargeon et al. (1992) and Spelke et al. (1992) argue that initial core
knowledge becomes elaborated through experience. As Baillargeon et al. (1992) put it:
“in their first pass at understanding physical events, infants construct all-or-none repre-
sentations that capture the essence of the events but few of the details. With further expe-
rience, these initial, core representations are progressively elaborated.”
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The picture emerging from this literature is radically different from the conventional
Piagetian constructionism. It is argued that infants are endowed with innate knowledge
and psychological processes. They possess core knowledge concerning fundamental phys-
ical principles of continuity (that objects move on continuous paths) and solidity (that
objects occupy space and no two objects can occupy the same space simultaneously). Early
knowledge, however, is limited, as indicated by the evidence that young infants do not
understand principles of gravity or inertia, and development of further knowledge is based
on experience.

To summarize, young infants possess innate core knowledge of physical principles on
the basis of which they form active representations about events which allow them to
reason about outcomes that are not directly perceived. However, their initial core knowl-
edge accords to certain general truths about physical reality (continuity, solidity) but not
to others (inertia, gravity, smoothness of motion), and experience leads to elaboration of
knowledge around a constant preexisting core.

Other accounts rely on at least the notion that young infants form mental represen-
tations of objects. For instance, as a first stage in their account of the development of
object permanence, Meltzoff and Moore (1998) argue that young infants form represen-
tations of objects that serve to specify their continued existence over breaks in sensory
contact. There are, however, growing criticisms of all these approaches. First, it is not
clear whether the data demand interpretation in terms of cognitive processes, in par-
ticular the notion of infant reasoning. The only factor in moving object studies that
appears to demand interpretation in terms of reasoning, or indeed representation, is the
presence of a screen concealing part of the object’s trajectory. Supposedly, to produce pos-
itive results, the infant must have represented the continuing existence of the screened
object and reasoned about its continued history on the basis of knowledge of physical
reality. However, alternative conceptualizations exist. In particular, one of the principles
of the ecological approach to perception (J. J. Gibson, 1979) is that perceptual input is
dynamic and continuous over time. The movement of an individual through the world
generates a continuous flow of information which specifies the relationship between
objects in the world and their changing relationship to the individual. True, there are gaps
in perception as one object is temporarily occluded by another. But the information flow
before and after occlusion serves to specify the object continuously over this gap: per-
ceptual information specifies the occlusion of a further object by a near one, not its anni-
hilation, and the same applies on its reappearance. Thus, according to ecological theorists,
detection of an object’s spatiotemporal history arises directly from perpetual information
and does not require representational processes or reasoning. In other words, perceptual
extrapolation fills breaks in sensory contact, and there is no need to invoke representa-
tional processes. It may be that there is a parallel here with the work on object unity as
well as Bower’s (1966) early work with a screened stationary object. In object unity
studies, it is deduced that there is persistence of perception across a spatial gap. Similarly,
in the case of a stationary object temporarily hidden from view, there may be persistence
of perception across a temporal gap. And in the case of an object that moves behind a
screen, persistence takes place across a spatiotemporal gap.

Another form of criticism of nativist interpretation gets more to the roots of the tasks
themselves. Investigators such as Bogartz et al. (1997) and Haith (1998) argue that it is
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at least premature to apply interpretations of these recent data, it being possible to explain
much of the evidence in terms of much more basic properties of perception and memory.
One of the puzzles regarding recent studies is why there is a need for initial familiariza-
tion trials prior to test trials. After all, if we are tapping into innate knowledge and rea-
soning processes, violation test trials should be detected as discrepant without prior
familiarization. And yet, it is apparent that positive results depend on prior familiariza-
tion. Possibly, this is because early knowledge is sufficiently weak to require prior repeated
experience of an event to bolster judgment. Alternatively, infants’ responses in these tasks
may reflect detection of a departure from an expectation built up over the series of famil-
iarization trials rather than violation of a core principle of physical reality.

Bogartz et al. (1997) point out how the detection of disparity between familiarization
and test event can be at quite a low level, tapping into basic attentional or perceptual
processes. As already noted, Baillargeon and DeVos habituated infants either to a short
or a tall carrot passing behind a screen, and test trials were identical except that a gap was
cut in the top of the screen which should reveal the tall but not the short carrot. But in
neither test trial did a carrot appear in the gap. Their interpretation is that infants can
reason about visibility on the basis of the height of the carrot. In contrast, Bogartz et al.
(1997) suggest that in the short-carrot display, infants’ attention is attracted to the carrot’s
face and they scan across the screen at that height. Thus they do not notice the change
in the top of the screen. Infants in the tall-carrot condition, however, scan at the higher
level of the carrot’s face, and note the gap on test trials. Thus, increased looking is due
solely to the change in the screen, and whether or not this change is detected is deter-
mined by the attentional focus built up during familiarization. They press home this point
by performing an extended version of Baillargeon and DeVos’s study, using a complex
balanced design in which infants are habituated to either lawful or unlawful events and
are tested on the remaining two events. The outcome was that patterns of increased
looking could be accounted for in terms of perceptual mismatches between habituation
and test events, and that there was no evidence that increased looking was guided by
impossibility of the carrot not appearing at the window.

Other studies also appear to be open to alternative interpretations. For instance, inves-
tigating the drawbridge task (Baillargeon et al., 1985), Rivera, Wakeley, and Langer
(1999) suggest that infants’ longer looking at the impossible event in which the draw-
bridge rotates apparently through the position of the block may be due to a simple pref-
erence for a longer rotation, involving as it does greater perceptual change. Baillargeon
(1987a) dismisses such an interpretation because she found no preference for 112-degree
rotation over 180-degree rotation in a control task in which no block is placed in the
path of the drawbridge. However, these test trials followed normal habituation trials with
the 180-degree rotation, and as Rivera et al. point out, under these circumstances one
would expect a novelty preference for the 112-degree rotation. They hypothesize that
infants actually have a preference for the larger rotation which is lost due to exposure to
this event during habituation, and test this possibility by replicating the Baillargeon tech-
nique omitting prior habituation trials. Under these circumstances, infants show a pref-
erence for the 180-degree rotation, the strength of which is unaffected by whether there
is a block in the path of the drawbridge or not.
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It does appear that the incomplete designs used in much of this work limit the con-
clusions that can be drawn. However, it is not yet clear to what extent this yields inter-
pretative problems across the board. Also, it is true that some of the findings are open to
alternative interpretations that rely on quite simple processes. Typically, however, each of
the findings requires a different low-level interpretation, which leads to the question of
whether such interpretations are really more parsimonious or plausible. Additionally, it 
is very hard to explain some findings in these terms, in particular, the effect obtained by
Baillargeon (1986: see Figure 4.4), in which the difference between possible and impos-
sible test events lay in whether the block lay on or behind the track of the toy truck. It
seems inescapable that, at some level, perceptual or cognitive, infants registered whether
the block obstructed the track or not, and that looking duration was determined by a
combination of this information and the fixed outcome of object reemergence.

Numerical knowledge

It should be noted that, despite the apparently high levels of control in studies of number
discrimination, some workers question whether discrimination of number is really at the
root of the findings. For instance, Clearfield and Mix (1999) point out that number 
was often confounded with total contour (three objects have more total contour than 
two objects of the same size). In a study investigating this, they found that infants 
dishabituated to changes in contour but not to changes in small number (2 vs. 3) with
contour held constant. Thus they conclude that when the appropriate controls are
applied, evidence for number discrimination disappears. In contrast, however, Xu and
Spelke (2000) obtained positive results for large numbers with total contour controlled.
The problem is that certain ways of applying controls may actually suppress an ability
that is really there. Clearfield and Mix presented a block of test trials, each one of which
involved either a change in total contour or a change in number. The change in contour
that they used looks to adult eyes more striking than the change in number, and this may
have led infants to operate at the level of contour rather than number. In contrast, Xu
and Spelke varied contour during habituation trials, holding number constant, a tech-
nique that is more likely to lead infants to focus on number as the constant variable during
habituation.

Haith (1998) criticizes the conclusions that Wynn draws from her work, on the basis
that her results can be interpreted at a simple perceptual level. He bases his argument on
a “thought experiment” in which Wynn’s procedures are carried out exactly the same way
but with the screen absent. In this scenario, impossible outcomes are manifested in the
sudden appearance or disappearance of an object seen to have been removed or added.
His claim is that if one assumes a lingering (though decaying) sensory trace, the two sit-
uations become comparable, and all that infants are responding to is something strange
in the outcome. There is, however, reason to be doubtful about this argument. In the
subtraction conditions in Wynn’s studies, infants do not see the object move from its 
original resting place: they only see it once it emerges from the screen at some distance
from this point, so in some way they have to detect that the object revealed is one of the
two originally seen, inferring rather than directly perceiving that one of them has been
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removed. Indeed, the infant has no way of knowing which object has been removed or
even (without knowledge of object identity) whether the one removed is actually one of
them. And in the addition case, they do not see where the added object is put, so they
have no evidence on which to detect a violation, other than on the basis that the number
of objects is wrong. True, they may detect that something is wrong in the end display
(that being the assumption on which this technique relies), but it is only wrong on the
basis of the number of objects present.

Willatts and Fabricius (1999) present an alternative interpretation based on the notion
that infants only form a representation on the basis of half of the display. Take the case
of subtraction. Half the infants base their representation on the left-hand object, and
because this object is present in both the “expected” and “unexpected” outcome, they
show no preference between the two. The other half focus on the right-hand object, see
it removed, and look longer at the unexpected outcome of its continued presence. The
overall outcome (50 percent no preference plus 50 percent preference for the one-object
display) leads to an overall preference for the “unexpected” outcome. The same logic can
be applied to the case of addition. Half the infants focus their representation on the one
object present before the screen is raised, and show no preference between “expected” and
“unexpected” outcomes because it is present in both. The other half form their repre-
sentation on the basis of the added object, and show longer looking if it is not present
in the test display. This account initially looks plausible, and could be tested by investi-
gating the distribution of preference scores, which should be bimodally distributed about
no preference versus a strong preference for the “expected” display. But it appears to make
some assumptions that may be unwarranted. Presumably even if infants base their rep-
resentation on only one object, all note the addition or removal of an object. The account
is based on the assumption that half the infants treat this event as involving “their” object
and half not. But taking subtraction, would one not assume that an infant forming a rep-
resentation of only one object would assume that the object removed was theirs, and thus
expect no objects as outcome? And in the case of addition, the infants who focus on the
added object (a) do not know where it ends up behind the screen, and (b) have no rep-
resentation of the preexisting object, and so should show no preference for either display.
And this interpretation is made further unlikely by the fact that Koechlin (1994) repli-
cated Wynn’s work using an array that rotated constantly. This result rules out the pos-
sibility that positive results were based on presence or absence of an object at a particular
location.

Summary

Research based on violation of expectancy tasks has yielded a wealth of evidence regard-
ing young infants’ reactions to a variety of events embodying different physical principles
governing the persistence and movement of objects. However, there is a healthy contro-
versy over the interpretation of these results, nativists arguing that they reveal innate core
knowledge and the ability to reason about physical reality, and direct perception theorists
arguing that the phenomena can be explained on the basis of simpler perceptual princi-
ples through which the structure of events is picked up directly and without the need for
mediating cognitive processes. Other workers even question whether the phenomena
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relate to awareness of the assumed physical principles, suggesting that the results are effec-
tively artifacts that can be explained in terms of underlying preferences for particular
events or attentional biases to certain parts of displays. It appears, however, that these
latter accounts struggle to explain the breadth of evidence. My current view is that many
of these studies reveal important information about infants’ early awareness of physical
reality. And if they do not reveal innate knowledge structures, they are almost inevitably
the developmental precursors of the knowledge individuals use to guide action later in
infancy.

Object Search and Object Knowledge

Whatever the final interpretation of the body of work focusing on knowledge of the world
in early infancy, we are left with the problem of explaining the negative evidence regard-
ing rather older infants’ knowledge of objects which is revealed in tasks in which infants
have to search for hidden objects. If the evidence from early infancy does indicate innate
knowledge, there is a real problem to be faced in explaining why this knowledge is not
revealed in action, even several months later. If, on the other hand, the evidence from
early infancy reveals some lower-level developmental precursor of mature object knowl-
edge, there is less of a problem in reconciling this evidence with the object search phe-
nomena, but it is still vital to provide a developmental model that integrates the two
bodies of evidence, showing how early awareness develops into a form of knowledge that
can be used to guide action. In order to link these two bodies of research, it is important
to look closely at the object search phenomena and the various interpretations that have
been offered.

Piaget’s account

Piaget’s view was that it was only through developing and coordinating sensorimotor
schemes that infants began to construct a representation of hidden objects. Initially, there
is no objective awareness of a separate world of objects, and infants treat objects as sen-
sations arising from their own actions. As they construct more complex sensorimotor
schemes, infants begin to build the precursors of mental representation, the beginnings
of which can be seen at around 8 months when infants begin to search for hidden objects.
Search requires the coordination of separate schemes directed to occluder and object, and
it is in coordinating these that infants construct the spatial relationship between object
and occluder and hence begin to represent the hidden object. Even at this point, however,
object representation is not fully independent of action, and it is only by the end of the
sensorimotor period that infants have a well-developed representational ability that is
independent of action.

Two of Piaget’s findings provide persistent problems for accounts that portray the
young infant as aware of object permanence. First, infants fail to search for hidden objects
until they are about 8 months old. Second, once they begin to search for objects they
make systematic errors in search. If the object is first hidden in one place and then another,
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they retrieve it successfully from the first place but continue to search there when it is
hidden in the new place.

Search failure

One obvious possibility is that infants below 8 months fail to search for a hidden object
because they are unable to organize the response required to retrieve it. In effect, this was
a central point in Piaget’s sensorimotor theory; it is only through coordinating action
schemes directed to cover an object in the correct sequence that infants construct the rela-
tionship between them and thus come to represent the invisible object. However, it is
possible that they understand permanence but cannot organize the necessary actions for
retrieval. Rader, Spiro, and Firestone (1979) found that infants were more likely to search
if the cover was easily manipulable. However, this result may have been artifactual, because
the more manipulable cover was also more likely to be dislodged by swiping movements.
Bower and Wishart (1972) showed that although 6-month-old infants would not lift an
opaque upturned cup to retrieve a hidden object, they retrieved the object successfully if
it was placed under a transparent cup, a result recently replicated by Shinskey, Bogartz,
and Poirier (2000) for the case of an object hidden behind a vertical curtain. Thus it is
clear that infants are capable of the necessary actions, and that invisibility of the object
is the key feature determining search failure. It may be, however, that limitations in
infants’ understanding or perception of the specific occluder–object relationship may be
part of the reason for their difficulty. Neilson (1977) showed that the presence of a clear
separation in depth between object and occluder as it went out of sight enhanced search.
Six-month-olds failed to search when an object disappeared immediately behind a screen,
but searched successfully when there was a clear separation in depth at the point of dis-
appearance. It is interesting to speculate on the possibility that this effect may be related
closely to object segregation phenomena discussed earlier.

The A not B search error

The A not B or stage IV search error is a tantalizing phenomenon that to date has eluded
convincing explanation. The fascination of this phenomenon is that it is so unexpected.
An attentive 9-month-old infant searches accurately at the first place (A) and will do 
so almost without error over a series of trials. When the object is then hidden at the 
new position (B) the infant, without hesitation, searches again at position A. And in
strong examples of the error, no attempt at correction occurs and errors of a similar sort
recur over a series of further hidings at B. Not all infants show such a convincing pattern,
possibly because in any cross-sectional sample infants are bound to be at different devel-
opmental levels, but the convincing cases make the phenomenon a real explanatory
puzzle.

Piaget’s explanation of this phenomenon was that infants had only a limited aware-
ness of the hidden object’s continued existence. They were beginning to represent the
absent object, but they could only do this in a limited way, imagining it to be present in
the hiding place where it had previously been found. Thus a move to a new hiding loca-
tion led to error. Not all investigators accepted this interpretation, however, and in the
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1970s and 1980s a substantial body of work accumulated investigating possible explana-
tions of the phenomenon.

T   
According to Piaget, the infant’s ability to represent the object was dependent on action:
the error involved repeating the action that had been successful in the past. However, it
turned out that action was not necessary for error: infants who had simply seen the object
hidden and revealed at the first location made errors when permitted to search on B trials
(Butterworth, 1974; Evans, 1973; Landers, 1971). These data also appear to rule out a
simpler account of the error, namely, that it is no more than response perseveration.

M ?
At first sight, it is tempting to guess that the error is due to forgetting the location of the
object. However, the phenomenon cannot be due to global forgetting, because infants are
highly successful from the first A trial. The problem is why they should encode the object’s
location accurately on A trials but fail to do so on B trials. Harris (1973) suggested that
this arose through memory interference: when the object is hidden at A, search is suc-
cessful, but when the new location is used, interference takes place between memory for
the past location and memory for the present location, such that infants often search back
at the old location. In support of this account, Harris found that errors were infrequent
when infants were allowed to search immediately on B trials. Gratch, Appel, Evans,
LeCompte, and Wright (1974) found that a delay of only a second was sufficient to
produce errors at the normal rate, but that delays above one second did nothing to increase
error, so if interference is at the root of things, it has its effect very quickly. Gratch et al.
(1974) interpret their results differently, suggesting that the lack of error with delays less
than a second is due to the maintenance of a postural orientation (and possibly a partial
reach) toward the correct location. Infants are fortuitously correct because they simply
continue an act that began when the object was in view.

Bjork and Cummings (1984) provide a different memory account, suggesting that
infants make a rather imprecise coding of the object’s position on B trials, so that they
often make errors. Their evidence for this was that if infants were provided with more
than two potential hiding places, errors on B trials were rarely to the original location,
being more often directed to positions close to the B location.

There is, however, a major problem for all memory accounts. Piaget noted that the
error still occurred when the object was visible at the new location. This finding has been
replicated by Butterworth (1977) and Harris (1974) in versions of the task using trans-
parent covers, and by Bremner and Knowles (1984), who did not even cover the object
on B trials. It is not clear how memory accounts can explain this, since there should be
no need to hold the visible object in memory. Additionally, there is now clear evidence
that search failure and errors are not due to a simple lack of awareness of where the object
has gone. Wilcox, Nadel, and Rosser (1996) presented infants of between 2.5 and 6.5
months with event sequences in which an object disappeared at one of two locations and
after a delay either reappeared at the opposite location (impossible event) or in the same
location (possible event). All age groups looked reliably longer at the impossible event,
suggesting that they were capable of holding the location of the hidden object in memory,
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and noting a violation when it reappeared in the wrong place. If such young infants have
well-developed location memory, it seems unlikely that this would be a major aspect of
the problem six or seven months later. This is confirmed by Ahmed and Ruffman (1998),
who made a direct comparison between 8- to 12-month-olds’ performance on an A not
B search task and a comparable violation of expectation task in which after concealment
and reappearance at A an object was hidden at B and revealed either at B (possible) or at
A (impossible). Infants who made search errors nevertheless anticipated reemergence at
B, even after delays of 15 seconds. Additionally, Hofstadter and Reznick (1996) found
that infants were more likely to make manual search errors than looking errors in an A
not B task, again suggesting that infants have a better memory of object position than
their search suggests.

S 
One possible explanation of the error is that infants have difficulty updating the spatial
location of the object when it is moved from A to B. A number of workers have investi-
gated the spatial demands of the stage IV task. Harris (1973), and later Butterworth
(1975), pointed out that when the object is moved from the A location to the B loca-
tion, both its absolute position in space changes and its relative position changes, that is,
it goes from, say, the left-hand to the right-hand container. By changing the position of
the containers between A and B trials Butterworth made it possible to hide the object
either in the same relative location but a different absolute position, or in the same
absolute position but a different relative location. The finding was that a change in loca-
tion according to either of these spatial reference systems led to error at about the same
rate as if object location changed relative to both reference systems at once. So apparently
infants use both ways of coding the position of the hidden object and have difficulty if
its position changes relative to either.

Bremner and Bryant (1977) pointed out that because infants remained stationary
throughout the task, it was impossible to tell if they were coding the object’s position in
absolute terms, or through self-reference, in relation to their own body. However, the
confound between these two types of coding is removed if the infant is moved to the
opposite side of the table. Bremner and Bryant found that on B trials following such a
movement, infants searched at the same position relative to self as before, and hence at
a different absolute position. This happened despite the fact that the two locations lay
on clearly different backgrounds. However, Bremner (1978) found that if differently
colored covers were used, the effect was reversed: infants now searched at the same
absolute location after movement, and hence at a different self-referent location. Thus 
it appears that absolute position coding is possible if the alternative locations are clearly
distinguished.

It may well be that these studies, whilst telling us a good deal about how infants 
code spatial locations, tell us little about the reasons for the A not B error. Bremner 
(1985) has suggested that these manipulations do not reduce the error but rather affect
the way infants define the single place to which they direct their search efforts. However,
Butterworth, Jarrett, and Hicks (1982) did find that differentiating the covers reduced
errors in a standard A not B task, and claim that knowledge of object identity is 
intimately linked to keeping track of the spatial history of the object. It is only 
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through linking the successive positions of an object that infants perceive its identity 
over the move, and it is because infants encounter difficulties in doing this that search
errors occur.

L    
Two things happen when an object is hidden: it disappears and a place takes on the func-
tion of container or place of concealment. Most previous accounts have assumed that
object search phenomena tell us about object permanence. It is possible, however, to
develop an account based on knowledge of places as containers (Bremner, 1985). During
the early years infants spend a good deal of time removing objects from containers (for
instance taking toys from toy boxes), but they very rarely put them back: as Piaget noted,
the act of putting one object inside another is a relatively late development. It is thus
plausible that they have semi-magical notions about containers as sources of objects,
notions which are based more on finding objects there than on seeing them go there.
Admittedly, seeing an object disappear at a place must be a sufficient cue to lead to search
at that place, otherwise infants would never search for an object on the first trial. And
even the perceptual features of the container may cue its function. But Bremner’s hypoth-
esis was that object retrieval or revelation is a much more potent cue to a place as a con-
tainer. Thus, once an object has been retrieved (or has been revealed) at A, that place is
firmly established as a container where an object will be found. When the object is hidden
at B, there is a conflict between object disappearance at B and the newly established func-
tion of A as a container, and the greater salience of the latter normally wins that day. This
account does not make assumptions about limited object representation as the basis of
error, an advantage given the evidence that some form of object knowledge is well devel-
oped in the early months.

A 
Despite earlier dismissals of the action perseveration explanation, Smith, Thelen, McLin,
and Titzer (1999) revisit the notion that the error is due to motor history of reaching to
A. They obtained evidence that infants made search errors even when no objects were
hidden. Instead of hiding an object at A and later at B, they simply attracted infants’
attention to A (by waving and tapping the container lid) and later to B in the same way.
They found that infants made “search” errors with the same incidence as in the standard
task, and concluded that the phenomenon was due to establishment of a reaching habit
and nothing to do with memory or representation of the object at A.

Although this is a plausible possibility, it encounters the same difficulty as previous
action perseveration accounts. As already mentioned, infants make search errors even if
they have only seen the object hidden and revealed at the A location. Smith et al. (1999)
rightly point out that most procedures involve warm-up trials in which the infant is
encouraged to retrieve a partially hidden object from A prior to full hiding there. And
such a procedure prior to observational A trials could be enough to establish the reach-
ing habit. However, Butterworth (1974) took care to avoid such a problem by giving
warm-up trials at the midline. Thus, on commencement of B trials infants had no prior
experience of reaching to A, but erred nonetheless. Additionally, the account contains a
logical difficulty. If similar “errors” occur when no object is hidden, it does not follow
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that the hiding of the object in the standard A not B task is irrelevant; superficially similar
behaviors can have quite different bases. In short, their research does not provide condi-
tions in which different performance is predicted dependent on whether or not an object
is hidden, whereas experimental logic depends on showing significant effects of different
manipulations. Additionally there is evidence that the presence of an object does affect
behavior. Munakata (1997) compared infants’ reaching in two tasks, one of which repli-
cated that of Smith et al. (1999) in which no object was hidden on A or B trials, and
another in which no object was hidden on A trials, but an object was hidden on B trials.
In the replication condition, just as Smith et al. (1999) found, infants made errors, but
on the version in which the object was introduced and hidden on B trials, they made few
errors, despite the fact that up to that point the motor history of both groups was iden-
tical. The object had no prior history at A, and they searched correctly when it was hidden
for the first time at B. Munakata concludes that the hiding of an object has an effect and
so is an important factor in the standard task. And other work confirms this conclusion.
A. J. Bremner and Bryant (in press) showed that cover differentiation had opposite 
effects on error rate depending on whether an object was hidden or not. When an object
was hidden, cover differentiation led to a reduction in error, the same result as obtained
by Butterworth et al. (1982). In contrast, when no object was hidden, cover differen-
tiation increased error rate. It seems likely that when no object is hidden, cover differ-
entiation simply helps infants to individuate the cover that becomes the focus of action
during A trials, and there is no real reason to change this focus when the experimenter
turns their attention to the new location. However, when an object is hidden, the hidden
object is the focus of action, and cover differentiation helps infants to identify its new
location on B trials.

A  
Diamond (1988) has suggested that the error can be explained by the fact that the frontal
cortex becomes fully functional only rather late in infancy, an account that is based in
part on the finding that rhesus monkeys with lesions of frontal cortex perform poorly on
the stage IV task (Diamond, 1990). She proposes that a primary function of frontal cortex
is to support two capacities, the maintenance of an object representation in memory and
inhibition of incorrect responses, and her claim is that although infants are capable of
these singly, the load becomes too great when they have to do both. There is some evi-
dence that there is a link between error and frontal cortex development. For instance,
Bell and Fox (1992) showed that infants who did not make the stage IV error showed
more developed frontal EEG patterns than those who erred. We must note, however, that
this is correlational evidence which does not allow us to assume a direct causal link.

A key aspect of Diamond’s evidence is that there is a clear relationship between delay
between hiding and search and error. Errors are more likely after longer delays, and older
children tolerate longer delays without error than younger ones. This certainly suggests
a memory factor. However, this evidence is rather different from the result obtained by
Gratch et al. (1974), namely, that the increase in error occurred entirely between zero
and one second delay. There are two reasons why Diamond’s results may be different.
First, she employed a distraction procedure in which the infant’s attention was drawn
from the correct location after the object had been hidden. This procedure is unneces-
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sary, because infants make errors even when fully attentive, but any distraction is likely
to increase or introduce memory load. Second, she adopts a multitrial reversal procedure
in which the B location becomes the A location for the next test. Under such circum-
stances, once some way into a test session, infants have a complex and probably confus-
ing past search history. Thus again the task may become more about the real problem 
of simply remembering the last location acted on than understanding the sequence of
hidings as an integrated whole. There is thus reason to question whether Diamond’s task
taps into the same factors as a more conventional A not B task.

Despite these question marks, by presenting a multifactor explanation, Diamond’s
account is an advance over previous accounts that have tried to explain the error in terms
of a single factor. However, there is reason to doubt the detail of the argument. It does
not appear that failure to inhibit a previous response can explain the error, either alone
or in conjunction with a memory factor. Remember that early studies (Butterworth, 1974;
Evans, 1973; Landers, 1971) obtained errors after observational trials. In this case, no
prior response had been established. And the problem for the memory component of her
account is that although she recognizes that errors sometimes occur when the object is
visible, the prediction is that these should be very occasional. However, using transpar-
ent covers, Butterworth (1977) obtained errors at much the same rate as when using
opaque covers, and a similar rate of error occurred when the object was not even covered
on B trials (Bremner & Knowles, 1984). There is no evidence from these sources that
errors were significantly reduced by object visibility.

A     
Munakata has developed a connectionist model to account for the data regarding the
stage IV error (Munakata, 1998a; Munakata et al., 1997). This is based on the notion
that infants’ search is determined by the interaction of two factors, “latent” and “active”
memory traces. Latent traces are reflected in the experience-based strengthening of 
connections between units in the system, leading to certain responses being likely in the
presence of certain inputs (comparable to long-term memory), and active traces are
reflected in the level of ongoing activity maintained within the system (comparable to
working memory). Thus, when faced with concealment of the object at B, infants’
responses are determined by the relative dominance of latent traces specifying place A
and active traces specifying place B. Working from these basic assumptions, Munakata
develops a sophisticated model which accounts for much of the data on infant search and
makes new predictions, such as the counterintuitive one that, during development, errors
should increase gradually before decreasing again.

This is an important approach, because it allows precise specification of predicted
effects on search of different factors such as delay, number, and distinctiveness of loca-
tions. However, models of this sort run into difficulties over some of the more subtle
aspects of the error. In particular, errors are significantly reduced if differently colored
covers are used (Butterworth et al., 1982), whereas they are not significantly reduced when
the object is visible at B. One would have thought that a visible object would serve to
differentiate locations in a most salient way, yet it does not have the effect that cover dif-
ferentiation has. Munakata (1998b) claims that errors with the object visible are occa-
sional random errors, citing evidence from a study by Sophian and Yengo (1985), which
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suggested that errors with a visible object at B were due to lapses of attention rather 
than real problems locating the object. However, in contrast to Butterworth (1977) and
Bremner and Knowles (1984), Sophian and Yengo obtained very few errors when the
object was visible. And Bremner and Knowles’s data provide no support for the notion
that these errors are random, because they obtained errors under very precise conditions,
when the object was uncovered at B but the A location was covered. Virtually no errors
were obtained when there was no covered location, and when the object was uncovered
at A but the B location was covered. In this study it was clear that the presence of a
covered location at A was as strong a determinant of search as the visible presence of the
object at B. Such a finding fits with Bremner’s account of the stage IV error in terms of
place knowledge and calls for the need to consider the infant’s notions about locations as
hiding places as well as their notions about hidden objects.

P- 
Baillargeon, Graber, DeVos, and Black (1990) argue that by their fifth month infants are
both able to represent hidden objects and to identify the actions necessary to recover 
them. Evidence for the second claim comes from ingenious experiments in which 
infants watch possible and impossible object-retrieval events; as in other work of this
nature, infants look longer at the impossible sequences. Baillargeon et al. (1990) thus 
conclude that the infant’s difficulty lies in certain aspects of problem solving. Failure to
search can be explained by inability to plan means–ends sequences, and even once infants
are capable of this, the stage IV error arises due to a tendency to repeat old means–ends
solutions. In addition to explaining manual search failure and later errors in the face of
apparently contrary evidence revealed in violation of expectation tasks, this sort of analy-
sis can also explain superior object localization reflected in looking (Hofstadter & Reznick,
1996). Looking does not involve problem solving in the way that manual search does. This,
however, is only one possible analysis in terms of problem solving. Willatts (1997) ques-
tions whether the evidence presented by Baillargeon et al. (1990) really indicates that
infants can identify the necessary retrieval actions, pointing out that recognition of possi-
ble versus impossible retrievals does not imply awareness of how to execute retrieval. Again,
we are back to the point that studies based on violation of expectation cannot really tell us
about the infant’s ability to construct solutions in action. Willatts also questions whether
early examples of search really involve means–ends problem solving, suggesting instead
that success initially arises from trial and error. Thus, although bearing a number of simi-
larities to the account presented by Baillargeon et al. (1990), Willatts’s account presents
the infant as more fundamentally lacking in problem-solving skills. It alerts us to the fact
that there is more to correct object search than simply having a sufficiently strong repre-
sentation of the object, and he cites evidence from other problem-solving tasks involving
retrieval of visible but inaccessible objects through use of supports to show that infants’ 
difficulties have a generality that extends beyond hidden-object problems.

It is interesting to note a parallel between the literatures on object knowledge and
problem solving. Just as there is evidence for early knowledge of objects which cannot
immediately be used to guide action, there is evidence that quite young infants detect
causality in event sequences (Cohen & Amsel, 1998; Cohen & Oakes, 1993; Leslie &
Keeble, 1987) quite some time before they are able to understand causality in their own
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acts. This looks like another example of early knowledge only becoming reflected in action
later in development.

C
These recent accounts of search failure and search errors have made considerable progress
in identifying factors that influence search and in modeling possible underlying processes.
More than ever, it becomes clear that several factors underlie behavior, including memory
arising from past history of events at A and active memory of the most recent event. Fur-
thermore, there is value in attempts to localize the neural substrate supporting different
functions as well as modeling the processes involved. There is a good deal in common
between Diamond’s account and Munakata’s model, and much may be gained by incor-
porating aspects of both. However, probably something has to be added as well. Just as
the model developed by Smith et al. (1999) may be accused of laying too much stress on
action and action history, the other accounts may be criticized for relying too much on
relatively simple memory processes. Arguably as a result, every account has difficulty in
accounting for all the phenomena, and it may be that further progress will only result
from recognizing that infants are in the process of making sense of the world, not just
acting on it and forming memories about it. Sure enough, during infancy making sense
of the world is probably inseparable from action, but it involves more than strengthen-
ing simple connections and forming memories. This is where models of the infant as an
active problem solver become valuable, and where it becomes difficult to proceed without
recognizing the presence of active mental representations. One model that goes some way
toward reconciling all three of the above accounts, and which also treats the infant as 
possessing knowledge of the world, is the competing systems account (Marcovitch &
Zelazo, in press; Zelazo, Reznick, & Spinazzola, 1998). According to this account, two
potentially separate systems determine search in the A not B task, a response-based system
the activity of which is determined by past motor history, and a representational system
linked to the infant’s conscious representation of the location of the hidden object. The
more searches that have been directed to A, the stronger the effect of the response-based
system in directing search back to location A on B trials. Support from this aspect of the
model comes from a meta-analysis of A not B results indicating that the number of A
trials is a determinant of error on B trials. However, this aspect of the model is also its
weakness, because it fails to explain errors following observational A trials, and it may be
necessary to add other components to the representational side of such a model, includ-
ing infants’ representations of places as containers, and also to extend the model to 
recognize the infant as an active problem solver.

Challenges for Future Work

The evidence reviewed in the early sections of this chapter indicates that, by the middle
of their first year, infants have a fairly sophisticated basic awareness of the world, includ-
ing object permanence and the physical rules governing object motion and stability.
However, it would appear that they are not initially able to use this information to guide
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action. It may well be that the awareness involved in violation of expectation tasks is very
much more basic than is required to guide action, involving simple recognition of when
an outcome is or is not appropriate. Guidance of action may require a self-maintained
active representation of the hidden object which may be beyond the infant’s capabilities,
and beyond that, the ability to plan means–ends solutions. Given this state of affairs,
infants have to use other means to guide action, which are liable to relate to visible objects
in the scene and what they offer for action. Thus, initial search and retrieval at A may
be, as Willatts suggests, the result of accident or trial and error, but it leads to knowledge
of place A as a container of things, knowledge which may subsequently guide action even
in the visible presence of the object at another location. In this sense, infants are detect-
ing affordances of objects for the actions involved in the task. Problem-solving analyses
tie in closely with notions about the development of executive functions (Hughes, 1998;
Russell, 1996), and it may be argued that a large part of what is happening while infants
develop the ability to use object knowledge to guide action has to do with the develop-
ment of basic executive functions.

In the sense that infants possess awareness of the world but are unable to use it to
guide action, we may consider early perceptual capacities implicit knowledge, because
although they involve detection of information vital for action guidance they do not yet
qualify as explicit knowledge at the most basic level of “knowing how.” And one sugges-
tion (Ahmed & Ruffman, 1998; Bremner, 1997, 1998) is that a vital developmental
process in early infancy involves the transformation of knowledge implicit in perception
into explicit knowledge that can be used to guide action.

Some investigators apply this distinction to knowledge revealed through action versus
knowledge revealed through language. For instance, J. J. Gibson (1979, p. 260) defines
explicit knowledge as information that can be linguistically expressed. Karmiloff-Smith
(1992) defines implicit knowledge more generally as a form of representation not avail-
able to guide the mental activities of the individual, and proposes that this is transformed
into explicit knowledge through a process of representational redescription. There is 
also a tendency to relate the distinction to conscious versus unconscious processes, with
implicit learning conceptualized as the result of unconscious processing (Cleeremans,
1993) and tacit knowledge the outcome of such learning (Reber, 1993). However, the
present definition need not be at variance with other uses of the distinction provided we
define the level of psychological activity to which we are applying it. Thus, it becomes
acceptable for a form of knowledge to be explicit with respect to manual activity, while
at the same time being implicit (procedural) knowledge with respect to linguistic activ-
ity. The key assumption is that there is a set of levels (principally perceptual, procedural,
and declarative) at which knowledge becomes available to guide the activities of the indi-
vidual, and this progression may be repeated during development on successively higher
levels of psychological activity.

One clear advantage of interpreting infant development in terms of this
implicit–explicit conceptualization is that, rather than portraying infants as progressing
from a state of no or little knowledge to a state of mature knowledge, they are concep-
tualized as in a sense knowing the world from the start, and development is treated as a
set of changes in the way in which this knowledge or information is utilized as percep-
tion and action are progressively coupled.
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Links Between Theories and Pointers to Developmental Processes

The implicit–explicit distinction is descriptive because, in itself, it does not illuminate
the processes underlying development. However, we may look to other theories to iden-
tify some possible developmental processes. Gibsonian theory generates some straight-
forward predictions and dynamic systems analysis (see chapter 3 in this volume) may in
time provide a detailed account of some of the processes involved. In particular, impor-
tant predictions emerge in relation to the concept of affordances. As Adolph, Eppler, and
Gibson (1993) state, “An affordance is the fit between an animal’s capabilities and the
environmental supports that enable a given action to be performed.” And a given feature
of the environment will hold one type of affordance for one species and a different one
for another. This has the important developmental parallel that the affordances detected
will depend on the infant’s ability to act. To say that a particular object affords grasping
or that a particular surface affords crawling only makes sense in relation to infants who
can grasp and crawl, respectively. Thus as new motor achievements come on the scene,
new affordances emerge. Since these affordances are essentially relationships between envi-
ronmental structure and the structure of action, it is here that dynamic systems theory
may help us to understand the process by which new affordances are developed, through
the meshing of the organism and environmental components of the system. And the
current thrust of this approach is to describe the emergence of new affordances as taking
place in an automatic manner through the natural functioning of the infant in his or her
environment. Before the emergence of a new affordance, the relevant environmental
feature was available to perception. Thus, the environmental information specifying the
affordance was implicit in perception. But it is not until this information is meshed in
as part of a system including both perception and the appropriate action that we can say
that the affordance has been detected. And because an affordance is a relationship between
perception and action which in itself may be sufficient to guide action, it is appropriately
labeled explicit knowledge.

The claim of the dynamic systems approach is that there is no need to go beyond con-
sideration of the environmental, mechanical, and biological constraints in the system in
order to reach an adequate developmental explanation. On the one hand, through its
denial of the need to rely on mentalistic concepts, this approach has some clear advan-
tages: reliance on mentalistic terminology (such as knowledge, understanding, and rea-
soning) in explanations of infants’ ability often seems inherently inappropriate. However,
it seems evident that there is more to infant development than the natural emergence of
functions that link behavior to the environment. Although in time the dynamic systems
approach may help to explain many of the basic activities of infants, activities which both
emerge and are exercised at a relatively automatic unconscious level, this approach will
have greater difficulties in dealing with the infant as an active problem solver engaged in
means–ends analysis (Willatts, 1997).

This distinction between automatic behaviors and the purposive ones seen in problem
solving seems crucial. Both forms are self-guided, but the latter are purposive in the sense
that they involve deliberate manipulation and variation by the individual. It seems 
likely that this is not a rigid subdivision, because development may be partly a matter of

Cognitive Development 131



behaviors becoming automatic after a period of achievement as a result of active prob-
lem solving. Thus, for instance, locomotion may become automatic, although its initial
achievement may have been partly based on the infant trying out motor and postural
variations. However, at a given point in development, there are some behaviors that appear
automatic, while there are others that appear to involve problem solving under the control
of a component of the system which we may want to call the mind, brain, or executive
control system. It thus appears likely that affordances are acquired in some cases as a result
of purposive problem solving rather than just through automatic functioning. Any new
motor achievement such as further manual skill or locomotion permits further environ-
mental exploration, but at the same time new problems are encountered, the solutions
to which constitute new knowledge.

We can describe the outcomes of development through these processes in terms of dif-
ferent forms of implicit-to-explicit shift. As already mentioned, detection of perceptual
variables specifying an affordance makes that affordance implicit in perception, but this
cannot be called explicit knowledge until the infant can use it to guide action. In relation
to object search, it seems likely that this transformation occurs largely through the infant’s
efforts as a purposive problem solver, discovering through this activity certain ways in
which perception and action fit together. And it should be noted that this shift from
implicit to explicit involves more than a formation of a simple connection between implicit
knowledge to the action system. Problem-solving analyses demonstrate that the connec-
tions between perception and action are liable to be quite complex, including processes
connected with both knowledge of objects and causality. The task of future research is to
identify both the form of these connections and the processes leading to their formation.
It is here that both dynamic systems analysis and connectionist modeling are liable to have
important roles in providing precise specifications of the conditions for development.
Additionally, this endeavor is liable to be informed by neuropsychological analyses (see
chapter 9 in this volume). Some quite detailed analyses of frontal cortex function already
exist that are highly relevant to developmental questions, specifically development of links
between perception and action. For instance, Thatcher (1992) identifies a parallel between
functioning of the lateral and medial frontal cortex and Piagetian concepts of assimilation
and accommodation, and Goldberg (1985) identifies another region of frontal cortex, the
supplementary motor area, as having an important role in control of intentional action.
Thus, rather than limiting the analysis to the role of frontal cortex in inhibition of past
responses (Diamond, 1985), it should be possible to broaden the analysis to identify this
brain region as intimately involved in the control of executive functions. In this respect,
there may be close links between the development of frontal cortex and the development
of explicit knowledge for the guidance of intentional action.

Related Topics and Further Reading

Infant perception

Much of the literature on perception in early infancy is relevant to issues discussed in this chapter,
in particular because much of the work points toward objective perception of the world by very
young infants. This work is well reviewed in:
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Slater, A. (1998). The competent infant: Innate organization and early learning in infant visual
perception. In A. Slater (Ed.), Perceptual development: Visual, auditory, and speech perception in
infancy (pp. 105–130). Hove: Psychology Press.

Causality and problem solving

The development of perception of causality and investigation of possible links between this and
infant problem solving deserve a fuller treatment than could be included here because of space
constraints. A thorough review of the work on perception of causality is contained in:

Oakes, L. M., & Cohen, L. B. (1994). Infant causal perception. In C. Rovee-Collier & L. P. Lipsitt
(Eds.), Advances in infancy research (Vol. 9, pp. 1–54). Norwood, NJ: Ablex.

and fuller detail of problem-solving research is contained in:

Willatts, P. (1997). Beyond the “couch potato” infant: How infants use their knowledge to regu-
late action, solve problems, and achieve goals. In G. Bremner, A. Slater, & G. Butterworth (Eds.),
Infant development: Recent advances (pp. 109–135). Hove: Psychology Press.

Categorization

Categorization in infancy is another area in which there is evidence for early perceptual cat-
egorization as a precursor of conceptual categories, with the argument that only the latter con-
stitute true knowledge (Mandler, 1997). This appears to be another area in which there is scope
for application of the implicit–explicit developmental shift. Detailed reviews of this literature 
are contained in:

Mandler, J. M. (1997). Development of categorization: Perceptual and conceptual categories. 
In G. Bremner, A. Slater, & G. Butterworth (Eds.), Infant development: Recent advances
(pp. 163–191). Hove: Psychology Press.

Quinn, P. C. (1998). Object and spatial categorization in young infants: “What” and “where” in
early visual perception. In A. Slater (Ed.), Perceptual development: Visual, auditory, and speech
perception in infancy (pp. 131–165). Hove: Psychology Press.
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Chapter Five

Infant Learning and Memory

Carolyn Rovee-Collier and Rachel Barr

Introduction

Since Freud first proposed that adult behavior is rooted in the infancy period, the ex-
periences of infants have been viewed as the cornerstone of behavioral and cognitive 
development. Most psychologists assume that the effects of early experiences gradually
accrue, producing an individual who is increasingly complex. Implicit in this assumption,
however, is a capacity for long-term memory – some means by which a relatively enduring
record of those early experiences is preserved. Paradoxically, this is a capacity that infants
are thought to lack – a belief that also originated with Freud (1935), who thought that
early memories are forced into an unconscious state where they motivate subsequent
behavior but cannot be recalled. The phenomenon of infantile amnesia – that we usually
cannot remember what occurred before the age of 2 or 3 – supports Freud’s view.

What young infants remember about their prior experiences is, however, difficult 
to study. Not only can they not verbalize what they remember, but also younger 
infants lack the motoric competence to perform most of the nonverbal tasks that 
have been used to study memory with older infants and children. In addition, 
factors such as the presence or absence of the caregiver, the familiarity or novelty of the
setting, and the infant’s momentary state of arousal radically affect memory perfor-
mance and do so differently at different ages. In describing the major experimental 
procedures that have been applied to the study of memory development, this chapter 
will reveal how some of the problems associated with conducting research with 
human infants have been overcome. In the first section, we consider what infants can
learn, how long they can remember it, and how reminder procedures affect their 
memories. In the second section, we consider some current issues in infant memory
research, including the development of multiple memory systems, infantile amnesia, and
memory distortions.
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Research on Infant Learning and Memory

Over the course of ontogeny, infants’ learning ability is thought to progress along an evo-
lutionary continuum extending from the simplest nonassociative learning exhibited by
single-celled organisms to the most complex conceptual learning exhibited by adult pri-
mates. Traditionally, habituation anchored one end of this continuum, and imitation (a
form of observational learning) anchored the other (Buss, 1973). Today, however, the
entire continuum has been documented in infants 6 months and younger, challenging
the old adage that ontogeny recapitulates phylogeny – a challenge also raised by Steven
Jay Gould (1998), the noted evolutionary biologist.

In what follows, we present a “broad brush” picture of what infants can learn and
remember. Because most systematic research on infant memory has used habituation,
conditioning, and imitation procedures, we focus on that work.

Habituation

Habituation occurs at all phyletic levels – from protozoa to humans – and is thought to
play a central role in an individual’s adaptive capacity as the means of eliminating
nonessential responses to biologically irrelevant stimuli. It is defined as a stimulus-
specific response decrement that results from repeated exposure to a stimulus that causes
the individual to orient either toward or away from it (Wyers, Peeke, & Herz, 1973).
Note that the individual’s response must be an active one. If this condition is not met,
as occurs when an infant is swaddled or placed in bright illumination or under a heat
lamp, the resulting response decrement is called acclimatization. Likewise, the term
“repeated” implies that a single stimulus presentation followed by a test is not an 
habituation procedure; in habituation, at least two presentations must precede the test.
Thompson and Spencer (1966) set forth these defining characteristics of habituation
(examples are in italics):

1 Repeated stimulus presentations result in decreased response (habituation) that
usually is a negative exponential function of the number of presentations. Eventually
this response reaches asymptote or zero response level (i.e., it habituates). A new object
is revealed when a cloth over it is removed. The infant stares at the object until the cover
is replaced. This sequence is repeated again and again. Over successive repetitions, the
infant looks at the object less and less; eventually, the infant stops orienting to it altogether.

2 If the stimulus is withheld, responding tends to recover over time. This is called spon-
taneous recovery. If the object remains covered for a period of time before the cover is
removed again, the infant will reorient to the object again.

3 If repeated series of habituation training and spontaneous recovery trials are given,
habituation becomes progressively more rapid. Imagine that the object is repeatedly pre-
sented until orienting ceases, it remains covered for a period of time, the cover is then

140 Carolyn Rovee-Collier and Rachel Barr



removed again, the infant reorients, and this entire sequence is repeated over and over. On
each occasion, the infant ceases orienting (i.e., habituation) and, after a period of time,
reorients again (i.e., spontaneous recovery). Each time this sequence is repeated, the infant
renews orienting toward the object for a shorter period of time until, at some point, the
infant ignores it altogether.

4 Other things being equal, the more rapid the frequency of stimulation, the more rapid
and/or pronounced is habituation. The shorter the time between successive exposures, the
faster the infant will stop looking at the object.

5 The weaker the stimulus, the more rapid and/or pronounced is habituation. The
simpler the object is, the faster the infant will stop looking at it.

6 Habituation can continue below the observable baseline or sub-zero level. When this
occurs, the level of spontaneous recovery will be less than had habituation proceeded
only until responding had initially ceased. If the object continues to be exposed despite
the fact that the infant seemingly pays no attention to it, then responding to it will spon-
taneously recover to a lower level than would have been expected had its exposure ceased
when the infant had ceased looking at it.

7 Habituation of response to one stimulus generalizes to other stimuli to the extent that
the habituating and new stimuli share common elements. (This is the basis of all dis-
crimination tests with similar stimuli after infants met an initial habituation crite-
rion. The extent to which infants do not generalize to the test stimulus defines the
extent to which infants perceive the habituating and the test stimulus as different.)
If the infant was habituated to a green triangle, for example, then he or she would look
less if tested with a green square than with a red square.

8 Presentation of another (usually strong) stimulus results in recovery of the previously
habituated response to the original habituating stimulus (dishabituation). Dishabitu-
ation presumably results from the superimposition of a sensitization (excitatory)
process on the ongoing habituation (inhibitory) process and that the observed level
of responding reflects their sum. Presumably, a strong distractor disrupts the active
inhibitory process, allowing the response to be expressed at a higher level. By this
account, habituation does not permanently eliminate a response but only tempo-
rarily suppresses it. If a very loud noise is sounded in the middle of a series of habitua-
tion trials with a particular object, then the infant will look at the object longer on the
next trial than on the trial before the noise was sounded. “Dishabituation” has been
widely misapplied to describe the infant’s increased response to a new test stimulus
instead of the increase in responding to the prior habituation stimulus (Clifton &
Nelson, 1976; Jeffrey & Cohen, 1971).

9 With repeated presentations of the dishabituating stimulus, the amount of dishabitu-
ation habituates; that is, the sensitization response also habituates. If the loud noise is
repeatedly sounded, the infant will ultimately habituate to it. As a result, its excitatory
effect on looking will progressively diminish, and the infant will look progressively less at
the original object during its subsequent exposures.

The preceding characteristics exclude response decrements associated with fatigue,
sensory adaptation, circadian rhythms, and physiological processes. In addition, it is
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important to distinguish habituation from familiarization – a term that has often been
used interchangeably with it. Whereas habituation specifically refers to a short-term, 
discrete-trial procedure in which the decrease in response is measured over successive
trials, familiarization is synonymous with “exposure learning” (Kling & Riggs, 1971) or
“perceptual learning” (Gibson, 1963). It refers to any procedure during which the indi-
vidual is preexposed to the test stimulus, and this preexposure results in a relatively per-
manent change in behavior as reflected, for example, on a discrimination task (Weizmann,
Cohen, & Pratt, 1971). Unlike habituation, familiarization can be short term or long
term and can occur in discrete trials or in one continuous exposure. Also, responding
during familiarization may or may not be measured.

Before Sokolov (1963) published his model of habituation of the orienting reflex
during conditioning, studies of habituation with infants were rare. Afterward, however,
numerous researchers exploited habituation as a means of revealing infants’ perceptual
and cognitive abilities. In Sokolov’s model, an internal representation or engram of a 
stimulus is formed each time it is encountered, and the extent to which the external 
stimulus matches that representation determines how long subjects look at it on suc-
ceeding encounters: As the representation becomes progressively fleshed out by new infor-
mation that subjects notice, they attend to the external stimulus progressively less; once
their representation is complete (i.e., no new information remains to be added to it), then
subjects no longer look at it. As the representation decays over time (i.e., forgetting), how-
ever, subjects renew looking to the extent that the internal representation and the 
external stimulus no longer match. Once the delay is so long that subjects look at the
stimulus for as long as they did on trial 1, when the stimulus was novel, then forgetting
is said to be “complete.”

Fantz (1964) obtained habituation to a repeated visual stimulus with infants between
2 and 6 months of age but not younger, and the rate of habituation was faster among
the older infants – a relation that has since been reported by many others (e.g., Lewis &
Goldberg, 1969). Graham, Leavitt, Strock, and Brown’s (1978) subsequent finding that
an anencephalic infant habituated to an auditory stimulus that produced no habituation
in normal infants revealed that habituation is controlled at multiple levels of the central
nervous system, with the functions of newly developing structures being superimposed
on more primitive ones. This ontogenetic pattern parallels the evolutionary development
of the brain (MacLean, 1967).

Using an habituation procedure, Stinson (1971, cited in Werner & Perlmutter, 1979)
obtained the first forgetting function with preverbal infants (4-month-olds). In his study,
each high-amplitude suck on a nonnutritive nipple briefly illuminated a visual stimulus
on a front screen (see Figure 5.1). After an infant’s sucking had fallen to a fraction of its
original level (habituation), he interposed a delay of 0, 15, 30, or 75 sec for independent
groups of infants before they were allowed to suck for the stimulus again. As expected,
the greater the delay, the greater the responding after the delay, indicating that infants
again treated the habituation stimulus as novel. After delays longer than 15sec, infants’
sucking had returned to its original, prehabituation level, indicating that they had for-
gotten seeing the visual stimulus and perceived it as novel. Since then, other researchers
have consistently found that forgetting is complete after 15 sec in infants of a variety of
ages across the first year of life, suggesting that the duration of retention in single-session
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habituation studies is age-invariant. This result probably reflects the upper limit of short-
term memory.

Classical Conditioning

Classical conditioning, like habituation, occurs at all phyletic levels and involves repeated
stimulus presentations. In habituation studies, however, the correlation between 
the repeated stimulus and a subsequent environmental event is zero, and subjects 
stop attending to it. By contrast, in classical conditioning studies, the correlation between
the repeated stimulus and a subsequent environmental event is 1.00, and subjects 
not only continue to attend to it but also come to anticipate the event it predicts. 
Because many events in nature occur in an orderly fashion, classical conditioning 
permits organisms to exploit this orderliness and anticipate potentially significant 
events instead of simply reacting to them, as in habituation. The classical conditioning
procedure initially requires two basic components – an unconditional stimulus (US) 
that reliably elicits a reflex (the unconditional response, or UR), and a stimulus (the 
eventual conditional stimulus, or CS) that does not initially elicit the same reflex as the
US. After repeated pairings of the CS and US in close temporal contiguity, the CS comes
to elicit a response (the conditional response, or CR) that is similar to the UR, 
either before the US is actually presented or on trials when it is omitted. In essence, in
classical conditioning, subjects do not learn a new response but a new occasion for 
the old response.
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Figure 5.1 A 4-month-old infant producing illumination of a visual target by means of high-
amplitude sucks. (Photograph courtesy of Dr. E. R. Siqueland)



The timing of the appearance of the first conditional reflexes was of particular concern
to early Soviet researchers. Pavlov thought that unconditioned reflexes were exclusively
subcortical and that conditioned reflexes were exclusively cortical. As a result, Soviet psy-
chologists viewed classical conditioning as a means by which to study the functional devel-
opment of the cortex. One of Pavlov’s students, Krasnogorskii (1913, cited in Elkonin,
1957), concluded that the cortex of infants younger than 6 months was insufficiently
innervated to permit the formation of cortical connections, as required in classical con-
ditioning. Subsequently, however, Koltsova (1949) reported conditioned sucking reac-
tions at the breast during the third postnatal week, and Irzhanskaia and Felberbaum
(1954) reported conditioned eyeblink reflexes by 1.5-month-olds who were 2.5 months
premature.

Most of the early studies of classical conditioning were single-subject studies that traced
an individual’s conditioning performance over a substantial period of time. As such, they
also provided evidence of long-term memory. The most famous of these early classical
conditioning studies was conducted by Watson and Rayner (1920) with an 11-month-
old named Albert. In this study, they sounded a loud gong (the US) which produced
crying and withdrawal (the UR) each time Albert touched a white rat (the CS). One week
later, when Albert was merely shown the rat, he withdrew his hand (the CR). Later in
that same session, he received five more CS–US pairings. Five days afterward, Albert not
only exhibited CRs at the sight of the rat, but he also generalized these conditioned emo-
tional reactions to previously neutral stimuli that resembled the rat in some way, includ-
ing a rabbit, a dog, a fur coat, a Santa Claus mask, and a swatch of cotton wool. He did
not, however, produce the CR to wooden blocks, which differed perceptually from the
rat. Ten days later, his CR to the rat had become muted and was “freshened” with another
CS–US presentation (a reinstatement procedure; see “Reminder procedures,” below). At
this time, the US was also explicitly paired once with the rabbit and once with a dog.
One month after the reinstatement – almost two months after his initial conditioning
experience – Albert still exhibited strong CRs to the rat, the dog, the mask, and the fur
coat. This study demonstrated not only that infants can be classically conditioned 
during their first year but also that conditioned emotional reactions are established rapidly,
can be maintained over a substantial period by occasional repetition, and generalize 
readily to stimuli that bear a physical resemblance to the original CS. In a single-subject
study that was explicitly designed to measure the retention of classical conditioning, 
Jones (1930) repeatedly presented a 7-month-old with a tapping sound (CS) followed by
an electrotactual stimulus (US) for five consecutive days, after which the infant received
no more CS–US pairings. Even without them, the infant still exhibited the CR seven
weeks later!

Despite the fact that many successful classical conditioning studies were conducted
with newborns from the late 1950s through the 1970s (for review, see Siqueland, 1970),
critics continued to challenge evidence that newborns could be classically conditioned
(Sameroff, 1971). Finally, in 1984, Blass, Ganchrow, and Steiner laid these challenges to
rest once and for all, unequivocally demonstrating that even newborns as young as 2 hours
could be classically conditioned. Conditioning sessions took place 2 hours after a sched-
uled feeding and lasted 45–50min. The experimental group received forehead stroking
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(the CS) immediately followed by the delivery of sucrose (the US) through a glass pipette,
while an explicitly paired control group received the same number of CS–US trials, but
the sucrose was received after a longer and variable delay. A second control group,
included to test for the possible effects of sensitization (a lowered response threshold
induced by repeated presentations of the US), received the US only, with no exposure to
the CS prior to the extinction phase. During acquisition, both the experimental and the
explicitly paired control groups exhibited the same incidence of head-orienting responses,
but those of the experimental group were confined to the CS portion of the trial whereas
those of the control group were not. Moreover, the experimental group exhibited a high
level of pucker-sucks during the CS and a classic extinction function once the US was
withheld, with the sharpest decline in conditioned responding occurring between the first
and second trials.

Of particular interest were other behavioral changes exhibited by the experimental
group during extinction: “After 1 or 2 extinction trials, the infant’s expression appeared
to be that of surprise, which gave way to a frowning or angry face, to be followed by
crying or whimpering. Crying was short-lived; and at its termination, the infants gener-
ally slept” (Blass et al., 1984, p. 230). Their crying was not elicited by withdrawing the
sucrose: Only one of 16 infants in the two control groups cried during the extinction
phase, yet all had received sucrose during training. Rather, infants in the experimental
group had learned the predictive relation between stroking and sucrose delivery and,
apparently, cried because their expectancy was violated. This same phenomenon was
described in one of the earliest conditioning studies of infant feeding (Marquis, 1941),
underscoring the fact that responding during US-omission trials – either interspersed
during the conditioning trials or during the extinction phase – can be particularly reveal-
ing of whether infants have learned the contingency.

Furthermore, in heart-rate conditioning studies with newborns and decerebrate
infants, responding during the specified CS–US interval is often impossible for the infant.
In these cases, interspersing US-omission trials among CS–US training trials is a particu-
larly effective way of determining whether a conditioned association has formed between
the two stimuli. If a heart-rate change is seen when the predicted US does not occur, then
a conditioned association has formed (Berntson, Tuber, Ronca, & Bachman, 1983;
Clifton, 1974; Tuber, Berntson, Bachman, & Allen, 1980). Interestingly, the direction 
of infants’ heart-rate change usually reflects the quality of the omitted US. When an 
aversive US (e.g., a very loud noise) is omitted, heart-rate acceleration occurs; when an
appetitive US (e.g., sucrose) is omitted, heart-rate deceleration occurs. These changes 
in heart rate are thought to reflect a defensive (protective) response and an orienting
(what-is-it?) response, respectively. There is an important exception to this rule: Prema-
ture and decerebrate infants usually exhibit heart-rate acceleration to all US omissions.

Little, Lipsitt, and Rovee-Collier (1984) demonstrated both single-session eyeblink
conditioning (the CR) and long-term retention with 10-, 20-, and 30-day-olds using a
CS–US (tone–air puff ) interval of 1500msec. A control group that received the same
CS–US pairings with a 500-msec interstimulus interval exhibited no conditioning what-
soever. Because 500msec is the optimal interval in conditioning studies with adults, it is
likely that many of the early failures to find classical conditioning with immature sub-
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jects resulted from the use of an interstimulus interval that was appropriate for adults but
not for infants. As in the Blass et al. (1984) study, a greater percentage of CRs occurred
on US-omission trials that were interspersed among the CS–US conditioning trials than
during the CS–US interval per se, although both measures indicated that learning had
occurred. During the retention session, both the 20- and 30-day-olds exhibited signifi-
cant savings 10 days later, and the 20-day-olds outperformed 30-day-olds who were being
trained for the first time.

Operant Conditioning

Unlike classically conditioned responses, which are reflexive, operant responses are
emitted. This means that subjects must spontaneously perform the response or some com-
ponent of it at a low or moderate rate before it is ever reinforced (e.g., rewarded) in the
first place. Also, there is no essential biological relation between the type of reinforcer and
the response it influences. Infants increase their rate of sucking, for example, as readily
when their sucks are followed by their mother’s voice (DeCasper & Fifer, 1980), a 
computer-generated speech sound (Eimas, Siqueland, Jusczyk, & Vigorito, 1971), or a
colored slide of geometric shapes (Milewski & Siqueland, 1975) as when their sucks are
followed by a squirt of sugar water (Siqueland & Lipsitt, 1966) or milk (Sameroff, 1968).
Most of the early studies of operant conditioning with infants were criticized for either
failing to obtain an adequate sample of the infant’s operant level or failing to demonstrate
operant control. Operant control refers to the requirement that the response must be
solely attributable to the contingency; it cannot be elicited by the reinforcer or otherwise
result from behavioral arousal. This turned out to be a major problem in early studies of
“social reinforcers” (i.e., auditory and visual stimulation provided by adults). Although
social reinforcers appeared to be particularly effective, they elicited reciprocal social or
affective behavior that either competed with or mimicked conditioning (Bloom, 1984).

In one of the earliest studies of infant social conditioning, Brackbill (1958) explored
whether smiling behavior of 3- and 4-month-olds was sensitive to the schedule of 
reinforcement. Their operant (baseline) level of smiling was determined while the 
experimenter stood motionless and expressionless above each infant. Then, during 
the acquisition phase, infants in the continuous-reinforcement group were smiled at, 
picked up, held, jostled, patted, and talked to by the experimenter for 30 sec follow-
ing each and every smile. Infants in the intermittent-reinforcement group initially received
the same treatment except that over the course of acquisition, the number of smiles they
were required to emit before each reinforcement was administered was gradually increased.

Although the response rates of the two groups did not differ during either baseline or
the initial common treatment phase, the response rate of the intermittent-reinforcement
group increased thereafter as the reinforcement schedule became progressively higher. In
extinction, Brackbill also obtained the classic result – the intermittent-reinforcement
group exhibited a higher response rate and more total responses than the continuous-
reinforcement group. Notably, in the latter group, smiling was completely replaced by
gaze aversion and crying when the experimenter’s face became motionless and expres-
sionless during extinction – a result like that found by Blass et al. (1984) during extinc-
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tion of anticipatory (classically conditioned) mouthing responses. Brackbill’s study was
subsequently criticized because it did not include noncontingent-reinforcement controls
and because the continuous-reinforcement group received a greater total amount of 
stimulation during acquisition than the intermittent-reinforcement group. The accumu-
lated evidence on the role of social reinforcers in infant operant conditioning since that
time, however, has confirmed her original conclusions.

With the exception of studies using social reinforcers and studies of sucking and head-
turning with newborns (Papoušek, 1959; Siqueland & Lipsitt, 1966), most attempts to
operantly condition young infants in the 1950s and 1960s were plagued by the use of
discrete reinforcers that were ineffective over sustained periods. Most studies, therefore,
used sessions lasting only a few minutes. Since it was not known whether infants could
be operantly conditioned in the first place, such short sessions obviously worked against
obtaining a positive answer. As a result, many critics claimed that infants could not 
learn operant contingencies until they were substantially older – a claim firmly rooted in
Piagetian theory as well (Piaget, 1952). These claims were finally laid to rest, however,
with the introduction of the mobile conjugate reinforcement procedure (Rovee & Rovee,
1969). This procedure promoted rapid learning and sustained responding over repeated
sessions lasting as long as 45–55 minutes in infants as young as 8–10 weeks. In the mobile
procedure, infants’ kicks move a crib mobile via a ribbon strung from one ankle to the
mobile suspension hook (see Figure 5.2a). Infants learn rapidly and usually double or
triple their rate of kicking within just a few minutes.

Ironically, Piaget had recorded in his diary that his own 3-month-old increased the
sweeping movements of his hand after it hit and moved an object that was suspended
over the bassinet. He had attributed this to an “elicited joy reaction,” arguing that infants
could not initiate “interesting spectacles” themselves until they were several months older.
Rovee and Rovee demonstrated, however, that infants’ increased kicking did not merely
reflect an increase in excitement that was elicited by the moving mobile. Infants in arousal
control groups who saw the mobile moving noncontingently (i.e., whether they had
kicked or not) never increased their rate of kicking, even though the mobile moved at
exactly the same rate that infants in the experimental group had moved it by kicking.

More recently, the mobile procedure has been used with infants between 2 and 6
months of age to assess their capacity for long-term memory. In these studies, the to-be-
remembered information is displayed either directly on the mobile objects or on a cloth
context draped over the sides of the crib or playpen, and infants are trained in two sessions
24 hours apart. In session 1, the ribbon and mobile are connected to different hooks so
that infants’ kicks cannot move the mobile, and their level of unlearned activity is recorded
(the baseline phase). Thereafter, the ribbon is moved to the same hook as the mobile, and
kicks move the mobile in a graded manner that is commensurate with their rate and vigor
(“conjugate reinforcement”). At the end of each session, the baseline conditions are rein-
stated. This nonreinforcement phase at the end of session 2 (the immediate retention test)
allows a measure of the infant’s final level of learning and retention after zero delay. During
the delayed recognition test, which occurs at some later time, infants are merely shown either
the original mobile or one that differs in some way (see Figure 5.2b). This is a “yes/no”
recognition test. They kick robustly (“yes”) if they recognize the test mobile; otherwise,
they kick at baseline (“no”). Because the mobile and ankle ribbon are attached to different
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hooks during testing, infants’ kicks cannot move the mobile; as a result, their responding
reflects only what they actually bring into the test session and not new learning or savings
at the time of testing. Rovee and Fagen (1976), for example, trained 3-month-olds with
one mobile for 9min per day for 3 days and then tested them 24 hours later with either
the same mobile or a different one. During testing, infants recognized only the original
mobile – a finding subsequently replicated with 8-week-olds. They did not kick above
baseline level when they were tested with the different mobile. Besides demonstrating 
24-hour retention, this study showed that even the youngest infants can detect whether 
a mobile differs from one they had last seen 24 hours earlier!

The preceding data contradicted the widely accepted conclusion that longterm 
memory does not emerge until 8 to 9 months of age (Kagan & Hamburg, 1981). This 
conclusion was based on the observation that for the first time at 8 to 9 months, infants
become distressed when a stranger enters the room after their mother has left it. Presum-
ably, the discrepancy between the characteristics of the physically present stranger and the
remembered characteristics of the mother makes them cry (i.e., stranger anxiety). Stranger
anxiety was not thought to appear before that age because younger infants could not hold
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Figure 5.2 The experimental arrangement used with 2- to 6-month-olds in the mobile conjugate
reinforcement task, shown here with a 3-month-old. (a) Acquisition phase : The ribbon and 
mobile are attached to the same overhead hook so that kicks move the mobile. (b) The delayed
recognition test : The ribbon and mobile are attached to different hooks so that kicks cannot move
the mobile.
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a representation of their mother “on the stage of memory” for even a few minutes.
However, if 8-week-olds could remember the appearance of a fiveobject mobile that 
they had previously seen for a total of less than an hour and had not seen since the day
before, then even 8-week-olds can obviously remember what their own mother looks like
after she has been out of sight for more than a few minutes!

Because infants older than 7 months rapidly lose interest in the mobile task, another
task is used with older infants. Here, each lever press briefly moves a miniature train
around a circular track set in a complex array of toys (see Figure 5.3). During baseline
and all retention tests, the lever is deactivated so that infants can see the train but cannot
move it by lever-pressing. The train task is an upward extension of the mobile task: At 6
months, infants’ learning and memory performance in the two tasks is identical
(Hartshorn & Rovee-Collier, 1997). Combining data from the two tasks reveals that the
duration of retention increases linearly between 2 and 18 months of age (see Figure 5.4;
Hartshorn et al., 1998b). This increase is not due to age differences in either original
learning or motoric competence. Infants of all ages learn the two tasks equally rapidly,
and their baseline response rates are the same at all ages, irrespective of task. This 
standardized retention function is a reference function against which retention obtained
from infants tested in different tasks and with different task parameters can be mean-
ingfully compared. Although some researchers have used different parameters of encod-
ing (e.g., the duration, number, and distribution of training sessions, the attention-getting
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Figure 5.3 The experimental arrangement used with 6- to 18-month-olds in the train task, shown
here with a 6-month-old. During baseline and the delayed retention test, the lever is deactivated
so that presses cannot move the train. Note the complex array of toys in the train box.



properties of the training stimuli) than those used by Hartshorn et al. (1998b), the pattern
of retention that they obtain at different ages should be the same. In addition, this func-
tion provides a standard against which diagnosticians can evaluate both the results of tests
that screen the learning and memory abilities of compromised infants and the effective-
ness of the intervention procedures that are used with such infants.

In the Hartshorn et al. (1998b) study, the experimental conditions at the time of train-
ing and testing were identical. In fact, a general law of memory is that retention is best
when the conditions of encoding (training) and retrieval (testing) most closely match. In
everyday life, however, the likelihood that these conditions will remain the same decreases
as the retention interval becomes longer. An important developmental question, then, is
how differences between the conditions of training and testing affect long-term memory
over the infancy period.

To answer this, Hartshorn et al. (1998a) trained infants between 3 and 12 months of
age in either the mobile or train task and tested them with different cues (mobiles or
trains) or in different contexts after delays that spanned the entire forgetting function of
each age. Between 3 and 6 months of age, infants who were tested with a different cue
in the original context exhibited no retention after any delay. Moreover, their memories
were highly specific. Three-month-olds, for example, failed to recognize a test mobile
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Figure 5.4 The maximum duration of retention (in weeks) of independent groups of infants over
the first 18 months of life in studies using one of two operant tasks. Six-month-olds were trained
and tested in both the mobile and the train tasks.



composed of small pink blocks, for example, if the +s that had been displayed on its sides
one day earlier (see Figure 5.2a) were just 25 percent smaller or larger than the +s on
their test mobile. At 9 and 12 months of age, however, infants’ memory performance was
very different: They discriminated (i.e., did not respond to) a novel test cue from their
original training cue only after relatively long test delays and generalized (i.e., responded)
to a novel test cue only after shorter delays. This result was counterintuitive. After all, the
details of a cue are usually remembered best – and discriminated – after short delays, and
generalization is usually seen after longer delays, when the details have been forgotten.
This pattern occurs because we usually remember the specific details of an event (e.g.,
who said what to whom in a movie) best immediately it happens; as time passes, we 
gradually forget its specific details, and eventually, we remember only its gist (e.g., what
the movie was generally about). Moreover, the fact that infants discriminated the very
same novel test cue after long delays meant that they could surely discriminate that it was
different from their training cue after short delays as well! This raised an interesting ques-
tion: Why did the older infants disregard the perceptible difference between the training
and test cues after delays so short (i.e., one day–two weeks) that they could easily remem-
ber the details of the original cue? Apparently, by 9 months of age, infants have begun
to “test the waters” to determine if other objects that they encounter in a particular context
are functionally equivalent to objects that they previously encountered in that same, dis-
tinctive context. That is, the older infants checked whether the discriminably different
new objects “worked” in the same way as the old ones. After longer delays when retrieval
was more difficult, the cues presented at the time of testing had to match those that were
present at the time of encoding (training) in order for the memory to be retrieved.

Infants who were tested with the original cue in a different context exhibited a differ-
ent developmental pattern. After all test delays except the very longest, infants at all ages
except 6 months recognized the training cue even though the context in which they were
tested was different. At 6 months – the age just before infants are able to crawl from one
place to another, the opposite pattern was seen. In essence, infants readily generalized
what they had learned from one place to another except after the longest delays, when
retrieval was much more difficult. As was the case with the test cue, a more complete set
of retrieval cues was required in order for the memory to be successfully retrieved at this
point. As a result, the test context had to match the context in which encoding had
occurred after long retention intervals. This finding reveals that information about the
place where something happened is represented in the infant’s memory but is unimpor-
tant for retrieval of that event except after very long delays. Parents should be comforted
to know that their infants can show what they learned at the day-care center or at
grandma’s house once they get home – a different context – if given an opportunity to
do so before too much time has passed!

Deferred Imitation

Memory for an event can also be measured by an infant’s ability to reproduce a behav-
ior that was previously modeled by another individual after a delay – a paradigm called
deferred imitation. This paradigm provides a measure of cued-recall. Deferred imitation
was originally described by Piaget (1962) from observations of his own children. He
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described how his daughter (Jacqueline) precisely imitated a peer’s temper tantrum that
she had seen 24 hours earlier. According to Piaget, Jacqueline watched as a peer tried to
get out of his playpen. The boy screamed, moved the playpen backwards, and stamped
his feet. The following day when Jacqueline was placed in her playpen, she imitated the
same series of actions even though the boy was not there. To be consistent with Piaget’s
original conception of deferred imitation, a “true” deferred imitation paradigm requires
that infants do not practice the target behavior(s) prior to the long-term test so that their
memory performance can be based only on a representation of the originally modeled
event and not on a memory of their own prior actions (Meltzoff, 1990).

Piaget (1962) claimed that deferred imitation did not emerge until infants were 18 to
24 months of age. Although some studies have supported Piaget’s developmental
timetable (Abravanel, Levan-Goldschmidt, & Stevenson, 1976; McCall, Parke, &
Kavanaugh, 1977), others have lacked essential control groups, making conclusions
regarding the earliest appearance of deferred imitation tenuous at best. Meltzoff (1990)
challenged Piaget’s fundamental assumptions. Examining deferred imitation under highly
controlled experimental conditions, he demonstrated that 14-month-olds exhibited
deferred imitation after a 4-month delay (Meltzoff, 1995) and 9-month-olds did so after
a 24-hour delay (Meltzoff, 1988a). Subsequently, Barr, Dowden, and Hayne (1996) found
that infants as young as 6 months of age also exhibited deferred imitation after a 24-hour
delay. In their study, an experimenter modeled a sequence of three specific actions with
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Figure 5.5 The experimental arrangement used with 6- to 24-month-old infants in the deferred
imitation paradigm. Shown here is a 6-month-old removing a mitten from the puppet’s hand –
an action modeled by the experimenter 24 hours earlier.



a puppet. The sequence was removing a mitten from a puppet’s hand, shaking the mitten
to ring a bell that was attached inside the mitten, and replacing the mitten on the puppet’s
hand (see Figure 5.5). These target actions were modeled either three times for a total of
30 sec or six times for a total of 60 sec, and deferred imitation was assessed 24 hours later
during a time-limited response period. If allowed sufficient exposure to the modeling, 6-
month-olds exhibited deferred imitation of the puppet task, responding successfully if the
demonstration lasted 60 sec but not if it lasted only 30 sec. These results challenge previ-
ous claims that deferred imitation is not possible before 9 months of age because the pre-
frontal cortex or the limbic system is too immature before then (Bachevalier & Mishkin,
1984; Diamond, 1990), and they add to prior evidence, gathered in operant condition-
ing studies, that long-term memory emerges well before 8 to 9 months of age.

To examine 6-month-old infants’ ability to imitate multiple actions, Collie and Hayne
(1999) constructed infant activity or “busy” boards that resemble those that are com-
mercially available. During the demonstration session, the experimenter modeled the
target actions on half of the objects that were arranged on either a 6-object or 12-object
board, while the other half of the objects on each board served as distractors and were
never touched by the experimenter during the demonstration. Each target action was
modeled six times. To succeed on the test, infants had to locate the target objects amongst
the distractors and then remember what to do with them. Despite the increased difficulty
of the task, 6-month-olds successfully imitated the modeled actions during the response
period 24 hours later. Taken together, these studies suggest that failures to document
deferred imitation by young infants are more likely to reflect the choice of an inappro-
priate task or task parameters as to reflect infants’ fundamental inability to imitate what
they saw an adult doing earlier.

As in the studies with mobiles and trains (see preceding section), older infants gener-
alize imitative responding to novel test cues only after relatively short delays, when they
can clearly distinguish that the test cues are different. After longer delays, they will not
imitate actions if presented with test objects that differ in some way from the object on
which the actions were originally modeled. At 12–14 months of age, for example, infants
in deferred imitation studies generalize to an object that differs in color but not in form
after 10min (Barnat, Klein, & Meltzoff, 1996; Hayne, MacDonald, & Barr, 1997) but
not after one day; by 18 months of age, however, they generalize to an object that differs
in color after one day; and by 21 months of age, they generalize to a cue that differs in
both color and form after one day (Hayne et al., 1997). Likewise, 12- to 14-month-olds
readily imitate a simpler task (one that they remember for as long as four months) in
contexts different from where they had originally seen the actions modeled after delays
as long as 28 days (Hanna & Meltzoff, 1993; Klein & Meltzoff, 1999).

Developmental increases in generalized responding may also explain recent reports of
changes in infants’ ability to imitate actions seen on television. In general, infants’ ability
to imitate a televised demonstration lags well behind their ability to imitate a live demon-
stration. When the demonstration is live, for example, 6-month-olds imitate an adult’s
actions on objects after a 24-hour delay (Barr et al., 1996), but when the same demon-
stration is televised, infants do not imitate the same multistep actions before they are 18
months old (Barr & Hayne, 1999). Between 14–15 months, however, infants can imitate
some televised actions (Barr & Hayne, 1999; Meltzoff, 1988b). One potential explana-
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tion for these findings is that the physical attributes of the three-dimensional object seen
at the time of testing and the two-dimensional image seen during the original demon-
stration may not overlap sufficiently to permit retrieval of the original memory repre-
sentation at younger ages.

In the past, the fundamental barrier to systematic research on memory development
during the infancy period was the lack of tasks that were appropriate for infants of different
ages, whose motor abilities and interest vary dramatically. As shown in Figure 5.4, develop-
ment of the train task as an upward extension of the mobile task finally enabled 
age-related changes in long-term retention to be documented across a wide age range.
Another problem has plagued studies using deferred imitation procedures. In the past, 
the lack of proper controls for potential age-related changes in the spontaneous production
of target behaviors compromised conclusions about age-related changes in deferred 
imitation (i.e., retention). Studies using the puppet task (described above), however, have
included age-matched control groups and have found that infants’ spontaneous production
of target behaviors is consistently low between 6 and 24 months of age. This finding enabled
the assessment of developmental differences in deferred imitation across a wide age range.
To examine potential age-related differences in retention, Barr and Hayne (2000) compared
the imitation performance of 6-, 12-, and 18-month-olds who were tested either immedi-
ately or after delays ranging from 1 to 42 days. They found that long-term retention increased
linearly across this age range, following the same pattern depicted in Figure 5.4: 6-month-
olds exhibited retention after 1 but not 7 days, 12-month-olds exhibited retention after 7
but not 14 days, and 18-month-olds exhibited retention after 28 but not 42 days.

In a variation of the deferred imitation procedure (“elicited imitation”), infants are
given an opportunity to practice the target behaviors prior to the retention interval (e.g.,
Bauer, Hertsgaard, & Dow, 1994). Unfortunately, task parameters have varied not only
from study to study but also within studies. In one study, for example, infants manipu-
lated the objects until they began to mouth them or throw them on the floor. As a result,
the duration of their baseline and test phases ranged from 20sec to 145sec for different
infants within the same experiment (Bauer & Hertsgaard, 1993). Yet, a mere 30 sec is the
difference in whether or not a 6-month-old can exhibit deferred imitation one day later
(Barr et al., 1996)! As a result, conclusions about age-related changes in imitation that
are based on data from studies using this procedure are difficult to evaluate. Nonetheless,
1- to 2-year-olds were reported to exhibit retention after six weeks (Bauer & Shore, 1987),
and limited evidence of retention at this age was reported after eight months (Bauer et
al., 1994). Furthermore, retention was consistently influenced by the structure of the
target event (Bauer & Mandler, 1989; Bauer & Shore, 1987). Without exception, infants
recalled a series of actions that could only be performed in a specific order (“enabling” or
“causal” events, such as making a rattle by placing a ball in a container, putting a lid on
it, and shaking it) better than actions that could be performed in any order (“arbitrary”
events, such as dressing a teddy bear by putting a ring on its finger, a scarf around its
neck, and a cap on its head). The result was found even when the enabling and arbitrary
events were matched on the basis of target actions and event goals (Barr & Hayne, 1996)
and was obtained with older children (Fivush, Kuebli, & Clubb, 1992) and adults
(Ratner, Smith, & Dion, 1986) as well.

At any given age, the particular behaviors that infants can imitate after a delay depend
on task difficulty and complexity (Barr & Hayne, 1999, 2000). With increasing age, the
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range of behaviors that infants can imitate expands from facial and body movements
(Meltzoff & Moore, 1994), to specific actions on a specific object and then on similar
objects (Barr et al., 1996; Hayne et al., 1997), to intended actions and social goals 
(Meltzoff, 1995). This gradual developmental progression is thought to reflect develop-
mental increases in infants’ motor competence and cognitive abilities as well as age
changes in their social niche. The ability to defer imitation per se, however, may be present
much earlier.

Reminder Procedures

Many prominent theories of human development assume that the increasing number and
complexity of behaviors that appear over the course of infancy and early childhood are
constructed from and shaped by infants’ prior experiences, which gradually and progres-
sively accrue. This account requires that young infants maintain a relatively enduring
record of their experiences sufficiently long that their subsequent experiences can, in 
fact, accumulate with them. Some psychologists, however, have argued that the young
infant’s brain is too immature before the end of the first year to encode and maintain
memories over the long term (Kagan & Hamburg, 1981; C. Nelson, 1995; Schacter 
& Moscovitch, 1984), and others have argued that until children are verbal and can
rehearse events by periodically talking about them, it is not possible for them to retain a
memory over a long period of time (K. Nelson, 1990). Assertions such as these have cast
serious doubt on the reputed importance of early experiences. Reminders, however, can
dramatically protract infants’ memories. Two reminder paradigms that are increasingly
used in memory studies with infants and young children are reinstatement and reactiva-
tion. Whereas reactivation has primarily been used with infants between 2 and 18 months
of age, reinstatement has primarily been used with preschool- and school-aged children.
Both types of reminder protract retention so that it is exhibited after delays not other-
wise possible, and many developmental psychologists use the terms “reinstatement” 
and “reactivation” interchangeably, but they are very different both procedurally and 
functionally.

Reinstatement

The reinstatement procedure was introduced by Campbell and Jaynes (1966), who pro-
posed that it was a mechanism by which early memories could be maintained over sig-
nificant periods of development. They defined reinstatement as a small amount of
periodic practice or repetition of an original experience throughout a retention interval.
As evidence for their proposal, they gave rat pups 30 shocks on the black side of a shuttle-
box in a fear-conditioning procedure. Thereafter, pups received a single shock 7, 14, and
21 days later and a retention test for conditioned fear 28 days later – one week after their
last reinstatement. A forgetting control group was trained and tested 28 days later without
any interpolated shocks, and a reinstatement control group received the weekly shocks
and the retention test but was not originally trained. During the test, only rats who were
both trained and reminded exhibited retention of conditioned fear. Presumably, the peri-
odic reminders forestalled forgetting in a fashion akin to throwing a new log on a dying
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fire. Other researchers (e.g., Campbell & Randall, 1976; Riccio & Haroutunian, 1979)
have studied the efficacy of presenting other fractional components of the original train-
ing situation (CS+, CS-, apparatus cues, context) as reinstatements. However, none main-
tained retention as effectively as a partial training trial.

Hartshorn (1998) was the first to test the reinstatement hypothesis with human
infants. After learning the train task at 6 months of age, infants received a brief rein-
statement at 7, 8, 9, and 12 months of age and were tested at 18 months of age. The
reinstatements involved a small amount of repeated practice with the train – a 2min
period during which lever presses made the train move. Although 6-month-olds other-
wise forget after two weeks, after receiving periodic reinstatements, they exhibited sig-
nificant retention during the 18-month test – one year after training was over.
Immediately after the 18-month test, infants received a fifth reinstatement. When retested
at 2 years of age, five of six infants still exhibited excellent retention despite having
received only a single reinstatement in the preceding year (at 18 months of age). Con-
trols who received the same reinstatement regimen without prior training exhibited no
retention after any delay.

Hartshorn also found that infants may not express a memory that has been maintained
over a long period in the same form as they originally encoded it. Recall that 6-month-
olds typically exhibit excellent retention if tested in the original training context but none
whatsoever if tested in a context different from where they were trained – a room in the
infant’s home (Hartshorn & Rovee-Collier, 1997). In contrast, 8-month-olds typically
respond in different test contexts for as long as 5–6 weeks. Hartshorn (1998) trained
infants at 6 months of age, gave them a 2-min reinstatement in the original training
context four weeks later, and then tested their retention four weeks later, at 8 months of
age. During the test, infants exhibited excellent retention whether tested in the original
context or in a different one. Apparently, the context-dependent memory that infants had
encoded as 6-month-olds was converted when it was retrieved two months later and
expressed in the form characteristic of 8-month-olds – as a context-independent memory
(see Tulving, 1983, for a discussion of conversion). Thus, old memories can still be
retrieved and used when infants are older, but they may not be recognizable if they are
expressed differently than when they were originally established.

Reactivation

The reactivation procedure was introduced by Spear and Parsons (1976). Instead of dis-
tributing reminders throughout the retention interval, as in the reinstatement procedure,
they gave weanling rats a single (shock) reminder 27 days after fear conditioning was over
and tested them one day later. Surprisingly, the weanlings’ retention was as good as that
of rat pups who were exposed to periodic shocks throughout the retention interval. Wean-
lings who were trained but not reminded and weanlings who were reminded but not
trained exhibited no evidence of retention during the long-term test. Spear and Parsons
described their alleviated forgetting procedure as “reactivation” in order to distinguish it
from reinstatement, which presumably allows no forgetting in the first place.

Unlike reinstatement, in which subjects are exposed to multiple reminders through-
out the retention interval, during reactivation, subjects are exposed to a single memory
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prime, or reminder, at the end of the retention interval, after forgetting is complete but
in advance of the long-term retention test. Also unlike reinstatement, in which subjects
receive a partial training trial with the full complement of original training cues, during
reactivation, subjects are exposed to only an isolated component of the original training
situation, such as the original cue or context.

In addition to differing procedurally, reinstatement and reactivation also differ func-
tionally, but most developmental psychologists have not distinguished between them. In
fact, Howe, Courage, and Bryant-Brown (1993) wrote that “the distinction between 
reinstatement and reactivation is . . . artificial in that both . . . have similar (if not the
same) memory-preserving effects” (p. 855). Reinstatement, however, is most effective
when the memory is active (i.e., is remembered), whereas reactivation is most effective
after the memory has been forgotten. When 3-month-olds were given either a single, 
3-min reactivation treatment or a single 3-min reinstatement three days after training,
when their memory was still active, they remembered the training event for one week
after reactivation but for two weeks after reinstatement (Adler, Wilk, & Rovee-Collier,
2000). On the other hand, when infants were given the same reminders 20 days after
training, when the memory was forgotten, they again remembered the training event one
day after reactivation (Hayne, 1990) but not after reinstatement (Galluccio & Rovee-
Collier, 1999). Just as researchers have attempted – with little success – to use fractional
components of the training situation as reinstatements, they have also attempted to use
multiple reactivations to protract retention even longer. These subsequent reactiva-
tions were effective only if the memory had been reforgotten by the time of reminding
(Hayne, 1990).

In the first test of reactivation with human infants, 3-month-olds were trained in 
the mobile task, exposed to a prime either 13 or 27 days later, and tested one day after-
ward (Rovee-Collier, Sullivan, Enright, Lucas, & Fagen, 1980). During the reactivation
procedure, infants were in a sling-seat in their cribs to minimize kicking; also, the ribbon
was not attached to infants’ ankle but was held by the experimenter, who pulled it to
move the mobile at the same rate each infant had moved it by kicking during the final
minutes of acquisition. Although 3-month-olds otherwise forget the mobile task within
a week, a single reactivation completely restored their retention during both the 2- and
4-week tests, and a second reactivation extended it for another two weeks (Hayne, 1990).
Controls who were primed without being trained exhibited no retention. In subsequent
studies of reactivation using the train task, infants sit on their mother’s lap in front of the
train set as they did during original training, but the lever is deactivated, and the train is
computer-programmed to move as it had during an infant’s final minutes of acquisition.
The effectiveness of reminder procedures with infants is not limited to studies using
operant conditioning tasks. The memories of 14- to 18-month-olds who participated in
observational learning procedures are also protracted by exposure to a reactivation
reminder (Barr & Hayne, 2000; Sheffield & Hudson, 1994).

Particularly important is the finding that reactivated memories are not transient but
remain accessible to shape future behavior. Between 3 and 12 months of age, infants
forget reactivated memories at approximately the same rate that they forgot the original
memory, even though their duration of retention increases over this period. Thus, just a
single reactivation treatment, if administered one week after infants last remembered the
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task, essentially doubles the period over which a memory can be retrieved over the first
year of life (Hildreth, Wawrzyniak, Barr, & Rovee-Collier, 1999).

At 3 months of age, Fagen and Rovee-Collier (1983) found that a prime took 24 hours
to recover the forgotten memory, and the memory was not fully recovered for three 
days. Recently, Hildreth and Rovee-Collier (1999) have found that the latency of 
response to priming increases linearly over the first year of life. Because the memory 
prime was presented one week after infants of a given age last remembered the task, the
absolute delay between training and priming also increased with age because the 
older infants took longer to forget. Nonetheless, at 6 months, infants again recognized
the test cue within 1 hour of being exposed to a prime; at 9 months, they recognized 
it within 1min; and by 12 months, they recognized it instantaneously. The increased
speed of priming with age is consistent with evidence from visual habituation studies 
that the speed of information processing increases with age (Colombo & Mitchell, 
1990). Even at 3 months of age, however, a prime recovers information that has been
forgotten instantaneously if it is administered only 24 hours after training is over 
(Gulya, Rovee-Collier, Galluccio, & Wilk, 1998). Moreover, Hayne, Gross, Hildreth, 
and Rovee-Collier (2000) found that reactivating (priming) 3-month-olds’ memory 
two times decreased the latency of response from 24 hours (after one prime) to only 
1 hour (after two primes). Taken together, these findings indicate that developmental 
differences in the speed of priming are not caused solely by maturational changes in the
neural mechanisms that mediate it. Obviously, priming reflects a complex interaction
between maturational processes and experiential factors. The particular neurobiological
processes that underlie the effectiveness of priming (reactivation), however, have yet to
be elucidated.

Issues in Infant Memory

In the final section of this chapter, we consider (1) the development of multiple memory
systems in infancy, (2) recent evidence pertaining to the phenomenon of infantile
amnesia, and (3) memory distortions in infancy – a ubiquitous phenomenon with prac-
tical implications for eyewitness testimony by children and adults.

Ontogeny of Multiple Memory Systems

Until recently, memories of older infants and adults were thought to be mediated by a
fundamentally different system than memories of younger infants (McKee & Squire,
1993; Schacter & Moscovitch, 1984). Implicit (procedural) memory was viewed as a
primitive system, functional shortly after birth, that processes information automatically,
whereas explicit (declarative) memory was viewed as a late-maturing system that became
functional late in the first year. This notion was based on the Jacksonian principle, which
states that the last sensory and motor functions to appear during development are the
first to disappear when the organism undergoes demise. Because performance on implicit
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memory tasks (e.g., priming and perceptual identification) is spared in aging amnesics,
but performance on explicit memory tasks (e.g., recall and recognition) is impaired in
amnesics, psychologists were quick to conclude that implicit memory develops early in
development and that explicit memory develops much later. Ironically, this hypothesized
developmental hierarchy was never directly tested in studies with infants; instead, it was
only inferred from the memory dissociations of amnesics on priming and recognition
tasks (McKee & Squire, 1993). Normal adults also display the same dissociations on tasks
commonly used to distinguish implicit from explicit memory when instructed to respond,
for example, with “the first word that comes to mind” on a priming task or by “circling
the word you studied on the list a few minutes ago” on a recognition task (Tulving &
Schachter, 1990).

Recently, Rovee-Collier (1997) cited evidence from studies using a variety of proce-
dures that the same independent variables that produce memory dissociations in adults
on priming and recognition tests produce exactly the same memory dissociations in 2-
to 6-month-olds on the same types of tests. Given that memory dissociations are 
considered a diagnostic for two memory systems in adults, the fact that very young 
infants also exhibit them suggests that they possess two memory systems as well. After
all, it is illogical to use memory dissociations as the basis for positing two memory systems
in adults but only a single memory system in young infants! Moreover, the finding that
even 6-month-olds exhibit 24-hour deferred imitation (Barr et al., 1996), which is an
explicit memory task that amnesics cannot perform (McDonough, Mandler, McKee, &
Squire, 1995), raises serious questions about the meaningfulness of arguing that young
infants possess only a primitive (implicit) memory system (Schacter & Moscovitch, 1984;
Tulving & Schacter, 1990). If indeed there are two memory systems, then they do not
mature at different rates but develop simultaneously and in parallel throughout the
infancy period.

Infantile Amnesia

Although some adults can remember one or two events that occurred when they were 
2 years old (Usher & Neisser, 1993), most do not remember what occurred before the
age of 3 or 4 (Dudycha & Dudycha, 1933). This phenomenon, infantile amnesia, is
usually attributed to the functional immaturity of the neurological mechanisms respon-
sible for maintaining memories over the long term (C. Nelson, 1995) and to the inabil-
ity of preverbal infants to remember a prior event before they can rehearse it by talking
about it (K. Nelson, 1990). Recently, however, even very young preverbal infants have
been shown to remember a prior event after very long delays if they were periodically
exposed to multiple, nonverbal reminders (Rovee-Collier, 1999).

In one study, 8-week-olds learned the mobile task (Rovee-Collier, Hartshorn, &
DiRubbo, 1999) and then received periodic reminders every three weeks thereafter
through 26 weeks of age (six reminders altogether). Immediately before each reminder,
infants received a preliminary retention test to determine whether the memory was active
or not at the time of reminding. Infants who exhibited retention during the preliminary
test received a reinstatement reminder (active memory). Infants who did not exhibit reten-
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tion received a reactivation reminder (inactive memory). All infants received a final reten-
tion test at 29 weeks of age, when the experiment had to be terminated because infants
outgrew the task. Although 8-week-olds otherwise forget the mobile task after only 1–2
days, they still exhibited significant retention 4.5 months later after being exposed to peri-
odic reminders, and four of the six infants still remembered 5.25 months later when the
experiment had to be terminated. Had it been possible to continue the study, some of
these infants undoubtedly would have remembered even longer. Yoked reminder controls
who were not originally trained but received the same reminders as their experimental
counterparts exhibited no retention after any delay.

Recall also that Hartshorn (1998) had maintained a memory of the train task
(described earlier) that had been established at 6 months of age for 1.5 years, through 
2 years of age, after exposing infants to only five, periodic reinstatements. Taken together,
these studies provide unequivocal support for the hypothesis that periodic reminding can
maintain early memories over a significant period of development. Moreover, because
periodic nonverbal reminders maintained the memories of two comparable events (the
mobile task and the train task) over an overlapping period between 2 months and 2 years
of age, it is highly likely that appropriate periodic nonverbal reminders could also 
maintain the memory of a single event from 2 months through 2 years of age, if not 
longer. This time encompasses the entire span of the developmental period thought to
be characterized by infantile amnesia (Fivush & Hamond, 1990; Usher & Neisser, 1993).
These findings will necessitate a second look at the various accounts of infantile amnesia.
Clearly, both of the current accounts – brain immaturity and the inability to verbalize –
are incomplete.

What might be some alternative explanations of infantile amnesia? First, because the
memory attributes that represent contextual information (i.e., when and where an event
happened) are relatively fragile, and this kind of information is lost over repeated
reminders (Hitchcock & Rovee-Collier, 1996; see below), older children and adults may
actually remember early-life events but be unable to pinpoint their origins. Second,
because memories encoded early in life have probably been modified or updated many
times, their original source may be impossible to identify. And, third, because memories
are converted at the time of retrieval and expressed in an age-appropriate manner, they
may simply not be recognized as having originated at a much earlier time.

Memory Distortions

Memory distortions speak to the issue of the accuracy of memory and are as ubiquitous
among infants as they are among older children and adults. It is important to distinguish
between accuracy and completeness. A memory can be accurate but incomplete, but it is
neither accurate nor complete if it is distorted. The accuracy of infants’ memories depends
largely on the delay after which the memory is retrieved, how many times the memory
was previously retrieved, and whether potentially interfering information was encoun-
tered between the original event and its retrieval.

Very young infants’ memories are surprisingly accurate for the details of an event and,
like the memories of adults, become increasingly fuzzy as time passes. Eventually, they
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forget the specific details of the event even though they still remember its general features
or gist (Rovee-Collier & Sullivan, 1980). Hitchcock and Rovee-Collier (1996) also found
that specific information about the place where an event occurred and the details of the
event itself eventually become “lost” from the infant’s memory over the course of repeated
reactivations, even if the repeated reminders are always in the original context with the
original cue. After several reactivations over a long period of time, infants subsequently
recover only a highly generalized memory. Moreover, the details of the context in which
the event originally occurred are lost before the details of the event itself. These results
were anticipated by Furlong (1951, cited in Tulving, 1983), who hypothesized that “ret-
rospective” memory becomes nonretrospective memory as the context fades. The fact that
the first information to be lost from infants’ memory is contextual may also contribute
to the phenomenon of infantile amnesia (see above).

Despite their accuracy, however, infants’ memories are highly susceptible to modifica-
tion – sometimes thought of as “updating” – by information that they subsequently
encounter. This modification occurs in the same way that memories of children and adults
are distorted in studies of eyewitness testimony (Rovee-Collier, Borza, Adler, & Boller,
1993). In all instances, new information that subjects merely witness after an event is
over affects their subsequent memory of that event. This modification can take two forms
– retention of the original event is impaired, and/or the new information is incorporated
into the original memory. Not surprisingly, memories are more easily modified when they
are weaker – the longer the delay between the original event and the new information,
the stronger the effect. Moreover, if the delay is sufficiently long that the details of the
original cue or context have been forgotten at the time when the new information is
encountered, then the details of the most recent cue or context are actually substituted
for the original details, producing a relatively permanent memory distortion (Boller,
Rovee-Collier, Gulya, & Prete, 1996; Rovee-Collier, Adler, & Borza, 1994). Exactly this
same process is thought to underlie the memory distortions of children and adults
(Neisser, 1997). Memory distortions are, however, more amenable to experimental inves-
tigation in infants than in adults for two primary reasons. First, infants’ memories are less
enduring, making it possible to study the effect on memory of introducing new infor-
mation at different points along the individual’s entire forgetting function. Second, the
source of new information can more rigorously be controlled in infants.

The ubiquity of memory distortions, however, suggests that what we, as adults, view
as an anomaly of memory may actually be adaptive. After all, it may be more efficient to
simply update an old memory to reflect current circumstances than to encode and store
an altogether new memory along with an old one that is no longer predictive. One would
expect this to be particularly true for less mature organisms who undergo periods of rapid
change.

Conclusions

Irrespective of the paradigms that have been used to assess infant memory, the mecha-
nisms that mediate memory processing appear to be fundamentally the same in infants
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and adults: Memories are forgotten gradually, are recovered by reminders, and are modi-
fied by new information that overlaps with old. In addition, infants’ early memories are
highly specific and include information about the setting where events take place. As in
children and adults, however, their memories are readily updated by new information
that substitutes for information in the original memory once its details are forgotten.
Even though memory processing does not change qualitatively over the course of devel-
opment, it does change quantitatively. The temporal parameters of memory processing,
for example, change with age: Both the duration of retention and the speed of retrieval
increase dramatically with age, although the absolute values of each depend on the para-
meters of original training at all ages.

Recent evidence of the sophistication, longevity, and specificity of infants’ early memo-
ries, gathered from different paradigms, directly contradicts older views that young
infants’ memories are primitive, short-lived, diffuse, and devoid of place information. In
short, infants pick up a lot of information both about their environments and the rela-
tionships in it, and they remember that information for long periods – especially in rela-
tion to the brief period of time they have lived! After a single reminder of an event in
which they participated, infants can remember twice as long as they did originally, and
after multiple reminders, they can remember for longer than a year. If individuals peri-
odically encounter appropriate nonverbal reminders of an event that occurred during early
infancy, they could theoretically remember that event forever!

Further Reading

The following list expands upon the topics reviewed in the present chapter. The list includes
seminal papers on habituation, operant conditioning, deferred imitation, and reminder procedures.
The Rovee-Collier (1997) article provides a comprehensive review of data and theory pertaining
to the development of memory systems.

Barr, R., Dowden, A., & Hayne, H. (1996). Developmental changes in deferred imitation by 6-
to 24-month-old infants. Infant Behavior and Development, 19, 159–170. This is the first report
of deferred imitation in infants as young as 6 months and also of developmental changes in
deferred imitation across a wide age range using the same task.

Barr, R., & Hayne, H. (2000). Age-related changes in imitation: Implications for memory devel-
opment. In C. Rovee-Collier, L. P. Lipsitt, & H. Hayne (Eds.), Progress in infancy research (Vol.
1, pp. 21–67). Mahwah, NJ: Erlbaum. This chapter summarizes recent work on age-related
changes in deferred imitation expanding upon the present discussion.

DeCasper, A. J., & Fifer, W. P. (1980). Of human bonding: Newborns prefer their mothers’ voices.
Science, 208, 1174–1176. This paper reports that infants within a day or so of birth will learn
an operant response that gives them selective access to the voice that they had heard in the
womb.

Fantz, R. L. (1964). Visual experience in infants: Decreased attention to familiar patterns relative
to novel ones. Science, 46, 668–670. This classic study showed that infant attention habituates
during repeated exposures to the same pattern but is maintained at a high level during repeated
exposures to changing patterns.
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Galluccio, L., & Rovee-Collier, C. (1999). Reinstatement effects on retention at 3 months of age.
Learning and Motivation. This study with 3-month-olds directly compares reinstatement and
reactivation procedures administered along the same general timeline but when the memory is
active or inactive, respectively.

Meltzoff, A. N., & Moore, M. K. (1977). Imitation of facial and manual gestures by human
neonates. Science, 198, 75–78. This important report of imitation by infants only hours old ini-
tiated a storm of controversy over the imitative capacity of young infants.

Rovee, C. K., & Rovee, D. T. (1969). Conjugate reinforcement of infant exploratory behavior.
Journal of Experimental Child Psychology, 8, 33–39. This was the first report of free operant con-
ditioning with very young infants. It is notable for the unusual character of the reinforcer, its
long sessions, and its arousal controls.

Rovee-Collier, C. (1997). Dissociations in infant memory: Rethinking the development of implicit
and explicit memory. Psychological Review, 104, 467–498. This article reviews numerous paral-
lels between memory data from infants, who are thought to be capable of implicit memory only,
and adults, who are thought to be capable of explicit memory as well. It concludes that infants
and adults possess the same memory systems.
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Chapter Six

Functional Brain Development 
During Infancy

Mark H. Johnson

Theoretical Overview

What is development? Many introductory biology textbooks define development in 
terms of an “increasing restriction of fate.” What this means is that as the biological 
development of an individual (ontogeny) proceeds, the range of options for further 
specification or specialization available to the organism at that stage decreases. Structural
or functional specialization is an end state in which there are few or no options left 
to the organism. By this view, plasticity can be defined as a developmental stage in which
there are still options available for alternative developmental pathways. Another 
dimension of ontogenetic development is that it involves the construction of increas-
ingly complex levels of biological organization, including the brain and the cognitive
processes it supports. As we will see later in this chapter, organizational processes at one
level, such as cellular interactions, can establish new functions at a higher level, such 
as that associated with overall brain structure. This characteristic of ontogeny means 
that a full picture of developmental change requires different levels of analysis to be 
investigated simultaneously. The developmentalist, I suggest, needs to go beyond 
statements such as a psychological change being due to “maturation,” and actually 
provide an account of the processes causing the change at cellular and molecular 
levels. Thus, as distinct from most other areas of psychology, a complete account of devel-
opmental change specifically requires an interdisciplinary approach. Some of the dimen-
sions of ontogenetic development discussed above are summarized in Figure 6.1. This

Sections of text in this chapter are adapted from Johnson (1997a,b; Johnson & de Haan, in press), and
I am grateful to my various colleagues and collaborators who commented on those works for their indi-
rect contribution to the present chapter. The preparation of this chapter was funded by Medical Research
Council grant G97 155 87, and EC Biomed 2 grant BMH4-CT97-2032.
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figure illustrates three dimensions of change in development, with the space of possible
outcomes becoming narrowed while the levels of organization present (molecular, 
cellular, organismal) increase.

Despite the above considerations, it is only in the past decade that there has been
renewed interest in examining relations between brain and cognitive development (e.g.,
Diamond, 1991; Johnson, 1993; Nelson & Bloom, 1997). Biological approaches to
human behavioral development fell out of favor for a variety of reasons, including the
widely held belief among cognitive psychologists in the 1970s and 1980s that the “soft-
ware” of the mind is best studied without reference to the “hardware” of the brain.
However, the recent explosion of basic knowledge on mammalian brain development
makes the task of relating brain to behavioral changes considerably more viable than 
previously. In parallel, new molecular and cellular methods, along with theories of self-
organizing dynamic networks (see chapter 3 in this volume), have led to great advances
in our understanding of how vertebrate brains are constructed during ontogeny. These
advances, along with those in functional neuroimaging, have led to the recent emergence
of the interdisciplinary science of developmental cognitive neuroscience (see Johnson,
1997a,b).

There are a number of assumptions commonly made about the relation between brain
development and behavioral change which stem from the adoption of a “predetermined
epigenesis” view of development. Epigenesis refers to the process through which genes
interact with their environment (at various levels, inside and outside the organism) 
to produce new structures. Gottlieb (1992) has distinguished between predetermined 
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epigenesis and probabilistic epigenesis. Predetermined epigenesis is the view that there is 
a one-way causal pathway from genes to proteins to brain to cognition. In other 
words, there is a “genetic blueprint” which imposes itself on the developing organism in
a direct way. In contrast, probabilistic epigenesis is the view that there are two-way 
interactions through all levels of organization. While most people would acknowledge
that there are complex interactions between genes and environment and back at the 
molecular, genetic, and cellular level involved in development, the predetermined 
epigenesis view still tends to dominate assumptions about the relation between brain
development and cognition. Specifically, it is often assumed that brain development
involves a process of unfolding of a genetic plan, and that “maturation” in particular
regions of the brain causes or allows specific advances in cognitive, perceptual, or 
motor abilities in the infant or child. This overly static view of brain development fails
to capture the importance of two-way interactions between brain and behavior, and 
the importance of activity-dependent processes in neural development. Brain develop-
ment is not just a genetic process, but is an epigenetic one crucially dependent on complex
interactions at the molecular, cellular, and behavioral levels. Indeed, later I will argue that
attentional biases in human infants contribute to their subsequent patterns of brain 
specialization.

Another contentious topic in brain and behavioral development concerns the nature
of plasticity. When brain development is commonly viewed simply as the unfolding 
of a genetic blueprint, recovery of function after early brain damage is then attributed 
to specialized mechanisms of plasticity which are only activated in such cases. In 
fact, plasticity is probably better viewed as an inherent property of development. As 
mentioned earlier, and like any aspect of biological development, brain growth 
involves a process of increasing specialization (restriction of fate) in the sense that tissue
or cells become more specialized in their morphology and functioning during the process.
Plasticity simply represents the state of not yet having achieved specialization at 
some level. For example, a piece of tissue from the cerebral cortex may not yet have devel-
oped specialization for processing a certain category of information when a neighbor-
ing region is damaged. The same developmental mechanisms that would have ensured
specialization for one type of processing may now bias the tissue toward the type of 
processing normally subserved by its unfortunate neighbor. Thus, in many instances
abnormal patterns of brain specialization in developmental disorders may reflect the
action of normal developmental processes following some earlier perturbation from the
normal pathway. Identifying and understanding the mechanisms underlying specializa-
tion, particularly in postnatal life, remains one of the major challenges for developmen-
tal cognitive neuroscience.

Methods

Part of the reason for the recently renewed interest in relating brain development to 
cognitive change comes from advances in methodology which allow hypotheses to be 
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generated and tested more readily than previously (see also Nelson & Bloom, 1997). 
One set of tools relates to brain imaging – the generation of “functional” maps of 
brain activity based on either changes in cerebral metabolism, blood flow, or electrical
activity. Some of these imaging methods, such as positron emission tomography (PET),
are of limited utility for studying transitions in behavioral development in normal 
infants and children due to their invasive nature (requiring the intravenous injection of
radioactively labeled substances) and their relatively coarse temporal resolution (of the
order of minutes). Two brain-imaging techniques are currently being applied to 
development in normal children – event-related potentials (ERPs) and functional mag-
netic resonance imaging (fMRI).

ERPs involve using sensitive electrodes on the scalp surface to measure the electrical
activity of the brain generated as groups of neurons fire synchronously. These recordings
can either be of the spontaneous natural rhythms of the brain (EEG), or the electrical
activity induced by the presentation of a stimulus (ERP). Normally the ERP from many
trials is averaged, resulting in the spontaneous natural rhythms of the brain that are unre-
lated to the stimulus presentation averaging to zero. With a high density of electrodes on
the scalp, algorithms can be employed which infer the position of the brain sources of
electrical activity (dipoles) for the particular pattern of scalp surface electrical activity.
Recent developments of the ERP method allow relatively quick installation of a large
number of sensors, thus opening new possibilities in the investigation of infant brain
function.

Functional MRI allows the noninvasive measurement of cerebral blood flow (Kwong
et al., 1992), with the prospect of millimeter spatial resolution and temporal resolu-
tion on the order of seconds. Although this technique has been applied to children 
(Casey et al., 1997), the distracting noise and vibration, and the presently unknown pos-
sible effects of high magnetic fields on the developing brain, make its usefulness for
healthy children under 4 or 5 years of age unclear. However, there has been at least one
fMRI study of infants initially scanned for clinical reasons (Tzourio et al., 1992), and 
the advent of “open” scanners in which the mother can hold the infant may increase 
possibilities further.

Another useful approach for linking brain development to behavior is the “marker
task.” This method involves the use of specific behavioral tasks which have been linked
to a brain region or pathway in adult primates and humans by neurophysiological, neu-
ropsychological, or brain-imaging studies. By testing infants or children with versions of
such a task at different ages, the researcher can use the success or otherwise of individu-
als as indicating the functional development of the relevant regions of the brain. Later in
this chapter, several lines of inquiry which illustrate the marker-task approach are dis-
cussed.

Finally, the recent emergence of connectionist neural network models offers the pos-
sibility of assessing the information-processing consequences of developmental changes
in the neuroanatomy and neurochemistry of the brain. For example, O’Reilly and
Johnson (1994) demonstrated how the microcircuitry of a region of vertebrate forebrain
could lead to certain self-terminating sensitive period effects. Such models promise to
provide a bridge between our observations of development at the neural level and behav-
ioral change in childhood.
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Postnatal Brain Development: The First Two Years

While some developmental processes can be traced from pre- to postnatal life, in post-
natal development there is obviously more scope for influence from the world outside the
infant. This need not be a passive process, but rather may reflect the actions of the infant
within his or her environment. A striking feature of human brain development is the
comparatively long phase of postnatal development, and therefore the increased extent 
to which the later stages of brain development can be influenced by the environment 
of the child.

A number of lines of evidence indicate that there are substantive changes during post-
natal development of the human brain. At the most gross level of analysis, the volume of
the brain quadruples between birth and adulthood. This increase comes from a number
of sources such as more extensive fiber bundles, and nerve fibers becoming covered in a
fatty myelin sheath which helps to conduct electrical signals. But perhaps the most
obvious manifestation of postnatal neural development as viewed through a standard
microscope is the increase in size and complexity of the dendritic tree of many neurons.
The extent and reach of a cell’s dendritic tree may increase dramatically, and it often
becomes more specific and specialized. Less apparent through standard microscopes, but
more evident with electron microscopy, is a corresponding increase in density of func-
tional contacts between neurons, synapses.

Huttenlocher (1990) and colleagues have reported a steady increase in the density of
synapses in several regions of the human cerebral cortex. For example, in parts of the
visual cortex, the generation of synapses (synaptogenesis) begins around the time of birth
and reaches a peak around 150 percent of adult levels toward the end of the first year. In
the frontal cortex (the anterior portion of cortex, considered by most investigators to be
critical for many higher cognitive abilities), the peak of synaptic density occurs later, at
around 24 months of age (but see Goldman-Rakic, Bourgeois, & Rakic, 1997). Although
there is variation in the timetable, in all regions of cortex studied so far, synaptogenesis
begins around the time of birth and increases to a peak level well above that observed in
adults.

Somewhat surprisingly, regressive events are commonly observed during the develop-
ment of nerve cells and their connections in the brain. For example, in the primary visual
cortex the mean density of synapses per neuron starts to decrease at the end of the first
year of life (e.g., Huttenlocher, 1990). In humans, most cortical regions and pathways
appear to undergo this “rise and fall” in synaptic density, with the density stabilizing to
adult levels at different ages during later childhood. The postnatal rise and fall develop-
mental sequence can also be seen in other measures of brain physiology and anatomy. For
example, PET studies of children can measure the glucose uptake of regions of the brain.
Glucose uptake is necessary in regions of the brain that are active, and because it is trans-
ported by the blood is also a measure of blood flow. Using this method, Chugani, Phelps,
and Mazziotta (1987) observed an adult-like distribution of resting brain activity within
and across brain regions by the end of the first year. However, the overall level of glucose
uptake reaches a peak during early childhood which is much higher than that observed
in adults. The rates return to adult levels after about 9 years of age for some cortical
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regions. The extent to which these changes relate to those in synaptic density is currently
the topic of further investigation.

A controversial issue in developmental neuroscience concerns the extent to which the
differentiation of the cerebral cortex into areas or regions with particular cognitive, per-
ceptual, or motor functions can be shaped by postnatal interactions with the external
world. This issue reflects the debate in cognitive development about whether infants are
born with domain-specific “modules” for particular cognitive functions such as language,
or whether the formation of such modules is an activity-dependent process (see Elman
et al. 1996; Karmiloff-Smith, 1992). Brodmann (1912) was one of the first to propose a
scheme for the division of cortex into structural areas assumed to have differing func-
tional properties. A century of neuropsychology has taught us that the majority of normal
adults tend to have similar functions within approximately the same regions of cortex.
However, we cannot necessarily infer from this that this pattern of differentiation is intrin-
sically prespecified (the product of genetic and molecular interactions), because most
humans share very similar pre- and postnatal environments. In developmental neurobi-
ology this issue has emerged as a debate about the relative importance of neural activity
for cortical differentiation, as opposed to intrinsic molecular and genetic specification of
cortical areas. Supporting the importance of the latter processes, Rakic (1988) proposed
that the differentiation of the cortex into areas is due to a protomap. The hypothesized
protomap either involves prespecification of the tissue that gives rise to the cortex during
prenatal life or the presence of intrinsic molecular markers specific to particular areas of
cortex. An alternative viewpoint, advanced by O’Leary (1989) among others, is that
genetic and molecular factors build an initially undifferentiated “protocortex,” and that
this is subsequently divided into specialized areas as a result of neural activity. This activ-
ity within neural circuits need not necessarily be the result of input from the external
world, but may result from intrinsic, spontaneous patterns of firing within sensory organs
or subcortical structures that feed into cortex, or from activity within the cortex itself
(e.g., Katz & Shatz, 1996).

Although the neurobiological evidence is complex, and probably differs between
species and regions of cortex, overall it tends to support the importance of neural 
activity-dependent processes (see Elman et al., 1996; Johnson, 1997a,b for reviews). With
several exceptions, it seems likely that activity-dependent processes contribute to the dif-
ferentiation of functional areas of the cortex, especially those involved in higher cogni-
tive functions in humans. During prenatal life, this neural activity may be largely a
spontaneous intrinsic process, while in postnatal life it is likely also to be influenced by
sensory and motor experience. However, it is unlikely that the transition from sponta-
neous intrinsic activity to that influenced by sensory experience is a sudden occurrence
at birth, for in the womb the infant can process sounds and generate movement, and in
postnatal life the brain maintains spontaneously generated intrinsic electrical rhythms
(EEG).

As just one of many examples of the effect of experience on cortical specialization,
PET studies of word recognition in adults have identified a localized region of the left
visual cortex as being involved in English word recognition, while not responding to other
stimuli such as random letter strings (Petersen, Fox, Posner, Mintun, & Raichle, 1988).
It seems implausible to suggest that we are born with a region of cortex prespecified 
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for English word recognition, so we are forced to conclude that at least some 
cortical functional specialization is experience-dependent. Other lines of evidence 
also support this conclusion. For example, studies of scalp-recorded event-related 
potentials in congenitally deaf subjects show that regions of the temporal lobe which 
are normally auditory, or multimodal, become dominated by visual input (Neville, 
1991). Despite these examples it is clear that there are also limits on the plasticity 
of cortex. Analyzing normal and abnormal processes of postnatal cortical specialization
will be one of the major challenges for developmental cognitive neuroscience over the
next decade.

Postnatal Brain Development and Behavioral Change

Much of the theorizing about relations between brain development and behavioral change
has centered on the notion of increasing influence of parts of the cerebral cortex over
more primitive subcortical circuits, or the influence of “higher” parts of cortex (such as
the frontal lobes) over other regions of cortex. There is, thus, the notion of an increasing
hierarchy of control over behavior. The reader will recognize that, cast in these terms, this
is very much an implicit causal epigenesis viewpoint with the development of certain
structures “enabling” new levels of control. Later in this chapter I will suggest these tran-
sitions can also be viewed from a probabilistic epigenesis framework. One of the main
domains in which increasing levels of brain control have been studied concerns visual ori-
enting and other simple visually guided actions.

Visually Guided Action and Orienting

In one of the first attempts to relate changes in behavior to brain development in infants,
Bronson (1974, 1982) argued that visually guided action in the newborn human infant
is controlled primarily by the subcortical retino-collicular visual pathway, and that it is
only by around 3 months of age that the control over visually guided behavior switches
to cortical pathways. Bronson reviewed a variety of neuroanatomical, electrophysiologi-
cal, and lesion evidence which indicated that structures on the subcortical visual pathway
are developmentally in advance of those on the cortical visual pathway in early infancy,
and used this evidence to account for differences between visually guided behavior in the
newborn infant as compared to that of the 3- or 4-month-old infant. More recently,
however, it has become apparent that there is probably some, albeit limited, cortical activ-
ity in newborns, and that the onset of cortical control is gradual rather than a sudden
transition. In 1990, I proposed a cognitive neuroscience model of the emerging levels of
control for visually guided movements, and especially eye movements (Johnson, 1990),
which was based on brain circuits for oculomotor control in the primate brain (Schiller,
1985) (see Figure 6.2). The neural pathways illustrated in this figure have been identi-
fied with particular functions associated with eye-movement control and shifts of atten-
tion. For brevity, only three of these pathways will be discussed here: (1) the pathway
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from the eye to the superior colliculus (this subcortical pathway has heavy input from
the temporal visual field and is thought to be important for rapid reflexive eye move-
ments to easily discriminable stimuli); (2) a pathway from the primary visual cortex (V1)
projecting to temporal lobe areas, such as the medial temporal area (MT) (believed to
play an important role in the detection of motion and in the smooth tracking of moving
targets); and (3) a pathway from V1 to other visual cortical regions, and then on to the
parietal cortex and the frontal eye fields (FEF). Structures on this third pathway are
thought to be involved in more complex aspects of eye-movement planning and atten-
tion, such as “anticipatory” saccades (which predict the location of a visual target) and
learning sequences of scanning patterns.

I proposed that the characteristics of visually guided behavior of the infant at partic-
ular ages is determined by which of the pathways (shown in Figure 6.2) is functional.
Which of these pathways is functional is, in turn, determined by whether or not they are
receiving structured input from the primary visual cortex at that stage. The primary visual
cortex is the major gateway to most of the cortical pathways involved in oculomotor
control (Schiller, 1985), and, I argued, two factors determine which oculomotor path-
ways have access to information from this structure at particular points in development.
The first factor is that there is a specific pattern of inputs and outputs from different
layers of the primary visual cortex (e.g., Rockland & Pandya, 1979). The second factor
is that the primary visual cortex, like other cortical regions, shows a postnatal continua-
tion of the prenatal “inside-out” pattern of growth with the deeper layers (5 and 6)
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Figure 6.2 A diagram representing some of the main neural pathways and structures involved 
in visual orienting and attention. The solid lines indicate primarily parvocellular input, while 
the dashed arrows represent magnocellular. V1–V4 = visual cortex, FEF = frontal eye fields, 
DPC = dorsolateral prefrontal cortex, BG = basal ganglia, SN = substantia nigra, LGN = lateral
geniculate (magno and parvo portions), MT = middle temporal area, IT = inferotemporal cortex,
SC = superior colliculus, BS = brain stem.



showing greater dendritic branching, length and extent of myelinization than more super-
ficial layers (2 and 3) around the time of birth. By combining these observations with
information about the developmental neuroanatomy of the primary visual cortex, I
hypothesized a particular sequence of postnatal development of the pathways underlying
oculomotor control, with pathways which receive input from the deeper layers of the
primary visual cortex being functional before those which depend on the upper layers for
input. Evidence was then collected from various behavioral “markers” of performance to
see if this corresponded with the predictions.

The model predicted that the locus of control in the newborn involved the subcorti-
cal pathway from the eye directly to the superior colliculus, and possibly also some cor-
tical projections from the deeper layers of V1 to superior colliculus. Due to the limitations
of this pathway visually guided movements at this age can be characterized as exogenously
driven. For example, the visual tracking of a moving stimulus is saccadic rather than
smooth, and these eye movements lag behind the movement of the stimulus, rather than
predicting its trajectory (Aslin, 1981). One important question that remained is whether
the subcortical visual pathway, in isolation of the cortical pathways, can drive saccades
on its own in infants. Braddick et al. (1992) studied two infants who had undergone
complete hemispherectomy (removal of the cortex on one side) to alleviate severe epilepsy.
They established that these infants were indeed able to make directed eye movements to
targets that appeared in their “cortically blind” visual field, indicating that the subcorti-
cal (collicular) pathway is capable of supporting saccades in human infants in the absence
of the cortex.

By around 2 months of age further development of middle layers in V1 would allow
output to the pathway involving MT (sometimes known as V5). In accord with this pre-
diction, at this age infants begin to show periods of smooth visual tracking, and become
sensitive to coherent motion in visual input (Johnson, 1990; Wattam-Bell, 1991). Further
growth of dendrites within the upper layers of the primary visual cortex could strengthen
projections to other cortical areas around 3 months of age, thus allowing pathways to the
frontal eye fields to become functional. This neuroanatomical development may allow
infants to make anticipatory eye movements and learn sequences of looking patterns, both
functions associated with the frontal eye fields. With regard to the visual tracking of a
moving object, at 3 months infants not only show smooth tracking, but their eye move-
ments often predict the movement of the stimulus in an anticipatory manner.

Consistent with the predictions from the model, behavioral marker tasks for the pari-
etal cortex, frontal eye fields (FEF), and dorsolateral prefrontal cortex (DLPC) all show
rapid development of abilities between 2 and 6 months of age. These behavioral marker
tasks are versions of tasks known to engage particular neural circuits or structures in adults
from neuropsychology and/or functional neuroimaging. A number of these tasks are sum-
marized in Table 6.1.

The approach discussed so far involves trying to test a neurodevelopmental model 
by looking at behavioral markers for different neural pathways and systems. While this
approach often provides a good start in investigating brain–behavior relations during
infants’ development, it is desirable to use more direct methods. Two such methods that
have been applied to the development of visual orienting and attention are the investiga-
tion of performance in infants who unfortunately suffered early perinatal brain damage,
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and the use of event-related potentials (ERPs). An example of the former approach is a
recent study in which infants who had suffered focal cortical damage in one or more 
of four quadrants of the cortex (anterior, posterior; left, right) were administered a 
behavioral marker test for the parietal cortex, the “spatial cueing” paradigm (Johnson,
Tucker, Stiles, & Trauner, 1998). The parietal cortex is thought to play an important 
role in so-called “covert” shifts of attention. That is, shifts of spatial attention that take
place without head or eye movements. The spatial cueing paradigm is an experimental pro-
cedure in which attention is cued to particular spatial locations. Based on the assumptions
of the model and the marker-task approach, we predicted that the infants with posterior
damage would show a deficit. In fact, to our surprise it was infants with anterior damage,
and particularly left anterior quadrant damage, who showed the deficit. Further support
for this surprising result came from a high-density ERP study with infants (Csibra, Tucker,
& Johnson, 1998). In this study we examined the electrical potentials associated with plan-
ning eye movements in infants. Here we also found evidence that level frontal activity was
important, specifically in maintaining fixation and facilitating saccades to a peripheral
target. These findings may require some changes in the Johnson (1990) model, since cir-
cuits involving the frontal lobe were hypothesized to be the last to develop. Smith and Can-
field (1998) have proposed an elaboration of this original model in which a pathway to the
frontal eye fields is functional earlier than was previously supposed. Such an elaborated
model may contribute to explaining the precocial involvement of frontal regions in eye-
movement control. Later in this chapter I discuss evidence from other domains indicating
that the frontal lobes may be active earlier then was supposed.

A number of conclusions can be drawn from studies reviewed in this section, and
suggest that we should be cautious about making simple assumptions about brain–
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Table 6.1 Marker tasks for the development of visual orienting and attention

Brain region Marker task Studies

Superior colliculus Inhibition of return; Clohessy et al. (1991); Simion 
Vector summation saccades et al. (1995); Johnson, Gilmore, 

Tucker, & Minister (1995)

MT Coherent motion detection; Wattam-Bell (1991); Aslin 
Structure from motion; (1981)
Smooth tracking

Parietal cortex Spatial cueing task Hood & Atkinson (1991);
Hood (1993); Johnson & Tucker 
(1993); Johnson (1994)

Eye-centered saccade planning Gilmore & Johnson (1997)

Frontal eye fields Inhibition of automatic saccades; Johnson (1995); Haith et al. 
Anticipatory saccades (1988)

Dorsolateral PFC Oculomotor delayed Gilmore & Johnson (1995)
response task



behavior relations during infant development. The first is that even a form of action 
as apparently simple as shifting the eyes involves multiple cortical and subcortical 
pathways. Further, multiple neural pathways and structures are probably engaged by any
behavioral task, making simple one-to-one mappings between tasks and regions difficult
to make. Nevertheless, there has been progress in generating and testing specific 
models that relate aspects of developmental neuroanatomy to changes in visually guided
behavior.

The Development of Face Recognition

While cortical regions involved in visually guided behaviors such as those described in the
last section are part of the so-called dorsal pathway (or “how” pathway due to its involve-
ment in visually guided actions) for visual processing, another pathway, the ventral
pathway, extends from visual cortex to regions of the temporal lobe and is sometimes
termed the “what” pathway (see Milner & Goodale, 1995). One of the functions of this
pathway is the processing of faces. Johnson and Morton (1991; Morton & Johnson, 1991)
reviewed much of the existing behavioral literature on face recognition in infants and
found two apparently contradictory bodies of evidence: while most of the evidence sup-
ported the view that it takes the infant two or three months of experience to learn about
the arrangement of features that compose a face (for reviews see Maurer, 1985; Nelson &
Ludemann, 1989), one team of researchers (Goren, Sarty, & Wu, 1975) suggested that
even newborns would track, by means of head and eye movements, a face-like pattern
further than various “scrambled” face patterns. This latter study has now been replicated
several times (Johnson, Dziurawiec, Ellis, & Morton, 1991; Maurer & Young, 1983).

The apparent conflict between the results of the newborn studies and those with older
infants raised a problem for existing theories of the development of face recognition that
involved only one process. Johnson and Morton (1991) proposed a two-process theory
of infant face preferences that, to some extent, was built on contemporary theories of the
development of visually guided behavior discussed in the last section (a closely related
account was provided by de Schonen & Mathivet, 1989). They argued that the first
system is accessed via the subcortical visuo-motor pathway (but likely also involves some
cortical structures) and controls the preferential orienting to faces in newborns. However,
the influence of this system over behavior declines (possibly due to inhibition by later
developing cortical systems) during the second month of life. The second process depends
upon cortical functioning, and exposure to faces over the first month or so, and begins
to influence infant orienting preferences from around 2 months of age. The newborn
preferential orienting system biases the input to circuitry on the ventral cortical pathway
which is still specializing. This circuitry is configured through processing face input,
before it comes to control the infant’s actions around the second month. At this point
the cortical system is sufficiently specialized for faces to ensure that it continues to acquire
further information about this class of stimulus. Thus, a specific, early-developing brain
circuit acts in concert with the species-typical environment to bias the input to later-
developing brain circuitry. In this sense, the young infant actively selects appropriate
inputs for his or her own further brain specialization.
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Turning to the second (cortical ventral pathway) system, we can use evidence from
adult neuroimaging and neuropsychological studies to ask the question, when do infants
show the same pattern of cortical specialization for face processing as adults? PET, fMRI,
ERP, and cellular recording experiments have all implicated regions of the inferior tem-
poral cortex as being important for face processing. For example, Bentin et al. (1996)
identified a component of the scalp-recorded ERP which occurs around 180 msec after
the presentation of a face, and which is localizable to parts of the inferior temporal cortex.
In many, but not all, adults the specificity of this region for face processing tends to be
lateralized with the right side being more face specific than the left. Again, this finding
confirms reports with other brain-imaging methods (Kanwisher, McDermott, & Chun,
1997). Using a high-density ERP recording system, de Haan, Oliver, and Johnson (1998)
replicated this finding for adults, and gave the same task to 6-month-old infants. The
results for infants were both similar and different to those obtained with adults. They
were similar in that there was a face-selective effect observed in the ERP. They were dif-
ferent in that this effect occurred at a much longer latency than in adults, the processing
appeared to be less localized than in adults, and the face response was less selective to
human faces (for details see Johnson & de Haan, in press). These results were consistent
with the view that 6-month-olds show partial specialization for face processing on their
ventral visual pathway. Studying older infants in the same paradigm will allow us to trace
the emergence of the adult level of neural specialization with more accuracy.

While the above studies were largely concerned with the discrimination and process-
ing of faces as compared to other stimuli, there has also been extensive behavioral work
on the development of the recognition of individual faces. These studies have shown that
even infants a day or two old are capable of some rudimentary recognition of faces, such
as that of their own mother. Johnson and Morton’s (1991) theory argued that this ability
was due to a third, visual pattern-learning, system. Johnson and de Haan (in press) have
used evidence on the neurodevelopment of memory systems (described further in the
next section) to propose that while the ventral cortical pathway is unspecialized in new-
borns, it is capable of limited processing of visual information and of interacting with the
hippocampus to construct a memory representation. The memory representations con-
structed in this way, however, do not use the same cues and processing as individual face
recognition in adults. Only when the ventral cortical pathway becomes specialized
through experience of faces do the memory representations stored in interaction with the
hippocampus become like those utilized by adults for individual recognition. One of the
predictions of this revised model is that infants will go through a dip in their ability to
recognize individual faces when their initial processing of faces changes around 2 months
of age. Preliminary evidence for such a dip has already been observed (de Schonen,
Mancini, & Liegeois, 1998).

Memory

Learning is clearly important in psychological development. However, it is sometimes 
difficult to tease apart the development of specific memory processes from general 
developmental plasticity. One of the first specific hypotheses advanced about the 
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neurodevelopment of memory was that the brain mechanisms necessary for the long-term
storage of information, most probably in the limbic system, are not functional for the
first year or two of life (Bachevalier & Mishkin, 1984; Schacter & Moscovitch, 1984).
These authors pointed to similarities between the amnesic syndrome (in which limbic
system damage in adults results in deficits in recognition memory but relative sparing of
learning stimulus–response “habits”) and the behavioral profile of memory abilities in
infants, and argued that the profile of infant memory abilities reflected the relatively
delayed postnatal maturation of limbic circuitry. However, recent evidence from both
cognitive and neuroscience studies has cast some doubt on this view. The cognitive evi-
dence comes from studies indicating that human infants can recall experiences from the
first year of life several years later (Rovee-Collier, 1993), suggesting some continuity of
memory mechanisms from early infancy to later life, and no marked transition from one
form of memory to another during development. The neuroscience evidence is that
lesions to the limbic system impair recognition memory abilities in infant monkeys in
the first month of life (Bachevalier, Brickson, & Hagger, 1993), indicating that even from
this early age the limbic system plays some role in memory processes.

Nelson (1995) proposed that there are several types of memory system that develop
from infancy: explicit, pre-explicit, working memory, and habit memory. While they have
overlapping developmental timetables, pre-explicit and habit memory are present from
birth, while explicit and working memory start to emerge after about 8 months. Specifi-
cally, he suggests that between 8 and 18 months of age infants become able to perform
certain tasks (such as “delayed nonmatch to sample” – identifying the novel object of a
pair) that depend on explicit or cognitive memory. This form of memory requires ade-
quate development of the hippocampus, but also related cortical areas within the tem-
poral lobe. However, apparently successful performance can be elicited from infants
younger than 8 months in tasks that depend solely on them showing a novelty prefer-
ence, and which do not require them to determine how often events were presented or
do not involve a delay before the response is required. Nelson (1995) hypothesizes that
this form of “pre-explicit” memory requires only the functioning of the hippocampus,
and not the related temporal cortex structures. Around 8 months of age in the human
infant, the development of temporal cortical areas, or their integration with the hip-
pocampus, correlates with a transition from pre-explicit to explicit memory.

Another memory system develops around the same age but shows more protracted
development, working memory. Like others, Nelson (1995) suggests that the dorsolateral
prefrontal cortex is a critical component of the neural substrate for this form of memory.
Nelson’s proposal corresponds with the observation that 6-month-olds can successfully
perform a marker task for the dorsolateral prefrontal cortex, the oculomotor delayed
response task (Gilmore & Johnson, 1995). Automatic “habit” memory is present from
birth, and shows a less protracted development than the other types. It is manifest in tasks
such as leg-kick conditioning (Rovee-Collier, 1993), eyeblink conditioning, and simple
visual discriminations. Some of these types of procedural learning probably involve the
cerebellum.

From the evidence discussed in this section it is evident that most memory tasks prob-
ably engage multiple memory systems, in a similar way to the partially independent brain
pathways that are engaged in eye-movement control and attention shifts. Thus, a lack of
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maturity in one or other pathway may be masked in some tasks due to compensatory
activity in other pathways. Possibly it is the extent of integration between different
memory pathways that is the most significant change with postnatal development. If this
is the case it is not until we have a more integrative account of the relations between dif-
ferent brain memory pathways that we will be able to make sense of the developmental
data.

Frontal Cortex Development, Object Permanence, and Planning

The region of the frontal lobe anterior to the primary motor and premotor cortex, the
prefrontal cortex, accounts for almost one-third of the total cortical surface in humans
(Brodmann, 1909) and is considered by most investigators to be critical for many higher
cognitive abilities (Fuster, 1989; Goldman-Rakic, 1987; Milner, 1982). In adults, types
of cognitive processing that have been associated with frontal cortex concern the plan-
ning and execution of sequences of action, the maintenance of information “on-line”
during short temporal delays (working memory), and the ability to inhibit a set of
responses that are appropriate in one context but not another. The frontal cortex shows
the most prolonged period of postnatal development of any region of the human brain,
with changes in synaptic density detectable even into the teenage years (Huttenlocher,
1990), and for this reason it has been the part of the brain most frequently associated
with cognitive development.

Two alternative approaches to the relation between frontal cortex structural develop-
ment and advances in cognitive ability in childhood have been taken. One of these is the
attempt to relate structural developments in the frontal cortex at a particular age to
changes in certain cognitive abilities. A refinement of this approach is that the frontal
lobes are composed of a number of regions which subserve different functions and show
a different timetable of maturation (e.g., Diamond, 1991). The alternative approach is
based on the assumption that the frontal cortex is involved in acquisition of new skills
and knowledge from very early in life, and that it may also play a key role in organizing
other parts of cortex (e.g., Thatcher, 1992). According to this latter view, regions of frontal
cortex are important in many cognitive transitions primarily because of the regions’
involvement in the acquisition of any new skill or knowledge. A corollary of this is that
frontal cortex involvement in a particular task or situation may decrease with increased
experience or skill in the domain. There is currently evidence consistent with both of
these approaches.

One of the most comprehensive attempts to relate a cognitive change to underlying
brain developments has concerned marked behavioral changes around 8 to 10 months of
age. In particular, Diamond, Goldman-Rakic, and colleagues (Diamond & Goldman-
Rakic, 1986, 1989; Goldman-Rakic, 1987) argued that the maturation of prefrontal
cortex during the last half of the human infant’s first year of life accounts for a number
of transitions observed in the behavior of infants in object permanence and object retrieval
tasks. One of the behavioral tasks they have used to support this argument comes from
Piaget (1954), who observed that infants younger than 8 months often fail to accurately
retrieve a hidden object after a short delay period if the object’s location is changed from
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one where it was previously successfully retrieved. Infants often made a particular preser-
vative error in which they reach to the hiding location where the object was found on
the immediately preceding trial. This characteristic pattern of error was cited by Piaget
(1954) as evidence for the failure to understand that objects retain their existence or per-
manence when moved from view. By around 9 months, infants begin to succeed in the
task at successively longer delays of 1–5 sec (Diamond, 1985), although their performance
remains unreliable up to about 12 months if the delay between hiding and retrieval is
incremented as the infants age (Diamond, 1985) (but see chapter 4 in this volume for
criticisms of this work).

Diamond and Goldman-Rakic (1989) tested monkeys in a modification of the above
object permanence task. Consistent with the observations on human infants, infant
monkeys failed to retrieve the hidden object. Further, adult monkeys with lesions to the
dorsolateral region of the prefrontal cortex (DLPC) were also impaired in this task.
Lesions to some other parts of the brain (parietal cortex, or the hippocampal formation)
did not significantly impair performance, suggesting that the DLPC plays a central role
in tasks which require the maintenance of spatial or object information over temporal
delays.

Further evidence linking success in the object permanence task to frontal cortex matu-
ration in the human infant comes from two sources. The first of these is a series of EEG
studies with normal human infants (Bell, 1992a,b; Bell & Fox, 1992; Fox & Bell, 1990),
in which increases in frontal EEG responses correlate with the ability to respond suc-
cessfully over longer delays in delayed response tasks. The second source is work on cog-
nitive deficits in children with a neurochemical deficit in the prefrontal cortex resulting
from phenylketonuria (PKU). Even when treated, this inborn error of metabolism can
have the specific consequence of reducing the levels of a neurotransmitter, dopamine, in
the dorsolateral prefrontal cortex. These reductions in dopamine levels in the dorsolat-
eral prefrontal cortex result in these infants and children being impaired on tasks thought
to involve parts of the prefrontal cortex such as the object permanence task and object
retrieval tasks, and being relatively normal in tasks thought to depend on other regions
of cortex such as the DNMS (delayed nonmatch to sample) task mentioned earlier
(Diamond et al., 1997; Welsh, Pennington, Ozonoff, Rouse, & McCabe, 1990).

Having established a link between prefrontal cortex maturation and behavioral change
in a number of tasks, Diamond (1991) has speculated on the computational consequence
of this aspect of postnatal brain development. Specifically, she suggested that the DLPC
(dorsolateral prefrontal cortex) is critical for performance when (1) information has to be
retained or related over time or space, and (2) a prepotent response has to be inhibited.
Only tasks that require both of these aspects of neural computation are likely to 
engage the DLPC. In the case of the object permanence task, a spatial location has to be
retained over time and the prepotent previously rewarded response inhibited. A recent
experiment suggests that the prefrontal cortex maturation hypothesis is not the whole
story, however, and that some modification or elaboration of the original account will 
be required. Gilmore and Johnson (1995) observed that infants succeed on a task 
that requires temporal spatial integration over a delay at a much younger age than is indi-
cated by the object permanence tasks. Specifically, they devised an infant version of the
oculomotor delayed response task, a task in which participants have to wait for several
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seconds before making an eye movement toward a previously cued target location. Several
neurophysiological and neuroimaging studies in adult humans and monkeys had linked
this task to the DLPC. Gilmore and Johnson (1995) found that 6-month-olds were 
able to perform successfully in this task, suggesting that their DLPC was functioning, at
least to some extent.

In addition, studies by Baillargeon (1987, 1993) and others entailing infants viewing
“possible” and “impossible” events involving occluded objects have found that infants as
young as 3.5 months look longer at impossible events, indicating that they have an inter-
nal representation of the occluded object. While this evidence does not directly contra-
dict Diamond’s hypothesis, it would have to be taken into account in a fuller explanation
of the development of responses to occluded objects. In order to account for the appar-
ent discrepancy between these results and those with the reaching measures, some have
provided “means–ends” explanations, arguing that infants are unable to coordinate the
necessary sequence of motor behaviors to retrieve a hidden object (Baillargeon, 1993;
Diamond, 1991). To test this hypothesis, Munakata, McClelland, Johnson, and Siegler
(1997) trained 7-month-olds to retrieve objects placed at a distance from them by means
of pulling on a towel or pressing a button. Infants retrieved the objects when a transpar-
ent screen was interposed between them and the toy, but not if the screen was sufficiently
opaque to make the object invisible. Since the same means–ends planning is required
whether the screen is transparent or opaque, it was concluded that “means–ends” expla-
nations cannot account for the discrepancy between the looking and the reaching tasks.
Munakata et al. (1994) proposed an alternative “graded” view of the discrepancy imple-
mented as a connectionist model. This model was trained on a series of inputs repre-
senting objects moving behind occluders. After a period of training, the patterns of links
between nodes within the model adjusted their strengths such that some nodes developed
representations of objects which persisted for a while even when the object was occluded.
Initially, during the early phases of training (taken to correspond to the young infant),
the object representations are weak and do not linger for long after occlusion. Under these
circumstances the representation (pattern of activation) can be just about strong enough
to guide the model’s “looking” response, but not strong enough to guide its “reaching.”
With further training, the strength of the representation after object occlusion is suffi-
cient to drive both reaching and looking responses.

An alternative approach to understanding the role of the prefrontal cortex in cogni-
tive development has been advanced by several authors who have suggested that the region
plays a critical role in the acquisition of new information and tasks. By this account the
prefrontal cortex involvement in the object retrieval tasks is only one of many manifes-
tations of prefrontal cortex involvement in cognitive change. A concomitant of this
general view is that the cortical regions crucial for a particular task will change with 
the stage of acquisition. Two recent lines of evidence are consistent with the view that
regions of frontal cortex are not only active in early infancy, but that the frontal lobes
may in fact play a greater role during the acquisition of new skills during infancy. Johnson
et al. (1998) studied infants with perinatal focal lesions to parts of cortex in a visual atten-
tion task. Damage to parietal cortical regions would be expected to produce deficits in
this task in adults, but only infants with perinatal lesions to the anterior (frontal) regions
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of cortex were impaired, suggesting that these regions were involved to a greater 
extent in the task in infants than in adults. Similarly, a recent high-density ERP study
involving visual attention and eye-movement planning in infants showed suggestive 
evidence of frontal cortex involvement in infants (Csibra et al., 1998; see Figure 6.3).
The same effect was not observed in adults, although they did show frontal cortex involve-
ment in other aspects of the task. These two lines of evidence are at least suggestive of
early frontal cortical activity that may occur in at least some situations where it is not
observed in adults.

Emerging Issues

The lines of research reviewed in this chapter illustrate the potential of the new interdis-
ciplinary field of developmental cognitive neuroscience. While this field is still young,
there are already a number of themes emerging across different domains. One of these
concerns the importance of activity-dependent processes at a number of levels in both
prenatal and postnatal life. It is apparent that at least some aspects of specialization of the
cerebral cortex are due to intrinsic activity-dependent processes. This is continued into
postnatal life with the primitive biases of the newborn (such as its tendency to look toward
faces) serving to bias the input to later-developing circuits. In this sense infants can be
said to be actively contributing to the later stages of their own brain specialization. It is
also possible that parts of the frontal cortex contribute to the specialization of other parts
of the cortex. Later in infancy, social experience and interaction with caregivers may con-
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tribute further to the specialization of late-developing parts of the cerebral cortex. Much
of later postnatal brain development, therefore, can be viewed as an active process to
which both the child and its caregivers contribute. Thus, studying the postnatal emer-
gence of cortical specialization for different cognitive functions offers the possibility 
of new perspectives not only on the study of perceptual and cognitive development in
healthy human infants, but also for social development, education, and atypical devel-
opmental pathways.

With regard to atypical development, the perspective outlined above suggests that an
early abnormality in brain function, or in environmental factors, could be greatly com-
pounded by subsequent interactions with the environment which are abnormal. Thus, a
slight deviation from the normal developmental trajectory early on could become more
severe with subsequent development (see Karmiloff-Smith, 1998). However, the positive
side of this approach to understanding developmental disorders is that it suggests hope
for early remediative strategies. Indeed, there are already some, albeit limited, examples
of how early alterations of environmental input may help to alleviate subsequent abnor-
malities (Tallal et al., 1996).

Some domains of cognition, such as language, appear plastic in the sense that regions
of cortex are not exclusively dedicated to them from birth, while other domains, such as
face processing, may have fewer options. Less extensive plasticity does not necessarily
imply strict genetic determinism, however, because functions more closely tied to sensory
input or motor output are likely to be more restricted to the cortical regions that have
the appropriate information in their input. For example, face recognition is necessarily
restricted to structures on the visual “what” (ventral) pathway because it requires both
visual analysis and encoding of particular items within a category. Language may be less
constrained in the sense that it is less restricted to particular information-processing routes
within the cortex. Thus, a key point about the emergence of localization of functions
within the cortex is that the restrictions on localization may be more related to which
cortical routes of information processing are viable for supporting the functions, rather
than being due to pre-wired intrinsic circuitry within regions of cortex.

The study of functional brain development in infancy is still just beginning. However,
the insights into this process gained so far suggest that further study of this topic will be
rewarded with a deeper understanding of how the specificity of function observed 
in adults’ cognitive abilities is attained. The next few decades promise some exciting 
breakthroughs.

Further Reading

Elman, J., Bates, E., Johnson, M. H., Karmiloff-Smith, A., Parisi, D., & Plunkett, K. (1996).
Rethinking innateness: A connectionist perspective on development. Cambridge, MA: MIT Press.
This book explores relations between connectionist (neural network) modeling, brain develop-
ment, and cognitive development, and argues for a synthesis between the three.

Johnson, M. H. (1997a). Developmental cognitive neuroscience: An introduction. Oxford: Blackwell.
An introductory survey of facts and theories about the relation between brain development and
the emergence of cognitive abilities in humans.
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Johnson, M. H., Gilmore, R. O., & Munakata, Y. (in press). Brain development and cognition: A
reader (2nd ed.). Oxford: Blackwell. Contains a number of “classic” and new readings by various
authors on the relation between brain development and cognition.

Krasnegor, N. A., Lyon, G. R., & Goldman-Rakic, P. S. (1997). Development of the prefrontal
cortex: Evolution, neurobiology and behavior. Baltimore, MD: Paul H. Brookes.
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Chapter Seven

Origins of Self-concept

Philippe Rochat

Introduction

Questions regarding the origins and nature of self-knowledge are arguably the most funda-
mental in psychology. What is knowledge about oneself made of and where does it come
from? The aim of this chapter is to discuss recent progress in infancy research that sheds new
light on these questions. The issue of whether self-knowledge finds its root in language
development is first considered. On the basis of recent empirical evidence, I will then assert
that self-knowledge does not depend exclusively on language development. Infancy research
demonstrates that self-knowledge is expressed at an implicit level long before children
become symbolic and competent talkers. The main idea running through the chapter is that
at the origin of explicit and conceptual self-knowledge (i.e., self-concept) is an implicit
knowledge about the self developing in the preverbal child. The focus here is on the nature
of early implicit self-knowledge and its link to later-emerging explicit self-knowledge.

In general, the chapter will try to show that infants from birth, and particularly from
2 months of age, develop two types of implicit self-knowledge. On one hand, infants
develop implicit knowledge about their own body via self-exploration and self-produced
action on objects. On the other, they develop specific knowledge about their own 
affective dispositions via interaction and reciprocation with others. The origins of these
two types of implicit self-knowledge are, respectively, perceptual and social.

But prior to this presentation, the origins of self-knowledge in relation to language
and the emergence of symbolic functioning by the second year of life should briefly be
situated.
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Self and Language

We all have some notions of who we are and what distinguishes us from others. We know
what we look like, have some sense of our relative power, as well as the personality we
project to the outside world. We have a sense of what belongs to us and what doesn’t, the
things we excel in and those we don’t. In short, we all have some explicit conception of
ourselves, a so-called explicit self-concept. The explicit self-concept of adults is to a large
extent articulated in words as we frequently engage in talking about ourselves, perform
silent monologues, and display a universal compulsion for internal speech, adopting the
self as audience and as sole witness of . . . ourselves.

An explicit, hence reflective, conception of the self is already apparent at the early stage
of language acquisition. As argued by Bates (1990), “the acquisition of any natural lan-
guage requires a preexisting theory of self – a theory of the self as distinct from other
people, and a theory of the self from the point of view of one’s conversational partners”
(p. 165). By 18 months, infants start to mark contrasts between themselves and other
people in their verbal production. They express semantic roles that can be taken either
by themselves or by others (Bates, 1990). Does that mean, however, that the nature of
self-concept is primarily linguistic? In other words, does it imply that the roots of an
explicit sense of self are to be found in language and its development?

It is feasible that self-concept emerges under the pressure of growing linguistic com-
petence, essentially a linguistic epiphenomenon. With language would come self-marking
and labeling, with children somehow compelled to become explicit about who they are
in terms of their own desires (e.g., “Candy!”), beliefs (e.g., “Katy nice!”), feelings (e.g.,
“Happy!”), and other states of mind (e.g., the unfortunately too typical “Mine!”). Com-
municating verbally does indeed require much explicit reference to the self as the subject
of action, intentions, and beliefs.

The idea that the emergence of self-concept is linked to the development of language
is corroborated by the roughly synchronous developmental timing of mirror self-
recognition in the young child. By the time children start to utter their first conventional
words, using arbitrary sounds that are acknowledged by their community as standing for
things in the world, they also start to show clear signs of self-recognition in mirrors. It is
also by the middle of the second year, around the time children typically start to speak,
that they also start to show self-referencing (e.g., pointing to themselves) and self-
conscious emotions (e.g., embarrassment) in front of mirrors (Lewis & Brooks-Gunn,
1979). In the context of the famous mirror “rouge task,” this is evident when children
perceive their own reflection, noticing that a stain of rouge has been surreptitiously
smeared over their face (as an illustration, see Figure 7.1).

From the perspective of evolution, formal and generative language is what differenti-
ates humans from other animal species. Interestingly, self-concept is also a trademark of
humans, including a few of our close primate relatives who demonstrate mirror self-
recognition in the context of the “rouge” task (i.e., orangutans and chimpanzees; see the
thorough review by Tomasello & Call, 1997). Thus, if language and self-concept are 
connected in child development, they also appear to be linked as major cognitive trade-
marks in primate evolution (Gallup, 1982; Povinelli, 1993).
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In child development, although language and explicit self-concept appear connected
in the timing of their emergence, it does not mean that they are mutually dependent. On
one hand, there is much ground to assume that language acquisition and the learning of
word meanings rest on an understanding of self as intentional. When children hear a new
word and learn that this particular word stands for that specific object or event in the
world, they connect the intention of others with their own to communicate about objects
and events in the environment (Tomasello & Akhtar, 1995). The child clearly shows the
distinct notion of others and of him or herself as intentional communicators (Tomasello,
1995). On the other hand, children do not wait until they are symbolically competent
to express some implicit or preconceptual self-knowledge. As proposed by William James
over a century ago, it is necessary to distinguish implicit and explicit levels of self-
knowledge.

Self-knowledge Without Language

In his seminal writing on the self, James (1890) distinguishes the “Me” and the “I” as
two basic aspects of the self. The “Me” corresponds to the self that is identified, recalled,
and talked about. It is the conceptual self that emerges with language and which entails
explicit re-cognition or re-presentation. It is beyond the grasp of infants, who by defini-
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Figure 7.1 Self-referencing and embarrassment manifested by an 18-month-old infant in front of
a mirror during the rouge test. (Photo Pascale L. R.)



tion are preverbal, not yet expressing themselves within the conventions of a shared
symbol system. On the other hand, there is the self that is basically implicit, not depend-
ing on any conscious identification or recognition. The “I” is also referred to as the exis-
tential self (Lewis & Brooks-Gunn, 1979) or the implicit self (Case, 1991). It is, for
example, the sense of their own body expressed by young infants when they start to reach
and grasp objects around them. Infants implicitly express a sense of themselves as agent
(reachers) as well as a sense of their own physical situation in the environment (objects
around them are perceived by the infant as reachable and graspable depending on size
and distance; see Rochat, 1997). Infancy research shows that the “I” is expressed long
before any signs of a conceptual (explicit) sense of self (the “Me”).

If we accept James’s distinction, the question is what kind of relation these two fun-
damental aspects of the self entertain, and in particular, how do they relate in their devel-
opment? One possibility is that they are developing independently of each other and that
somehow their functioning is parallel and unrelated. Another possibility, proposed here
and supported by infancy research, is that the development of the conceptual self emerg-
ing by the second year is rooted in and prepared by an implicit sense of self already present
at birth and developing from the outset (the early sense of an existential self or “I” fol-
lowing James’s distinction).

In the tradition set by James but expanding his work, Neisser (1991) further distin-
guishes two kinds of implicit self or “Is” manifested in early infancy, long before the devel-
opmental emergence of a conceptual self. Neisser proposes that from the outset of
development, infants have two kinds of selves within either the social or physical domain.
Each domain provides the infant with specific perceptual information specifying differ-
ent aspects of the self: the interpersonal in the social domain, and the ecological self in the
physical domain.

The interpersonal self grows out of the infant’s transactions with others, in particular
the developing sense of shared experience and reciprocity. In the physical domain, infants
develop a sense of their own body in relation to other objects, what Neisser labels “the
ecological self.” The ecological self is the sense infants develop of their own physical body
as a differentiated, situated agent in relation to other objects furnishing the environment.
The ecological self develops as infants interact with physical objects and also as they per-
ceive their own body directly via self-exploration (see below, Rochat, 1998; Rochat &
Morgan, 1995).

Neisser’s conceptualization of the self in infancy is justified based on a growing body
of observations provided by current infancy research (see Butterworth, 1995). We will see
next that this research demonstrates that at the origin of development, infants manifest
a sense of the ecological as well as the interpersonal self.

The Self in Infancy

Infants from a very early age differentiate perceptually between self- and non-self-
stimulation, namely, between themselves and other entities in the environment. Early on,
for example, infants differentiate between their own movements in the environment,
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whether passively or actively produced, and the independent movements of objects
observed from a stationary point in space (Kellman, Gleitman, & Spelke, 1987). Young
infants and even newborns respond with markedly different postural adjustments 
(e.g., straightening of the trunk or head movements) when they are surreptitiously 
set in motion, or if their surrounding is set in motion with them maintained stationary
(Bertenthal & Rose, 1995; Jouen & Gapenne, 1995).

Aside from being situated in the environment, infants also manifest an implicit sense
of their own effectivity in the world. From birth, infants learn to be effective in relation
to objects and events. For example, within hours after birth, neonates are capable of learn-
ing to suck in certain ways and apply specific pressures on a dummy pacifier to hear their
mother’s voice or see their mother’s face (DeCasper & Fifer, 1980; Walton, Bower, &
Bower, 1992). This remarkable instrumental learning capacity testifies to the fact that
early on infants manifest a sense of themselves as an agent in the environment, an impor-
tant aspect of the (implicit) ecological self (Neisser, 1995; Rochat, 1997).

As we will see, in the social domain there is also good evidence of implicit self-
knowledge. From at least 2 months of age infants start to reciprocate with others, smiling,
gazing, and cooing in face-to-face exchanges with a social partner. They show some signs
of what Trevarthen (1979) coined “primary intersubjectivity,” the sense of shared experi-
ence infants manifest in dyadic face-to-face interactions. When social partners adopt a
sudden still-face, staring at the infant with a neutral, frozen facial expression, infants from
2 months of age react with strong negative facial expressions: they gaze away, smile
markedly less, and even cry (Toda & Fogel, 1993; Tronick, Als, Adamson, Wise, & 
Brazelton, 1978). This robust phenomenon suggests that infants already have an implicit
sense of others, as well as of themselves, as reciprocating (social) agents. They expect social
partners to reciprocate in certain ways to their own emotional displays. If they smile, they
expect others to reciprocate with analogous emotional expressions.

Early on, others are social mirrors in which infants contemplate and learn about them-
selves via imitation (Meltzoff & Moore, 1995) and the behavioral mirroring provided by
caretakers who tend to feed back to the infant what they just did. Adult mirroring of the
infant contains rich information about the self, characterized by systematic exaggeration
of infants’ emotions and precise marking of such mimicking by the adult (Gergely &
Watson, 1999). In short, there is now good evidence as well as solid ground for the early
development of an implicit sense of self as social agent, reciprocating with people in sys-
tematic ways and developing social expectations (Rochat, Querido & Striano, 1999;
Rochat & Striano, 1999a).

The abundance of findings supporting the existence of both an ecological and inter-
personal self at the origin of development contrasts sharply with the theoretical assertions
that have been traditionally put forth by developmentalists. Current research has radi-
cally changed the traditional view of an originally confused infant devoid of any implicit
sense of self. Infants do not appear to start off in a state of fusion and confusion in regard
to their situation in the environment. James’s (1890) famous account of the world of
newborns as a “blooming, buzzing confusion” does not fare well with current infancy
research.

In general, the view of an initial state of undifferentiation between the infant and the
environment (e.g., Mahler, Pine, & Bergman, 1975; Piaget, 1952; Wallon, 1942/1970)
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needs to be revised in light of evidence of remarkable abilities in newborns for instru-
mental learning, social attunement, as well as differential responding to self- and non-
self-stimulation (DeCasper & Fifer, 1980; Rochat & Hespos, 1997; Walton, Bower, &
Bower, 1992). What remains unclear, however, is how various kinds of implicit sense of
self might develop to become explicit beyond infancy, when for example infants start
explicitly to label and to recognize themselves in mirrors. If we accept Neisser’s assertion
of an implicit sense of the ecological and interpersonal self that would develop prior to
language, questions remain as to how they develop and relate to each other. Do they
develop independently? Does one precede the other? Do they need to be integrated for
infants eventually to become explicit about themselves, such as through self-recognition
in mirrors or starting to label themselves as persons?

Different Views on the Origins of Self-knowledge

For some infancy researchers like Fogel (1993, 1995) or Lewis (1999), the implicit sense
of self in infancy develops primarily through relationships with others. An implicit sense
of the interpersonal self is viewed as central to infant psychological development and as
having some developmental precedence over others. In the tradition of George Herbert
Mead (1934), the emphasis is on an early sense of self molded into the adult state via
social interaction (see also Meltzoff & Moore, 1995, regarding early imitation and the
origin of self ).

Although focusing on the interpersonal world of infants, Stern (1985) proposes that
infants in the first two months of their life develop an implicit sense of themselves that
is somehow presocial, not yet based on a reciprocation with others per se. For Stern, during
the first two months of life, infants develop an implicit sense of what he calls the emer-
gent self. The emergent self precedes the development of the core self, which corresponds
to Neisser’s interpersonal self (Neisser, 1991, 1995). In Stern’s view, during the first two
months, infants primarily experience their own behavioral organization in terms of fluc-
tuating states, growing sensorimotor organization, and in terms of learning about the rela-
tions between various sensory experiences: simultaneous sounds and sights, smells and
touch stimulation, proprioceptive and visual sensations. The sense of an emergent self
would correspond to both a sense of the process and of the product of growing inter-
modal and sensorimotor integration (Stern, 1985, p. 45). As a by-product of early sen-
sorimotor learning and experience, the sense of an emergent self would be primary,
developing in relative independence of social interactions.

Between 2 and 6 months, when infants start to reciprocate with people and view others
as differentiated entities with distinct histories, Stern proposes that infants then develop
the sense of a core self that is interpersonal, based on the relationship with others empha-
sized by Fogel (1993). Once again, in Stern’s view, there is a developmental precedence of
a sense of self as a functioning entity that feels, acts, and develops, over a sense of self (the
core or interpersonal self ) that is revealed to infants exclusively in social interactions.

Other infancy researchers emphasize the importance of an implicit sense of the 
self infants develop by interacting with their environment, without putting a par-
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ticular emphasis on either physical or social objects (people). Eleanor J. Gibson 
(1988, 1995) construes self-knowledge within the general context of infants learning
about what the physical and social objects afford for action, so-called affordances (J. J.
Gibson, 1979).

In the process of exploring and detecting affordances, E. J. Gibson suggests that infants
learn first about their own effectivities as perceiver and actors in a meaningful environ-
ment. For example, by detecting mouthable objects, sucking on them and eventually
extracting food from them, infants come to grasp their own capacities for perception and
action. This is, according to Gibson, a primary sense of self developing from birth, long
before children can start to talk about or recognize themselves in mirrors.

In summary, to account for the implicit sense of self infants appear to manifest from
the outset of development, infancy researchers distinguish different kinds of preconcep-
tual knowledge pertaining to the self: knowledge infants develop in the physical domain
(e.g., the ecological self ) and social domain (e.g., the interpersonal self ). Different theo-
ries are proposed as to how these kinds of selves might relate in development, some
emphasizing the primacy of the interpersonal self (e.g., Fogel, 1993; Meltzoff & Moore,
1995), and others considering them as emerging in succession (Stern, 1985; but also
Neisser, 1991), or on a more equal footing (E. J. Gibson, 1995). The problem of their
integration and the extent to which this integration might contribute to the development
of the conceptual self emerging by the second year remains an open question. What
research shows, however, is that both perceptual and social factors need to be considered
in trying to capture the developmental origins of self-concept. These two factors are
reviewed next.

Perceptual Origins of Self-knowledge

The body is a primary object of perceptual exploration in infancy. As infants move and
act, they perceive their own body moving and acting, hence detect its own organization,
its physical characteristics, as well as its own vitality. As proposed by J. J. Gibson (1979),
perceiving and acting always entail co-perceiving oneself, perception and action being
inseparable. When, for example, we perceive and act on objects, we situate ourselves in
relation to these objects, co-perceiving ourselves as perceivers and actors. In an analogous
way, when newborns move about, kick, cry, suck, or systematically bring their hand to
the mouth (Butterworth & Hopkins, 1988; Rochat, Blass, & Hoffmeyer, 1988), they
pick up perceptual information that specifies their own body as a unique entity in the envi-
ronment (e.g., double-touch information in the case of hand–mouth contacts, Rochat,
1995; see below).

Self-produced action comes with the experience of uniquely contingent and analog
perception across modalities. This is an important feature of what infants gain from
engaging in self-exploration. This experience specifies the body as differentiated from
other objects in the environment. When my hand crosses my visual field, for example, I
perceive that it is my hand and not someone else’s, because I see it as well as I feel it pro-
prioceptively moving at exactly the same time and by a commensurate amount. The ex-
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perience of the body entails proprioception with contingent and analog inputs from other
sense modalities.

The robust propensity of infants from birth, and even prenatally, to bring their hand
in contact with the mouth and face provides a perceptual experience that specifies the
body in a unique way. This experience, in addition to proprioception, entails a “double
touch,” a specific self-experience. When the hand of infants touches their face or mouth,
the tactile sensation goes both ways in reference to their own body: the hand feels the
face and at the same time, the face feels the hand. Again, this double-touch experience
uniquely specifies their own body as opposed to other objects in the environment.

Rochat and Hespos (1997) tested newborn infants within 24 hours of their birth to
see whether they would manifest a discrimination between double-touch stimulation
specifying themselves, and external (one-way) tactile stimulation specifying non-self
objects. For testing, we used the robust rooting response all healthy infants manifest from
birth and by which tactile stimulation at the corner of the mouth is followed by the
infant’s headturn with mouth opening toward the stimulation. Following a simple pro-
cedure, we recorded the frequency of rooting in response to either external tactile 
stimulation, the experimenter stroking the infant’s cheek, or in response to tactile 
self-stimulation when infants spontaneously brought one of their hands in contact with
their cheek. We found that newborns tended to manifest rooting responses almost three
times more often in response to external compared to self-stimulation. These observa-
tions suggest that already at birth, infants pick up the intermodal invariants (single touch
or double touch combined with proprioception) that specify self- versus external stimu-
lation, showing evidence of an early sense of their own body, hence an early perceptually
based sense of themselves.

The early sense of the body developed by infants from birth does not only pertain to
the physical body, but also to the dynamics of their own affectivity. The intermodal ex-
perience of the body is inseparable from feelings about their own vitality (Stern, 1985,
1999). Suppose that an infant engages in exploring her own hands by raising and moving
them in front of her eyes. Suppose now that in a sudden burst of excitement, she claps
them together. Aside from the intermodal perception of joint touch and proprioception,
as well as the double-touch experience we discussed above, the infant perceives the
dynamic of her own vitality: from calm to being excited, then calm again. This dynamic
is perceived both privately and publicly. It is privately experienced because the infant feels
from within a state change, from being calm to being excited with specific waxing and
waning of tensions. It is publicly experienced because the hands move accordingly in front
of the infant’s eyes. In a way, the movement of the hands is a choreography of what the
infant feels from within. Self-exploratory activity thus provides infants with an opportu-
nity to objectify the feelings of their own vitality via perceived self-produced action of
the body (Rochat, 1995).

By at least 3 months of age and as a result of self-produced action and perception,
infants manifest an intermodal calibration of their own body. Recent evidence shows that
young infants develop a sense of perfect contingency and invariant co-variations across
modalities that specify the body as a dynamic entity with particular characteristics. This
calibration is necessary not only to provide the perceptual foundations of self-knowledge,
but also for infants to use their body in order to act on objects in the environment.
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Daniel Stern (1985) reports some striking observations made with “Siamese twins” or
physically conjoint twins. These infants were congenitally attached on the ventral surface,
facing one another. They shared no organs and were surgically separated at 4 months.
Stern and colleagues noticed that often they would suck one another’s fingers. A week
before separation, Stern and his colleagues conducted a series of tests to assess the extent
to which these infants, despite their odd situation of forced binding, differentiated what
was part of their own body and what belonged to the attached sibling. In one of the tests,
they compared each infant’s reactions to the gentle removal from their mouth of either
their own fingers they were sucking, or the fingers of their sibling. They found that the
twins responded differentially depending whether it was theirs or the other’s hand that
was removed.

These observations corroborate our own with healthy newborns who showed 
differential rooting responses to their own hand touching their face compared to the 
finger of an experimenter (Rochat & Hespos, 1997). In these observations, infants show
that they differentiate between two basic categories of perceptual information, one cate-
gory pertaining to their own body, the other to surrounding entities. This information 
is intermodal and in most instances involves a sense of self-produced action via 
proprioception.

If young infants appear capable of perceiving their own body as a differentiated entity,
the question is what exactly do they perceive of their own bodies as physical and acting
entities. We performed research demonstrating that infants from at least 3 months of age
are aware of complex aspects of their own body as a dynamic and organized entity with
particular featural characteristics (Morgan & Rochat, 1998; Rochat, 1998; Rochat &
Morgan, 1995). We measured 3- to 5-month-old infants’ preferential looking to differ-
ent views of their own body. For example, facing two television screens, infants saw on
each of them their own body videotaped from the waist down. Both views were on-line,
thus perfectly contingent. When infants moved their legs, they saw them moving 
simultaneously on either of the screens (see Figure 7.2).

Within this experimental setup, we measured infants’ preferential looking for either
view. One of the views presented their own legs as they would be specified via direct
visual-proprioceptive feedback, for example by bringing them in the field of view while
laying supine in their crib. The other view provided an experimentally modified on-line
view of their own legs.

In general, what we found is that from 3 months of age, infants tend to look signifi-
cantly longer at the view of the legs that is unfamiliar, namely that violates the visual-
proprioceptive calibration of the body in terms of general movement directionality,
relative movement of the limbs, as well as overall leg configuration in relation to the rest
of the body (Rochat, 1998). In particular, infants are shown to look significantly longer
as well as to move their legs more, while looking at a view of their legs that reverses by
180° the seen and felt directionality of movement, or that reverses the way legs move in
relation to each other. In all, this research suggests that by moving and acting, infants
from at least 3 months of age manifest an intermodal calibration of their own body, devel-
oping an intermodal body schema. This body schema is an implicit, perceptually based
“protorepresentation” of the body as specified by the intermodal redundancy accompa-
nying perception and action. The intermodal redundancy specifying the body is experi-
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enced and explored by infants from birth. Considering the rich behavioral repertoire of
fetuses 20 weeks and older, it may also be experienced in the confines of pregnancy (e.g.,
Prechtl, 1984).

In summary, from the earliest age, perception and action specify the body as a differ-
entiated entity among other entities in the environment. Early on, infants appear to 
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Figure 7.2(a) Apparatus and experimental setup of the infant wearing black and white socks while
reclined in front of the large TV monitor projecting an on-line view of the legs from the waist
down. Camera A provided a close-up of the infant’s face for the analysis of gazing at the display
as cameras B and C each provided a particular view of the legs (i.e., ego vs. reversed ego view).

Figure 7.2(b) The two views of their own legs as seen by the infant on the TV in the three 
experimental conditions studied in Rochat and Morgan (1995): (A) observer view vs. ego view
(Experiment 1); (B) reversed ego view vs. ego view (Experiment 2); (C) reversed observer view 
vs. ego view (Experiment 3).



calibrate their own body based on intermodal (i.e., perceptual) invariants that specify 
the sense of their own ecological self: a sense of their own bodily self that is differentiated,
situated, and acts as an agent in the physical environment (Neisser, 1991; Rochat, 1997).
This may form the perceptual origins of what will eventually develop as an explicit or
conceptual sense of self by the second year of life.

Social Origins of Self-knowledge

If infants learn about themselves by being actors in the physical world, another major
source of self-knowledge comes from social interactions. Not unlike adults, very early on
children objectify themselves in others, searching for social approval and learning about
themselves as differentiated, unique entities. As adults, we use others to reveal who we are,
as a sort of social mirror. Much of how we perceive ourselves is measured against how we
think others perceive us. Self-perception is inseparable from our perception of others as on-
lookers of us. This is what being “self-conscious” means and it is close to impossible to escape
the so-called “audience effect.” People are undoubtedly the main source of feedback by
which we objectify ourselves. This process is also evident from the outset of development.

As mentioned above, the first words of children are mainly oriented toward attracting
attention of others to objects, but also mainly to themselves. When children keep calling
parents to watch them doing what they view as challenging feats, such as jumping off a
diving board or riding their bicycle with no training wheels, they seek confirmation of
who they think they are: courageous, outrageous, funny, or smart, aside from attempting
to impress an audience. The perception of themselves becomes essentially social. They
project and recognize themselves in others. In this process, self- and social knowledge are
inseparable. But what about infants, prior to any explicit expression of such process via
language? Infancy research points to the fact that from a very early age infants learn about
themselves by monitoring others and the way they respond to their own behavior.

The most common way parents interact with their young baby is by reciprocating and
mirroring their emotions. There is much parental imitation of their infant in early face-
to-face interaction. In this process the emotions displayed by infants are fed back to them,
amplified, and clearly demarcated with exaggerated gestures and intonations (Gergely &
Watson, 1999). This emotional mirroring is certainly a source of self-knowledge for the
infant as it provides them with a perceptual scaffolding for the objectification of their own
affects: what they feel from within, project to the outside and are externalized as they are
reflected back to them by the social partner. In this process, infants are exposed to an
explicit, analyzable form of what they feel privately at an implicit level (Rochat, 1995).

As adults, we are strongly compelled to empathize with babies. When for example they
start to show signs of distress and start to cry, we typically comfort them by providing
physical proximity, stroking their back while adopting a sad voice with lowered brows
and inverted U shaped mouth. In doing so, we actually provide infants with an emo-
tional simulation of what they are supposed to feel, a simulation of their subjective life.

When infants monitor people’s faces and begin to reciprocate in face-to-face interac-
tion, they lay down the foundations of both social and self-awareness. Because of the strong
propensity of adults to engage in mirroring and affective attunement, they also learn about
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themselves being somehow simulated or reenacted. From the earliest age, caretakers present
infants with a social mirror that reflects back to them their own vitality and affective life,
in some sort of a running commentary they are compelled to produce as in the case of
sportcasters verbalizing and mimicking actions back to an audience. Aside from the sense
of the ecological self infants develop by acting and perceiving the physical environment,
this emotional simulation by caretakers is probably also at the origin of explicit self-
consciousness, clearly manifested by infants once they pass the symbolic gateway marking
the end of infancy, referring to themselves verbally and identifying themselves in mirrors.

Prior to the symbolic gateway, the idea of an implicit self-knowledge gained by young
infants in their interaction with others is supported by numerous studies demonstrating
sophisticated social attunement of the infant from birth, in particular their propensity to
pay special attention to faces (see Butterworth, chapter 8 in this volume), and to imitate
social partners.

Over the last 20 years, many studies have reported cases of imitative responses in very
young infants. In well-controlled laboratory conditions, neonates only a few hours old are
shown to reproduce a remarkably wide range of gestural acts modeled by an experimenter,
such as tongue protrusion, lip pursing, and head and finger movements (Meltzoff &
Moore, 1977, 1995). If such precocious imitative ability has been replicated in various lab-
oratories around the world, the interpretation of the phenomenon continues to cause
much controversy. For some “leaner” interpreters of neonatal imitation, it is essentially a
fleeting phenomenon, limited to one gesture (i.e., tongue protrusion) and determined by
low-level processes such as automatic release mechanisms (Anisfeld, 1991) or rigidly trig-
gered oral exploration (Jones, 1996). On the contrary, for Meltzoff and Moore neonatal
imitation is the expression of a much richer ability, the expression of an active cross-modal
matching between vision and proprioception (Meltzoff & Moore, 1997). In particular, in
the case of facial imitation, the infant sees the model and reproduces motorically a corre-
sponding gesture without any possibility of a visual–visual comparison between model and
imitative response. Thus, if one accepts the view that infants are actually engaged in an
attempt to match their own motoric response to the specific behavior displayed by the
adult, neonatal imitation does entail an active intermodal matching process of self to
others. More importantly, it also entails that infants from birth do not behave in a social
vacuum, but rather are actively linking their own behavior to the behavior of others.

Other research demonstrates that the behavioral matching effort displayed by young
infants is not merely reduced to the reproduction of body part movements in another
person, but also to an affective matching of others. Social mirroring appears to be a two-
way phenomenon from the very beginning of life. If caretakers have the proclivity to
reproduce infants’ actions and affects in scaffolding face-to-face interactions, infants from
birth are also inclined to do the same. Field, Woodson, Greenberg, & Cohen (1982)
observed that newborn infants tend to reproduce facial expressions of happiness, sadness,
or surprise. In their study newborns were observed while facing the experimenter, who
displayed in successive episodes such well-contrasted emotions. They showed a significant
widening of the lips when attending to the happy expression of the experimenter,
increased protrusion of lower lips during the sad expression episode, and increased
opening of the eyes and mouth during the surprise episode. Via early imitation of facial
expressions, infants do not only match the surface characteristics of others with their own,
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but also others’ feelings, in particular their dispositional characteristics in relation to their
own (happy, sad, or surprised). Early facial imitation allows infants from birth to estab-
lish intersubjectivity with others and specify their own dispositional (affective) qualities
by matching those of others.

The early propensity to imitate is probably a major mechanism by which infants start
objectifying their own actions and affective dispositions. In matching the behavior of
others, they also simulate themselves. Infants from birth do acquire knowledge about
themselves via their inclination to reproduce the action and emotion of others.

The combination of adults’ systematic scaffolding of face-to-face exchanges and young
infants’ early proclivity to imitate others is an important aspect of what constitutes the
developmental origins of self-knowledge. In the context of protoconversations and play
games typically initiated by caretakers (e.g., peek-a-boo games, see below), infants specify
themselves as a function of how others respond to them, in particular how contingent
and attuned they are to their own behavior (Trevarthen, 1979).

By imitating each other, the infant–adult pair engages primarily in reciprocating affects
and feelings. Such reciprocation is at the origin of intersubjectivity, itself foundation of
early social cognition and, I propose, an important source of implicit self-knowledge, in
particular of the self as a communicative agent (the interpersonal self according to Neisser,
1991). Via mutual imitation adults and infants can probe the degree to which they com-
municate with one another.

Evidence of a developing interpersonal self in early infancy is now numerous. By the
second month, when starting to reciprocate by smiling and engaging in long bouts of
gazing toward others (Wolff, 1987), infants are shown to become increasingly sensitive
to specific timing in social interaction and develop expectations regarding the behavior
of others in relation to the self (Rochat & Striano, 1999a). Such timing indexes the quality
of communicative flow, and in particular the level of relative matching between their own
dispositions and those displayed by the social partner. The social expectations develop-
ing by the second month are inseparable from the developing sense of the interpersonal
self or social self of infants.

As an illustration, we recently explored the sensitivity of 2- to 6-month-old infants to
the relative structure of the interactive frame offered by an adult stranger (Rochat et al.,
1999). The rationale for this study was to capture how infants from 2 months on refine
their ability to detect regularities in ongoing social interaction and develop specific expec-
tations based on a sensitivity to the structure of the interaction. We hypothesized that
between 2 and 6 months infants develop specific expectations in the dyadic context based
on cues specifying the quality of response of a social partner to their own behavior, in
other words, the relative attunement of the social partner to the self.

We videotaped 2-, 4-, and 6-month-old infants interacting with a female stranger in
a face-to-face situation that did not include any touching. Aside from baseline periods,
in two different experimental conditions, the experimenter introduced the infant to a
peek-a-boo routine that was either structured or unstructured. In the structured condi-
tion, the peek-a-boo routine was strictly organized into three phases articulating a total
of eight subroutines. In the unstructured condition, the experimenter was wearing an ear-
piece connected to a tape recorder playing instructions of subroutines to be performed
in a random, disorganized way. In other words, in the unstructured condition, the experi-
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menter engaged in a scrambled peek-a-boo game, with unrelated subroutines that did not
coalesce to form a compelling, socially attuned script.

The scoring of infants’ smiling and gazing at the experimenter revealed that 2-month-
olds looked toward the experimenter and smiled equally in both the structured and
unstructured peek-a-boo conditions. In contrast, 4- and 6-month-olds looked signifi-
cantly more toward the experimenter and smiled markedly less in the unstructured com-
pared to the structured peek-a-boo condition.

In all, these results illustrate how from a diffuse sense of others’ attunement to the self,
by 4 months infants begin to monitor social partners in the way they relate to them.
Based on such monitoring, infants develop an implicit sense of an interpersonal or social
self, expecting not only that others pay attention and smile at them, but also that they
relate to them in ways that are attuned or contingent with their own behavior (Murray
& Trevarthen, 1985; Stern, 1985).

Origins of Self-recognition

From an implicit sense of their own physical, behaving body and an implicit sense of
themselves as social entities, how do infants develop an explicit sense of themselves as
indexed by mirror self-recognition? What are the origins of the conceptual self manifested
by children when they start to speak and pass the symbolic threshold that separates infancy
from childhood? In this last section, we can speculate that mirror self-recognition is one
of the first signs of explicit self-concept that originates from the fusion of implicit self-
knowledge developed in the physical and social domains over the first months of life. The
rationale for such discussion is that, although mirror self-recognition is limited to one
particular experience (i.e., the specular or mirror image of the self ), it informs us about
what it takes for infants to become explicit about themselves, hence to have a conceptual
sense of self as “Me” in addition to the existential sense of self as “I.”

Three-month-old infants placed in front of mirrors spend much time exploring their
reflection, staring at themselves in the eyes and moving their limbs often with smiles and
cooing (Amsterdam, 1972). They are attracted by their specular image but that does not
mean that they yet recognize themselves in it. They are using the opportunity offered by
the mirror to experience and explore the perfect contingency and spatial calibration
between proprioception and vision. This opportunity is unique and possibly particularly
attractive to infants because it also offers the visual-proprioceptive experience of larger
portions of the body, much larger than the hands and feet perceivable directly in certain
postures. As adults, we also use the optical affordance of mirrors to work on our appear-
ance, except that the behavior of fixing hair and making up is an explicit expression that
we know it is us in the mirror.

Clearly, the behavior of young infants in front of mirrors does not imply the same
level of awareness of either adults applying lipstick or toddlers showing embarrassment
and manual contact with the face because they discover some rouge has surreptitiously
stained their nose, as in the classic rouge task already mentioned at the beginning of this
chapter (Gallup, 1982; Lewis & Brooks-Gunn, 1979).
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Bahrick, Moss, & Fadil (1996) reported that infants as young as 3 months do show
some discrimination between viewing a frontal prerecorded view of themselves or viewing
an analogous view of another infant wearing the same bib. Infants were carefully matched
for age and gender. In general, infants are reported to spend significantly more time
looking at the image of the other child compared to their own. The question is whether
this apparent visual discrimination actually means that they re-cognize themselves on the
TV. In other words, does this discrimination entail some rudiments of self-concept? It is
certainly not a direct demonstration of self-concept. This discrimination, although
remarkable, probably means that from an early age, infants are familiarized with their
own featural (i.e., facial) characteristics and vitality based on previous mirror experiences.
In the context of the Bahrick et al. experiment, the feature characteristics of the other
child are newer, therefore more interesting to the infant, so explaining their visual pref-
erence. The observations reported by Bahrick and her collaborators are no evidence that
infants as young as 3 months “know” it is them on the TV.

So, from the early sensitivity to intermodal contingency (Amsterdam, 1972), the early
intermodal calibration of the body (Rochat, 1998), and early perceptual learning (Bahrick
et al., 1996), how do infants develop the ability to eventually recognize and identify them-
selves in mirrors?

First, it should be pointed out that, although telling something about self-recognition,
the mirror test should be considered with caution to account for the origins of self-concept.
Mirrors are unusual objects in the environment, carrying with them the experience of a
fundamental paradox: the “self–other paradox.” As mentioned above, when you look at your
own mirror reflection, you perceive aspects of your body that you cannot experience
directly, in particular a full view of your face. Considering that eye contact in social
exchanges is an important determinant of social interaction from the outset of develop-
ment, the specular image of a full face with eyes gazing toward the self specifies what is nor-
mally experienced with others, not in relation to the self. Therefore, self-recognition in a
mirror requires the suspension of the normal social experience of others facing you with eye
contacts. Mirror reflection of the self is paradoxical in the sense that what is seen in the
mirror is the self as another person: it is you in what is normally perceived of another
person. As the self in disguise of the other, the specular image reflects what can be called
the fundamental you but not you, or self–other paradox. On one hand, the specular image
reflects the self via perfect contingency and spatial analog of visual-proprioceptive infor-
mation (i.e., the ecological self ). On the other hand, it does reflect another (non-self )
person as specified by past experience (en-face view with potential eye contact).

The self reflected by mirrors does not match the embodied self infants experience
directly from birth, namely, the self situated in the body. Rather, it reflects back to the
infant the implicit sense of an interpersonal or social self (i.e., themselves interacting with
what appears to be someone else).

To some extent, inspecting oneself in a mirror and recognizing that it is “Me” out there
on this reflecting surface is very much an “out of the body experience.” What mirror self-
recognition and other video and picture self-recognition tasks measure is primarily the
ability of individuals to suspend what they normally experience of themselves, step back
and literally reflect on the new, out of the body aspects the mirror reveals of themselves.
Mirror images are indeed physical reflections of the body on a polished surface that call
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for mental reflection to be re-cognized, hence conceptualized. This conceptualization
requires the suspension of perceptual experiences typically specifying self or others, not
self as others.

Observations made by anthropologists introducing reflecting devices to adult individ-
uals who presumably never experienced their own mirror reflection are particularly telling
of the fundamental paradox attached to the experience of self in mirrors. Edmund 
Carpenter (1975) introduced mirrors to members of an isolated tribe (the Biami) living
in the Papuan plateau where neither slate or metallic surfaces exist, and where rivers are
murky, not providing clear reflections. Recording the initial reaction of adults confronted
for the very first time with a large mirror reflection of themselves, Carpenter reports:

They were paralyzed: after their first startled response – covering their mouths and ducking
their heads – they stood transfixed, staring at their images, only their stomach muscles
betraying great tension. Like Narcissus, they were left numb, totally fascinated by their own
reflections: indeed, the myth of Narcissus may refer to this phenomenon. (Carpenter, 1975,
pp. 452–453)

We might add that Narcissus, aside from falling in love with himself, probably got first
fascinated with the existential experience of the “self–other” paradox that reflecting 
surfaces offer.

Despite the intrinsic paradox attached to mirrors, mirror self-recognition tests remain
a valid instrument to assess self-knowledge at a conceptual and re-cognitory level. It is
particularly valid to assess the ability of children to objectify themselves and eventually get
over the “self–other” paradox. This requires stepping back and reflectiveness in the sense
of mental reflection, beyond direct perception and action.

There are two questions that are of interest from a developmental perspective. The
first is, when do infants start to become contemplative in the exploration of themselves,
not merely experiencing their embodied self via direct perception and action? The second
is, what might be the process enabling infants to adopt a contemplative, reflective stance
when exploring themselves? These are important “how” and “why” questions regarding
the origins of self-concept. These questions are still wide open for speculation. Never-
theless, in light of recent progress in infancy research, it is possible to speculate (i.e.,
“reflect”) on the developmental origins of self-recognition, hence self-concept.

Conclusion: Developing Objectification of the Self in Infancy

We have seen that infants appear to be born with an ability to pick up perceptual infor-
mation that specifies themselves as differentiated from other physical and social entities
in the environment. The development of self-knowledge does not start from an initial
state of confusion. Infants are born with the perceptual means to discriminate themselves
from other objects and people. Early on, they express an implicit sense of themselves as
embodied, differentiated, situated, and effective in the physical and social environment.
This sense of self corresponds to the ecological and interpersonal selves of infants
described by Neisser (1991, 1995).
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These implicit kinds of selves are determined by direct perception and action, not
mental reflection or conception. The early propensity of infants to engage in self-
exploration when, for example, watching their own legs moving on a TV screen (Rochat,
1998) does not entail any awareness that it is their own legs on the screen. If, as some
studies show, infants prefer to look at the view displaying the legs of another baby rather
than an on-line view of their own (see, for example, Bahrick & Watson, 1985; Schmuck-
ler, 1995), it is because the visual perception of these legs does not correspond to the pro-
prioceptive perception of their own legs moving. It is not because they recognize that it
is another infant kicking on the TV. For infants to recognize that it is their own legs or,
on the contrary, that they are the legs of someone else, it would take an additional reflec-
tive step, namely, the step toward an objectification of the self. Such a process would entail
the ability to integrate the sense of the embodied (ecological) self, and the representation
of the disembodied “Me” projected on the TV screen.

The question, of course, is how such an integration might come about. To conclude,
I will propose that an important determinant of this development might be young infants’
propensity to explore their own actions and their consequences via repetition or so-called
“circular reactions” (Baldwin, 1884/1925; Piaget, 1952).

By the second month, infants become inquisitive and start reciprocating with others
as indexed by the emergence of smiling and eye contact (Wolff, 1987; Rochat & Striano,
1999a).They also become playful in relation to themselves. They start to spend a lot of
time self-entertaining, exploring their own body by repeating visually controlled actions
either on themselves or on objects. They grab their hands and feet, bringing them in the
field of view for long bouts of inspection. They seize any opportunity to reproduce actions
that are accompanied by interesting consequences. In addition to perceiving and acting
in the context of highly organized action systems (e.g., sucking, rooting, tracking), 2-
month-olds compared to newborns express behavioral novelty by engaging in the con-
templation of their own effectivity based on a sense of the own body (i.e., proprioception)
that can be linked to perceived events: the auditory event of self-activating the vocal
system, the proprioceptive-visual event of moving a hand in the visual field, of kicking a
mobile (Rochat & Striano, 1999b).

In this new process, infants manifest much repetition of actions for the apparent sake
of exploring how they feel in their execution and how they are linked to particular per-
ceptual consequences.

This active contemplation of self-produced perceptual consequences (e.g., self-
produced sounds or object motion) is probably an important factor in the progressive
objectification of the self. Infants need to break away from the direct perception of the
embodied self as specified by intermodal invariants and the contingency of others’ behav-
ior in order to start re-presenting or conceptualizing themselves as object of reflection.
That does not mean that the implicit sense of the embodied ecological and social self
vanish to be replaced by a conceptual self. Rather, the sense of the ecological and social
self, bearing no traces of anything that looks like conscious or intentional processes, is
complemented with a new stance on self-perception that allows for explicit re-
presentation, as evidenced by mirror self-recognition.

There is certainly an important development, yet largely unspecified, occurring from
the time infants seem to show the first signs of breaking away from the direct perception
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of the embodied self, to explicit self-recognition. The original process that might trigger
this development is the propensity of infants by 2 months to engage and start paying par-
ticular attention to the result of their own playful and repetitive actions. With such
engagement, they start to probe their own vitality, systematically reproducing certain
effects, and discovering themselves as a dynamic system with means to achieve goals
(Baldwin, 1884/1925). This process determines a new sense of self as intentional or
planful, in parallel to the direct sense of the embodied self (ecological self ) and social self
they develop early on in their interaction with objects and people. By intentional (a
semantically loaded term), what is meant here is a sense of self as a planning entity that
can anticipate future events and relate to past ones, whether physical or social. It is a sense
of self which, in contrast to the embodied ecological and interpersonal selves, is not linked
to the immediacy or “here and now” aspect of direct perception and action in physical
or social contexts. It is actually a sense of self that cuts across the ecological and inter-
personal self, transcending them and resting on their integration as suggested by mirror
self-recognition.

In conclusion, at the origin of an explicit sense of self, there might be the early ability
to contemplate and repeat actions in order to explore their consequences, beyond the
immediate, embodied sense of self infants experience from birth in their interaction with
physical objects and people. This process, I propose, contributes to an early objectifica-
tion of the self which eventually develops into an explicit self-concept by the middle of
the second year. Aside from this general process, questions remain regarding the factors
that lead infants toward self-conceptualization and what the actual content of self-concept
is when emerging by the second year of life.

Related Issues

Some theories emphasize the role of social frames from which infants develop a sense of
self that is primarily interpersonal (Fogel, 1993; Kaye, 1982). Other theories emphasize
the role of active interaction between infants and their environment, whether physical or
social (Baldwin, 1884/1925; Piaget, 1952, 1954). Furthermore, some theorists suggest
that infants develop first a sense of the core (intermodal) self that eventually grows into
an interpersonal and conceptual self (Stern, 1985). On the contrary, other theories state
that the concept of self is inseparable from social relationships and the relational narra-
tives infants create in interaction with people (Fogel, 1995).

The debate is still very much open and it is only with more empirical data that 
we will make progress in approximating what counts in the early development of self-
concept, namely, the development of the self recognized in a mirror or objectified in the
action on physical objects, but also the self that is conceptualized and develops in rela-
tion to others. The question of the origins of self-concept is indeed inseparable from issues
regarding the origins of physical knowledge, as well as the origins of social knowledge
(Rochat, 1999), emotional development (Lewis, 1992), and theories of mind (Hala,
1997).
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Further Reading

Fogel, A. (1993). Developing through relationships: Origins of communication, self and culture. Hemel
Hempstead: Harvester Press. A theoretical view on the essentially social nature of self-
knowledge, developing from the outset in relation to others.

Lewis, M. (1992). Shame: The exposed self. New York: The Free Press. An account of self-
development in infancy and early chidhood as it relates to emotional development, in particu-
lar the emergence by the second year of life of secondary (self-conscious) emotions such as
embarrassment, guilt, and shame.

Rochat, P. (Ed.). (1995). The self in infancy: Theory and research. Amsterdam: North-Holland/Else-
vier. An edited volume assembling chapters by major infancy researchers and theorists on the
issue of developing self-knowledge in the first year of life.

Rochat, P. (Ed.). (1999). Early social cognition: Understanding others in the first months of life.
Mahwah, NJ: Lawrence Erlbaum Associates. An edited volume assembling chapters on the issue
of understanding others, but also indirectly on the issue of developing an understanding of the
self in interaction with others during the first year of life.
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Chapter Eight

Joint Visual Attention in Infancy

George Butterworth†

Introduction: Defining Joint Visual Attention

It is relatively easy to understand what is entailed in joint visual attention by defining it
operationally as “looking where someone else is looking.” Such a definition has the advan-
tage that it is straightforward to establish whether and when babies can locate objects on
the basis of a change in the direction of gaze of their partner. Put slightly more subtly,
joint visual attention (henceforth JVA) may be defined as following the direction of atten-
tion of another person to the object of their attention (Emery, Lorincz, Perret, Oram, &
Baker, 1997). As Bruner (1995) points out, however, there is much more to JVA than
the mere coincidence of separate lines of gaze. Joint attention in infancy forms a bedrock
for shared social realities, a precondition for the acquisition and use of language, and, in
its deepest sense, for the formation and maintenance of culture: it also depends on sharing
the focus, context, and presuppositions about objects that guide attention. For attention
to be joint, separate individuals may have common knowledge of the focus of each other’s
attention and the focus of attention of one partner may be regulated by that of the other
person. In some cases, the orienting behavior of one partner may have the effect of redi-
recting the focal attention of the other partner, to bring into the foreground what was
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previously in the background of awareness (Campbell, 2000). Joint attention emerges
when both participants engage focally with the same object.

Adamson and MacArthur (1995) list the constituent components for episodes of joint
attention in infancy as: the developing infant, the caregiver, objects explicitly present in
the immediate vicinity and the symbolic elements, implicitly present within culturally
conventional codes of speech. The order in which these various components of joint atten-
tion first emerge in development has been the subject of some controversy, not least
because the very idea that infants can share points of view with adults was not accepted
in traditional theories that presupposed infant egocentricism (e.g., Piaget, 1954). Clearly,
one would not wish to ascribe a capacity for shared attention to the infant if sharing
depends solely on the adult monitoring the focus of the infant’s gaze. Any sharing in such
a circumstance would be entirely one-sided and not mutual.

The beginning of a more fully articulated definition of JVA rests on the idea that shared
attention depends on deixis: a word derived from the Greek deiknunai meaning “to show”
(Collins Softback English dictionary, 1991). In deictic gaze and in deictic gestures, such
as pointing, there is reciprocity between the participants based on the complementarity
of their separate perspectives. One member in the interaction takes the change of gaze,
or the direction of the pointing hand, as a signal which “shows” the location of some-
thing of mutual interest. Showing, however, admits of various degrees of precision,
ranging from drawing attention to whole scenes to individuating a particular object or
part of an object. Different cues for joint attention vary in their effectiveness, both at dif-
ferent times in development, between species and in their precision of reference. The pre-
cision with which a referent is singled out in episodes of JVA is important because it
relates to the question of ambiguity of reference, that is, how we can know precisely what
someone is referring to.

The deictic definition of joint attention, which includes mutuality as a defining con-
dition, may be teased apart even further. The earliest form of reciprocity may refer to
shared experiences which do not actually involve inanimate objects as third parties. Infant
and adult are mutually attentive in face-to-face interaction and each is the object of the
other’s attention. Trevarthen (1979) described such basic mutuality as “primary inter-
subjectivity,” which he defines as a capacity for perceiving others as intentional agents
with feelings. Primary intersubjectivity is especially evident in the emotional attunement
of mother and her 3-month infant in dyadic interaction. The infant looks attentively at
the mother’s face, reacts with smiles, makes lip and tongue movements resembling speech
and gestures with the hands in a finely attuned, rhythmic, and reciprocal turn-taking (see
also Trevarthen, 1993). Mutual gaze and gaze avoidance play an important part in regu-
lating these early interactions, which are especially evident in the first 3 months, before
babies become engrossed with handling physical objects.

Triangular interpersonal relations, as for example between mother, father, and the 3-
month infant, are of particular interest. Fivaz-Depeursinge and Corboz-Warnery (1999)
described such triangular sharing of attention in 3-month-olds. While the baby is inter-
acting actively with one parent, she may nevertheless orient frequently to the other parent,
not only looking but also smiling, transferring affect from one parent to the other as if
intent on maintaining the experience of three people together. The authors suggest that
such “social triangulation” may be a developmental precursor of the triadic referential
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relations that incorporate inanimate objects and which are typically observed later in the
first year. Stern (1999) has described the experience of feelings in realtime by young
infants as being modulated by “vitality contours.” Vitality contours are a reflection of the
manner in which actions are carried out; they are captured by such terms as surging,
fading away, fleeting, explosive, or tentative which describe the dynamic flow of action
and interaction. Of particular relevance to triangular relations is the way in which vital-
ity contours give rise to attunement of affect, in which the parents amodally match the
vitality contour of the baby’s action, as a message indicating that they have shared the
emotional experience (e.g., of joy or sorrow). Later in development, vitality contours carry
information in the context of social referencing, as the baby seeks reassurance about how
to act and feel with strange, perhaps frightening objects (Campos et al., 1983).

Incorporating an external referent is evidence for a developmental change toward com-
munication around a topic – what Trevarthen (1979) calls “secondary intersubjectivity”
– and this marks an important progression in the infant’s capacity for JVA. However, we
should not forget that this progression builds upon earlier aspects of mutuality, shared
attention and shared emotions.

The scope of contemporary studies of JVA has in recent years been extended to take
into account comparative evidence from monkeys and apes (Itakura, 1996; Povinelli 
& Eddy, 1996a,b,c). The way in which jointly shared attention maps into language 
acquisition in toddlers has also been studied (Baldwin, 1993; Bloom, 2000). Links 
with developmental psychopathology have also been suggested, such that deficits in JVA
may be among the primary causes of childhood autism (Baron-Cohen, Leslie, & Frith,
1985).

Table 8.1 helps to bring some order to the contemporary evidence in this complex
field. It is a modified version of a table by Adamson and MacArthur (1995), which
describes phases in the development of joint attention. Put very simply, Adamson and
MacArthur (1995) suggest that, in the first 9 months, it is mainly mothers who adjust
their gaze to the interests of the infant rather than vice versa. From 9 months onward the
infant initiates more and the dyadic interaction becomes capable of incorporating “third-
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Table 8.1 Phases in the development of joint attention during
human infancy

Developmental phase Age of onset

Shared attentiveness (Primary intersubjectivity) From birth
Interpersonal engagement 6–8 weeks
Triangular relations
Fragile triadic JVA 3–4 months
Object involvement 5–6 months

Robust triadic JVA (Secondary intersubjectivity) 9–15 months
Canonical pointing 11 months
Emergence of symbols 18 months

Source : Adapted from Adamson & MacArthur (1995)



party” objects, with each participant contributing to the sharing of attention. The phases
before and after 9 months have been respectively characterized as “supported” and “coor-
dinated” JVA (Bakeman & Adamson, 1984). From about 13 months the conventional
codes of the culture, including language, begin to emerge within episodes of joint engage-
ment. This broad framework offers a useful timetable for the emergence of robust forms
of JVA and for its potential links with language. However, recent research suggests that
coordinated JVA, in which the baby follows the adult’s change of gaze, can be observed
long before the 9-month watershed if the testing conditions are right. Adamson and
MacArthur’s taxonomy needs to be modified to allow a capacity for “fragile” JVA at least
as early as 3 months and an early capacity for triangular relations. Issues about the origins
of JVA are important because they help to determine whether the capacity is acquired
through social interaction (e.g., Vygotsky, 1962) or operant conditioning (e.g., Corkum
& Moore, 1995) or whether it is itself constitutive of social experience and social learn-
ing as Bruner (1995) maintains.

The Phylogeny of Joint Visual Attention

Coordinated visual attention is widespread in the animal kingdom. It is not a specifically
human behavior and has been observed among birds (Ristau, 1991), monkeys, and apes
(Itakura & Tanaka, 1998). However, a variety of mechanisms might explain visual co-
orientation in animals and it is not necessarily the case that complex cognitive abilities
involving mental state attribution are implicated. For example, it is sufficient for one
monkey simply to be in the proximity of food to attract another monkey to that place,
an effect known as local enhancement, without any more specifically localised visual signal
serving as a cue. It is only recently that the gaze cues (defined as coupled head and eye
movement) to which monkeys and apes respond have been systematically studied. Itakura
and Tanaka (1998) found that two 21-year-old chimpanzees (Pan troglodytes) and a 5-
year-old orangutan (Pongo pygmaeus) could, after training, find hidden food when given
cues by a human who either tapped on the correct container, gazed and pointed at the
container, gazed with head movement close up to or further away from the correct con-
tainer, or signaled with eye movements alone. The primates’ performance was accurate
and comparable to that of children aged 2.5 years. Capuchin monkeys can also be trained
to use gaze cues but they failed, even with extensive training over 120 trials, to make use
of eye movements alone to find hidden food (Itakura & Anderson, 1996). These results
suggest that physical proximity to an object may be a sufficient signal for many species
and that head movements, but not necessarily eye movements, serve as cues for attention
among primates.

Tomasello and Call (1997), in a review of gaze following in nonhuman primates, note
that most studies confound bodily orientation with gaze direction. This has also been
true for most studies of human infant gaze following, an issue which will be con-
sidered later. Very few studies control for the different components of the signal, with the
notable exception of Povinelli and Eddy (1996a) with 7-year-old chimpanzees. In one
condition, the human experimenter moved eyes and head, while in another only eye
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movements served as the cue. Chimpanzees looked to where the human was looking 
at above baseline levels in both conditions. Furthermore, chimpanzees would follow 
gaze into the visual space behind them, something achieved by human infants at about
18 months (Butterworth & Jarrett, 1991). If the experimenter’s line of gaze was impeded
by an opaque barrier, they attended to the barrier, as if they knew that it blocked the 
line of sight. This comparative study suggests that chimpanzees share or even exceed 
some of the capacities for JVA in babies. However, these experiments need not imply 
that chimpanzees (or babies) understand seeing as a mentalistic construct. In fact,
Povinelli and Eddy (1996b) went on to show that chimpanzees mainly use forward-facing
head orientation as a cue for attention, without any mentalistic understanding of seeing.
Chimpanzees failed to identify the knowledgeable member of a pair of experimenters,
when one had eyes open and one had eyes closed during food baiting of the rewarded
location, so long as both persons faced forward. Similarly, when one of the forward-facing
humans had a bandage over the eyes, or even when one of a forward-facing pair of experi-
menters wore a bucket over the head, chimpanzees failed to take into account that that
individual could not have seen where the reward had been hidden. This argues rather
strongly against mental-state attribution as the basis for JVA in higher primates and 
for body posture and facial orientation as the important signals on which shared 
attention is based.

Tomasello, Call, and Hare (1998) showed that individuals in five primate species
(chimpanzees, sooty mangabeys, rhesus macaques, stump-tail macaques, and pigtail
macaques) would follow the gaze of conspecifics to locate food on over 80 percent of
occasions within 1 second of when the change of gaze occurred. They suggest that 
gaze following is common both in monkeys and apes. Perret and colleagues have 
discussed a possible neurophysiological base for joint visual attention in monkeys 
(Lorincz, Baker, & Perret, 1999). They suggest that cells in the superior temporal sulcus
of macaque monkeys may code attention direction. Some cells code for whether the
monkey is being looked at or not, while other cells code for attention to locations 
in extrapersonal space. For the latter populations of cells, different types of posture 
information are coded in a hierarchical, coordinated fashion. For example, if a par-
ticular cell codes for gazing to the right, the same cell will respond even if the eyes are
not visible but there is a right-facing profile. Even if the head happens to be occluded the
same cell will respond to a right-facing body profile. Priority is given to certain cues: In
some cells, eye direction takes priority in combining cues, whereas in other cells there is
no priority. In macaques, visual cues from head posture proved to be more important
than those from body posture. A change in eye direction with constant head direction
increased the probability of following eye direction in static displays, even though
macaques will normally follow changes in head direction in preference to changes in eye
direction. Thus, at the neurophysiological level (if not always at the behavioral level),
macaques use orientation of trunk and eyes to identify the locus of visual attention of
other macaques.

In summary, visual co-orientation is readily observed in nature with examples docu-
mented in birds, monkeys, and apes. There is evidence that higher primates are similar
to human infants in actually monitoring gaze (i.e., head and eye movements) for joint
attention. To the extent that joint visual attention occurs, cues for spatial orientation from
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head, eyes, and trunk are implicated, perhaps in a hierarchical fashion. Joint visual atten-
tion need not imply that an organism understands seeing as a mental state since the bodily
orientation of the conspecific carries sufficient information for JVA to occur. Thus, joint
attention in its most elementary form may be considered as a form of selective orienting
based on postural cues of the social partner which serve as signals for potentially inter-
esting objects in the environment.

The Emergence of Joint Attention

The major theoretical impact of Scaife and Bruner’s (1975) pioneering study was 
on received theories of infant egocentrism (Butterworth, 1987). Scaife and Bruner (1975)
showed that infants as young as 2 months followed a change in the orientation of gaze of
an adult. Their observation was initially met with some skepticism since JVA in infancy is
not possible in traditional theories, such as Piaget’s (1952, 1954); and Collis (1977) was
unable to replicate the results with such young babies. In Scaife and Bruner’s (1975) origi-
nal study, babies followed the adult’s direction of gaze, to left or right, into an empty visual
field and the absence of objects may have made the effect particularly fragile. Many sub-
sequent studies, which have incorporated objects, have placed the onset of JVA very much
later, usually after 9 months (Carpenter, Nagel, & Tomasello, 1998; Corkum & Moore,
1995; Moore & Corkum, 1994; Morissette, Ricard, & Gouin-Decarie, 1995).

One reason why the age of emergence of JVA has been so much later in replication
studies than in Scaife and Bruner’s original observation is that conservative diagnostic cri-
teria have often been adopted. The spatial conditions of testing may have placed great
demands on babies’ ability to integrate the change in the adult’s focus of attention with the
target. In Carpenter et al.’s (1998) study babies had to accurately localize targets placed at
approximately 45 or 80 degrees to the right or left of the midline. Babies were not cred-
ited with JVA unless they could accurately localize all the targets (Carpenter et al., 1998,
Figure 1). Similarly, Corkum and Moore (1995) applied a stringent criterion that infants
should show spontaneous gaze following and also produce five consecutive correct
responses in order to be credited with the capacity of JVA. Morissette et al. (1995) also
used large spatial separations of the targets and stringent scoring criteria which showed JVA
to be coincident with comprehension of pointing at 12–15 months. Stringent performance
criteria and demanding spatial conditions will certainly show when a robust ability for JVA
is available (see Table 8.1), but these criteria do not allow for early-appearing JVA.

Other studies, using less stringent criteria for JVA, have consistently claimed that joint
visual attention can be observed at least as early as 3 months, as Scaife and Bruner (1975)
claimed. For example, Butterworth and Cochran (1980) and Butterworth and Jarrett
(1991) showed JVA in a simple, uncluttered laboratory environment in 6-month-old
babies. More recently, D’Entremont, Hains, and Muir (1998) showed JVA in 4-month-
old babies using targets that were placed each side of the baby’s midline and in the periph-
ery of vision. There was no requirement to single out a particular target among many
potential targets and joint attention was inferred from the fact that the response termi-
nated at the target located on the appropriate side. Thus, in the D’Entremont et al. study,
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the infant could succeed by simply encoding the direction of the adult’s gaze (left or right),
following which the specific referent would single itself out as it came into the periphery
of vision. This interpretation is consistent with the finding of Hood, Willens, and Driver
(1998) that babies of 4 months would look in a particular direction when cued by the
orientation of the eyes on a face presented as a computer display.

In adults, the eye movements in computer displays take precedence in allocating atten-
tion, even when their direction does not predict the location of a subsequent event, 
a phenomenon which has been described as “reflexive social orienting” (Friesen & 
Kingstone, 1998, p. 494). Furthermore, adults are significantly faster in responding to a
display comprising head and eyes when both are oriented in the same direction than 
when eyes and head are oriented in opposite directions (Langton, 1999). This suggests
that, for adults, a directional decision may be based on the orientation of both the head
and eyes, or possibly that incongruous signals, where eyes face one way and head the
other, confound interpersonal and extrapersonal attention mechanisms (see discussion
below of Butterworth & Itakura, 1999).

Clearly, the recent data from babies suggest that some components of joint visual atten-
tion must already be in place by 4 months, albeit in fragile form, based on monitoring
head orientation, eye movements, or both. Controlled comparisons at different ages are
needed to establish what is changing with development of JVA. Butterworth and Cochran
(1980) and Butterworth and Jarrett (1991) carried out such studies with participants as
young as 6 months, in a homogeneous laboratory environment where the walls were
screened by curtains to form a neutral background. Identical targets were systematically,
symmetrically located, relatively close to the experimenter and infant (minimum and
maximum distances in the infant’s visual field were approximately 1m at 60 degrees from
the midline and 2.60m at 30 degrees from the midline). Adults and infant were seated
“en face,” at the same height as the targets. The adult changed her focus of attention to
one of the targets by reorienting head, eyes, and trunk, holding her posture for approx-
imately 5 seconds. The aim was to establish the spatial conditions under which 6-month-
old babies could “follow into” a change in the adult’s direction of gaze. Babies at 6 months
showed significantly more responses to targets on the correct side and were clearly capable
of triadic attention (Butterworth & Jarrett, 1991). Further studies showed that babies of
this age could accurately locate the correct target either if it was stationary and first along
the baby’s scan path into the periphery of vision, or if both targets were simultaneously
in motion and the correct target was the more peripheral of the two (Grover, 1988). That
is, attention-worthy attributes of objects in the periphery of vision may assist the young
baby to identify a common focus for joint attention.

There appear to be important developments in the extent of the visual field that a baby
will scan in looking for an object. Butterworth and Cochran (1980) used the adult ori-
entation procedure with an empty visual field. Babies at 12 months searched through
about 40 degrees from their own midline following an adult orientation and then gave
up. If the adult gazed at a target located in the space behind the baby, the infant at 12
months still turned only through 40 degrees and then gave up. This implies that, at 12
months, the infant takes the adult’s gaze to refer to a potential object that is somewhere
within a shared visual space. If the baby’s own change in the focus of attention fails 
to locate an object (because the shared visual field is empty) the process of shifting 
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attention terminates (see also Caron, Krakoswki, Liu, & Brooks, 1996). However, 
Butterworth and Jarrett (1991) showed that by 18 months babies did search behind 
them when the visual field in front was empty, which suggests that they are now aware
of a surrounding space. Therefore, once the competing evidence is carefully analyzed, it
is clear that triadic JVA is possible, under appropriate conditions, before the 9–12-month
watershed (Butterworth & Grover, 1988, 1989; Butterworth & Jarrett, 1991). With
development, new abilities to attend to targets at greater and greater angular distances
from the baby progressively supplement a basic “ecological” mechanism.

Butterworth and Jarrett (1991) suggested that three successive mechanisms of joint
visual attention can be discerned in the age range between 6 and 18 months. At 6 months,
babies look to the correct side of the room, as if to see what the adult is looking at, but
they cannot tell which of the two identical targets on the same side of the room is correct,
unless it happens to move or in some way be the more salient. Joint visual attention
depends on the differentiated structure of the natural environment so that what initially
attracts the adult’s attention and leads her to turn (thus providing the baby with infor-
mation about spatial direction through the change in her postural orientation) is also likely
to capture the attention of the infant (thus providing information about spatial location
through the object’s intrinsic properties). This ecological mechanism enables a “meeting
of minds” in the self-same object.

Between 12 and 18 months the infant begins to localize the target correctly, even when
it is further into the periphery than an identical distracter target (Butterworth & Jarrett,
1991). This new mechanism was called “geometric” because it appeared to require extrap-
olation of a vector between the mother’s head orientation and the referent of her gaze.
Butterworth and Itakura (1999) investigated the hypothesis that babies become capable
of “geometric” vector extrapolation but it emerged that neither babies, children, nor adults
used such a precise mechanism to locate the referent of another’s gaze. Instead, it turned
out that the onset of robust JVA is marked by a progressive increase in the ability to local-
ize targets that are further into the periphery than a distracter target – thus, at this age,
the attention-capturing properties of objects themselves become less important. However,
JVA continues to be limited by the boundaries of the babies’ visual space until 18 months
of age when babies become capable of searching the space behind them.

Why does robust joint visual attention take so long to develop? Among the most
important constraints on joint attention in early infancy is the capacity to integrate actions
and events across gaps in space and time. Millar and Schaffer (1972, 1973) showed that
babies of 6 months readily learned to bang on a canister for contingent light reinforce-
ment, which occurred at the same place where they were banging (i.e., under conditions
of complete contiguity between stimulus and response). They also learned such a response
when the location of the light reinforcement did not occur in the same location as the
response, providing that there was a spatial cue within their visual field to draw attention
to the light. However, when there was no visible cue to the reinforcement light, babies
failed to learn the response. Millar and Schaffer conclude that, before 9 months, divid-
ing attention between an action and its consequences presents major difficulties for the
infant because attention must be coordinated between separate foci. Evidence is wide-
spread that a rapid stage-like change occurs between 9 and 12 months in the ability to
bridge such gaps. This change may be linked with maturation of frontal lobe functions,
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which allow infants to make rapid progress in solving delayed response tasks (Diamond,
1991: see chapter 6).

However, frontal lobe maturation may not be the whole story because, as was said
earlier, babies of 3–4 months engage in triangular relations with adults across spatial 
separations which are much greater than those which they fail to encompass in triadic
JVA (Fivaz-Depeursinge & Corboz-Warnery, 1999). It seems possible that the underly-
ing change is from direct triangulation within social relationships, observed at least 
as early as 3–4 months, to referential triangulation (i.e., triadic JVA), in which the 
preexisting ability for social triangulation is now used to single out (refer to) inanimate
objects. Careful experiments are needed to establish exactly how such a transition 
might occur, since factors such as the size, visibility, animacy, and distance of the people
and objects involved in triangular vs. triadic relations have not so far been systematically
controlled.

In summary, the ability to integrate information across spatiotemporal gaps may be
one of the basic underlying processes that allows the transition to robust JVA. The increas-
ing distance of targets that are accessible with age may simply reflect changes in the ability
to integrate attention to events at differently spaced foci. Other cognitive changes may
contribute, however, particularly the ability to search for hidden objects on the basis of
minimal cues. Robust JVA may mark a transition from communication primarily within
directly perceived, effectively based human relationships to referential communication
incorporating objects.

Pointing and Joint Visual Attention

The characteristics of the signal that indicate a change in direction of gaze (change in
head orientation with eye movements or eye movements alone) influence the incidence
and accuracy of infant responses. It is relatively difficult to find evidence for eye move-
ments alone being effective in joint attention in large-scale spaces before about 18 months
(Butterworth & Jarrett, 1991; Corkum & Moore, 1995). Studies of older children and
adults also suggest that eyes alone are not a good cue to gaze direction. Contrary to what
one might have expected, Butterworth and Itakura (1999) found that adult observers
were more accurate in locating a target when the experimenter was wearing sunglasses
than when the eyes were visible; and children aged 4.5 years were more accurate in locat-
ing the target when the experimenter had his eyes closed rather than open. Findings such
as these suggest that the eyes are not necessarily the primary source of information for
singling out the object in triadic JVA. However, there is another cue that does appear to
be uniquely important in determining the object of JVA – pointing.

The second major phase shown in Table 8.1, which we have characterized as robust JVA,
is marked by the onset of pointing. Index finger pointing is a means of making definite ref-
erence that is intimately linked to gesture and speech. Here we will examine evidence for
its species-specificity to humans and will offer some evidence for the universality of the
gesture. First, it is necessary to describe the typical posture of the hand in pointing to avoid
confusion with other indicative gestures. In pointing, the index finger and arm are
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extended in the direction of the interesting object, while the remaining fingers are curled
under the hand, with the thumb held down and to the side. The orientation of the hand,
either palm downward or rotated so the palm is vertical with respect to the body midline,
may also be significant in further differentiating subtypes of indexical pointing. Pointing
is a deictic gesture which is used to reorient the attention of another person so that an
object becomes the shared focus for attention. Rolfe (1996) offers three criteria for deictic
pointing: (1) it is dialogic in that it requires an audience and is for someone else’s benefit;
(2) the gesture serves to single something out which the addressee comprehends to be the
referent; (3) the direction of what is being pointed at is seen as away from the pointing
hand. These three characteristics constitute the contextual and cognitive requirements for
the comprehension and production of pointing. We will begin by considering some com-
parative studies to evaluate the claim that pointing is species-specific to humans.

Comparative Evidence on the Species-Specificity of Pointing

The precise definition of the pointing gesture is rather important in evaluating compara-
tive evidence. For example, the pointer dog, according to Hewes (1981), has been asso-
ciated with humans in hunting for at least two and a half thousand years. The dog aligns
its whole body with the target, from tip of nose to extended tail, sometimes with a front
paw raised, in a manner partly analogous to human deictic behavior. The orientation of
the dog indicates the general direction of fallen wildfowl, which assists the hunter locate
the prey. However, it is not the case that the dog engages in a dialogue with the hunter
and, furthermore, whole-body orienting differs in other important ways from indexical
pointing. For example, the dog does not see itself orienting toward the prey, whereas sight
of the hand and the object in the visual field may be integral to the production and com-
prehension of pointing in humans.

Chimpanzees (Pan troglodytes) and orangutans (Pongo pygmaeus) are capable of signal-
ing with manual indicative gestures, in which the arm, open hand, and extended fingers
are oriented in the direction of an interesting sight. The behavior is usually made by
captive, trained chimpanzees to their human trainers and it is rarely seen between con-
specifics. Higher primates generally give no prominence to the index finger in making
indicative gestures (Blaschke & Ettlinger, 1987; Call & Tomasello, 1994; Menzel, 1974).
Hewes (1981) describes an observational study of a pair of captive bonobos (Pan panis-
cus) in which only 21 indicative gestures were observed in 600 hours of filming. These
were made by the male and served to indicate to the female that she should move to
another part of the enclosure. The question is whether such open-handed, indicative ges-
tures in chimpanzees should be considered equivalent to human pointing. Some authors
have argued that they are equivalent and that the function of indicating is more impor-
tant than the form of the gesture (Krause & Fouts, 1997). One factor that may limit
index finger pointing in apes is the anatomy of the hand. An intriguing observation by
Povinelli and Davis (1994) points to subtle differences in the anatomy of the human and
chimpanzee hand: they noted that the resting posture of the index finger in anaesthetized
humans is slightly proud of the remaining fingers, whereas in chimpanzees all the fingers
remain aligned when at rest.
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However, this need not mean that indexical pointing is impossible for chimpanzees. It
has recently been shown that chimpanzees (Pan troglodytes) can signal with an index finger
(Leavens, Hopkins, & Bard, 1996). The clearest evidence came from a chimpanzee named
Clint, aged 14 years, who extended the index finger through the cage mesh (with left and
right hand) apparently as a request to the experimenter for food which had fallen on the
ground. Index finger extension was less frequent (38 instances) than whole-hand indicative
gestures (102 instances). Indicative gestures were used by Clint as an imperative for food
items (i.e., give me that food) and it is possible that his index finger extensions may have
been learned as a particular consequence of social contact with humans since he was never
observed to use index finger pointing with conspecifics. Nevertheless, some of his index
finger extensions were accompanied by checking where the experimenter was looking – sug-
gesting that the gesture required an audience – and he only made the gesture when the
experimenter was facing him. Leavens and Hopkins (1998), in a study of 115 chimpanzees
aged from 3 to 56 years, found that 47 animals made whole-hand indicative gestures and
six animals used indexical points with arm extended to single out the location of food. Of
78 chimpanzees who made gestures of any kind, 35 percent of the gestures were accompa-
nied by vocalization, a figure rather lower than usually found with babies. High levels of
gaze alternation (checking) were observed, however (80 percent of animals showed check-
ing from 8 years), which is typical of humans too.

Krause (1998) has reported human-like indexical pointing, with arm extension, in a
21-year-old captive chimpanzee who was trained to indicate to a naive experimenter
which of four possible places contained a hidden object. These conditions required greater
precision than is usually demanded of chimpanzees in such tasks, which may have influ-
enced selection of the gesture. However, it is possible that the gesture was learned from
human caretakers, since the chimpanzee was sign language-trained. Furthermore, it was
made with scant regard to hand orientation, so that pointing was sometimes observed
with the upside-down hand (M. A. Krause, personal communication, 1998). G. E. 
Butterworth (personal observation, 1998) found that 19 out of 20 examples of pointing
in ten babies occurred with the palm downward, and one with the palm sideways. That
is, upside-down pointing never occurred, which suggests that Krause’s chimpanzee may
have been trained to point by molding the begging gesture.

As has already been noted, feral chimpanzees have not been observed to point indexi-
cally and, indeed, whole-body orienting may be sufficiently communicative for the chim-
panzee’s purposes in the wild (Menzel, 1974). Povinelli, Bering, and Giambrone (2000)
note that neither of the two long-term studies of chimpanzees in the wild which extend
over 40 years have ever reported pointing in chimpanzees. Furthermore, even if pointing
in chimpanzees is morphologically similar to that in humans (and there is very little evi-
dence for this), this would not necessarily imply that pointing is understood in the same
way by chimpanzees and humans. Povinelli, Reaux, Bierschwale, Allain, and Simon (1997)
showed that, whereas 2-year-old children had no difficulty finding hidden objects on the
basis of a manual pointing cue (i.e., independent of gaze or distance cues), adolescent
chimpanzees responded in terms of the distance between the pointing hand and the target,
choosing whichever target happened to be the nearer to the hand. This suggests they 
do not comprehend the pointing gesture as referential. When the experimenter pointed
across the body to a distant box, but his body was actually closer to the incorrect box, 
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chimpanzees reliably chose the incorrect box. In contrast, a study by Lee, Eskritt, Symons,
and Muir (1998) showed that 3-year-old children consistently responded to the pointing
cue when they saw a videotaped event in which an actor pointed toward one object but
looked at another. Furthermore, Couillard and Woodward (1999) showed that 3- to 4.5-
year-old children could easily ignore a misleading cue about the location of a reward if it
was a simple marker placed at the incorrect location of two. However, they were unable to
ignore a misleading point, which suggests that the communicative functions of pointing
tend to preclude it being interpreted as a deceptive cue until quite late into childhood.

The contrast in prevalence and comprehension of pointing in humans as compared with
chimpanzees is graphically illustrated in a study of congenitally deaf infants by Goldin-
Meadow and Feldman (1977). They found that 51 percent of as many as 5000 gestures
produced by toddlers aged 17 to 47 months were indexical points at things, people, or
places (cited in Hewes, 1981). Franco and Butterworth (1996) also found that pointing
comprised more than 55 percent of the gestures of babies aged 14 months, whereas other
indicative gestures involving the whole hand, or extended arm and closed fist, or isolated
index finger extension, accounted for only 18 percent of gestures in total. Furthermore,
whole-hand indicative gestures and index finger pointing were uncorrelated in develop-
ment, with indicative gestures remaining at a low constant level between 12 and 18
months, whereas pointing increased exponentially. A similar low correlation between
pointing and other indicative gestures was found by Lock, Young, Service, and Chandler
(1990). All this evidence suggests that open-hand indicative gestures and pointing are
unrelated and therefore may serve different purposes in communication. For babies index-
ical pointing is the preferred means of sharing attention, whereas for chimpanzees pro-
duction of indexical behavior is at best very rare and may, in any case, serve primarily as a
request (protoimperative) rather than to share attention (protodeclarative).

The recent upsurge of research on pointing in chimpanzees suggests that it is not pos-
sible to maintain an absolute divide between humans and other higher primate species
with respect to open-handed indicative gestures. Thus, some aspects of the capacity for
sharing attention by indicating may be shared with other primates. This makes explain-
ing indexical pointing all the more interesting since, unlike the case for JVA, there are
many strong contrasts between humans and chimpanzees. These include the incidence of
the gesture, its precise form, and the preference for pointing in babies over other means
of indicating. In particular, canonical index finger pointing in humans is done for con-
specifics – whereas it has never been observed to occur between chimpanzees – and it is
declarative (it serves to redirect attention toward an object), whereas in chimpanzees
almost all examples are imperative (it usually serves as a request). On the evidence to date,
by these broader deictic criteria, declarative indexical pointing is probably species-specific
to humans, unlike gaze cues, which widely serve joint visual attention in nature.

Pointing Comprehension in Humans

We will first discuss pointing comprehension, which begins around 11 months, before
going on to factors involved in pointing production. Many studies agree that the compre-
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hension of pointing slightly precedes its production, but this may simply reflect relative lack
of knowledge about the precursors (Franco & Butterworth, 1996; Leung & Rheingold,
1981; Messer, 1994). There is evidence that the spatial conditions of testing influence
whether infants comprehend pointing or not. An early study by Lempers (1976) found that
babies of 9 months comprehend pointing to nearby targets and by 12 months they com-
prehend pointing to more distant targets. Morissette et al. (1995) in a longitudinal study
also found that comprehension of manual pointing to relatively distant targets begins at
about 12 months. The most frequent error of babies was to look at the pointing hand rather
than at the designated target. Murphy and Messer (1977) found that pointing compre-
hension was earlier (9 months) for targets on the same side of the room as the pointing hand
than when the point was into the contralateral half of the infant’s visual space, across the
body midline of the adult seated en face (12 months). Butterworth and Grover (1989)
showed that pointing was understood by 12 months in that pointing produced head
turning in the direction indicated by the pointing hand. By contrast, infants at 6 or 9
months were as likely to fixate the pointing hand as the designated target. Morissette et al.
(1995) and Carpenter et al. (1998) found that pointing comprehension occurred earlier for
nearby than for more distant targets and the angle subtended by the targets, relative to the
baby, influenced the probability of pointing comprehension. Others have also found similar
effects (Lempers, 1976; Murphy & Messer, 1977). Carpenter et al. (1998) noted that babies
comprehended pointing to targets to their right two months before targets to their left, a
phenomenon also reported by Butterworth and Itakura in a symmetrical environment
(1999). These observations on asymmetries favoring the right side of space in JVA are very
recent and they require further validation. In the Butterworth and Itakura (1999) study, the
asymmetry in babies’ attention was only apparent for gaze plus pointing which took atten-
tion further into the right visual periphery than the left. The asymmetry was not apparent
for gaze cues alone, which took attention a lesser distance equally into the left or right
periphery. Asymmetries in attention allocation to the right visual field, possibly mediated
by left hemisphere brain functions, could be very important in linking the pointing gesture
in development with species-typical brain mechanisms for speech.

Detailed longitudinal studies are needed to establish exactly how babies begin to under-
stand pointing. Mothers go to a great deal of trouble, with exaggerated hand movements,
to lead the young infant’s gaze from the hand onto the target (Murphy & Messer, 1977).
Grover (1988) showed that the infant’s latency to fixate the correct target significantly
decreased between 9 and 12 months, which suggests that the gesture rapidly acquired the
status of a signal. Babies at 12 months were significantly more likely to respond to a
change of gaze plus point than to gaze alone, and they fixated a target further into the
periphery of vision for pointing than for gaze alone. When the salience of the targets was
experimentally manipulated by setting them into motion, the infant’s response to point-
ing increased to ceiling level. Target motion was sufficient to eliminate hand fixation in
9-month infants, although babies then went on to fixate only the first target along their
scan path from the adult’s hand. By 15 months, however, babies did alight on the second,
more peripheral target, in a sequence of fixations. Thus, infants are not merely fixating
the first object they encounter when they fully comprehend pointing. However, when
babies first begin to understand pointing the attention-worthy object may first “pluck”
the child’s attention from the pointing hand.
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Butterworth and Itakura (1999) tested infants at 6 months, 12 months, and 15 months
for the accuracy with which they could locate one of two identical targets at angular sep-
arations ranging from 25 degrees to 55 degrees. Mother and baby sat “en face” and one
target was always at 10 degrees to the left of the baby’s midline (the first target along their
scan path from the mother), and the second was at a more peripheral leftward position.
The mother either looked at the target (with head and eye movements) or looked and
pointed at the target. For all three age groups there was little evidence that babies could
accurately select the more peripheral of the pair just on the basis of head and eye move-
ments. However, from 12 months, manual pointing had a significant effect on the accu-
racy of the response to the more peripheral target and, by 15 months, there was a clear
advantage to pointing in localizing the more peripheral target at all angular distances.
Infants’ success following the pointing cue, despite the narrow angular separation between
the 10- and 25-degree targets, suggested that they might be solving the problem by extrap-
olating a linear vector along the pointing arm to intersect with the object.

In further experiments with 4.5-year-old children and adults Butterworth and Itakura
(1999) tested the vector extrapolation hypothesis by presenting targets three at a time on
each side of the visual field. The angular separations between targets varied from 4 to 45
degrees for adults and it was held constant at 10 degrees for children, again at 2.7m 
(as for the babies). The task required the participant, who sat next to the experimenter,
simply to state the color of the target that was being singled out by a pointing gesture or
by combinations of head and eye movements. Children were accurate following pointing
but they were not accurate for head and eye movements. Pointing allowed accuracy only
to the periphery of each visual hemifield and children were inaccurate to the intermediate
targets. Adults were generally as accurate following head and eye movements as following
pointing to the targets at separations of 15 degrees or greater (i.e., about 70cm separation
between target centers). However, they were inaccurate for the intermediate target posi-
tions at separations of 15 degrees or less. That is, the pointing gesture successfully drew
attention to the peripheral boundaries of vision both for children and adults, but precise
linear vector extrapolation was not used to follow pointing since there is no reason why a
linear vector should be less accurate for intermediate than peripheral positions.

Butterworth and Itakura (1999) explain the effect on accuracy of manual pointing to
peripheral target locations in terms of the movement of the “lever” formed by the arm.
For any given spatial separation between a pair of targets, the horizontal excursion of a
long lever, like the arm, will be greater than that of a shorter lever, like the head and nose,
or very short levers, like the eyes. Each component of the orienting system may serve to
specify different regions of space. The eyes are most effective just each side of the midline
and they serve as a particularly useful cue as to whether one is being looked at. Head ori-
entation takes attention further away from the midline and pointing takes attention to
the periphery of vision. Thus, one part of the body, the arm and pointing hand may have
become specialized for referential communication in humans because it is particularly
useful in taking attention to the extreme periphery of vision (Butterworth, 1997). The
results of the Butterworth and Itakura study show that, even for adults, following point-
ing is not a completely precise method of achieving JVA. The process of achieving JVA
does not operate by extrapolation of linear vectors and, in a cluttered environment, accu-
racy also requires attention-worthy cues from the object to help single it out.
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The conclusion from these studies is that babies, children, and adults are partially
dependent on target qualities to identify the specific referent of the gaze or pointing signal.
That is, JVA is a two-part process, one part being specified by change in gaze or postural
orientation which define the broad zones of visual space likely to be of mutual interest,
and the other part depending on the object to single itself out in a crowded environment.
Thus, what attracts the adult’s attention and leads her to turn eventually also captures the
infant’s attention and enables a meeting of minds at the location of the object. Head and
eye movements, which are perceived as referential actions from early in development,
come to be supplemented by the pointing gesture, which carries attention further into
the periphery once the infant can integrate experience across the greater distances
involved.

The Production of Pointing

A number of studies now agree on the emergence of canonical pointing (as defined by
the precise hand posture above) at an average age of 11 months, although babies as young
as 8.5 months have been observed to point (Butterworth & Morissette, 1996; Schaffer,
1984). Approximately 33 percent of parents of 8-month-old babies in the United States
report that their babies already point (Fenson et al., 1994). Carpenter et al. (1998), in a
longitudinal study of 24 babies, also in the United States, found that pointing to nearby
objects occurred at 11 months, two months before more distal pointing. Butterworth and
Morissette (1996), in a similar longitudinal study of 27 babies in England, also found
the average age for pointing onset to be in the eleventh month (11.2 months for females
and 11.7 months for males). Ohama (1984) in a longitudinal study in Japan reported
that five out of nine of her sample pointed by 11 months and eight out of nine by 13
months. By 12 months pointing comprises more than 60 percent of all gestures made by
the infant (Lock et al, 1990). Pointing typically emerges suddenly (Lock et al., 1990), as
if after a stage transition. Pointing is accompanied by checking with the adult (3.4 percent
of points at 12 months, according to Lock et al., and about 20 percent at 18 months in
Franco & Butterworth, 1996). Pointing is also accompanied by vocalization (50 percent
of pointing gestures, according to Lock et al., 1990, 76 percent in Franco & Butterworth,
1996, 87 percent in Leung & Rheingold, 1981 – all at 12 months). L. Fenson (personal
communication, 1997) found an accelerated pointing onset for female babies until 12
months, when the number of males who are said to point catches up. Sex differences in
pointing onset could have important implications for understanding female advantage in
aspects of language acquisition, further strengthening the link between JVA and com-
munication development.

It was once widely believed that pointing emerges by the differentiation of index finger
extension from a more primitive open-handed “waving” posture, after the seventh month
(e.g., Leung & Rheingold, 1981; Murphy & Messer, 1977). Although the canonical form
of pointing emerges toward the end of the first year, there is evidence that antecedents of
pointing, in particular the independent extension of the index finger, can be observed
much earlier than was traditionally believed. Isolated extension of the index finger, with
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the other fingers curled inwards in the pointing posture, has been observed in the 3-
month-old baby, in close association with “speech-like” sounds, when the infant is
engaged in social interaction (Fogel & Hannan, 1985; Hannan 1987; Masataka, 1995).
In a longitudinal single-case study Hannan and Fogel (1987) observed pointing move-
ments, predominantly of the right hand, from 18 days. “Pointing” was accompanied by
movements of the eyes and mouth which occurred as a cluster of orienting behaviors.
The pointing movements occurred when the babies were engaged in social interaction
and they continued until the age of 6 months (Fogel, 1981). These microanalytic studies
of babies reveal that “embryonic” forms of the pointing gesture are already in the reper-
toire even though mothers are not typically aware that their babies are pointing. Thus,
the typical pointing posture of the hand does not emerge from a less differentiated form
but shows the typical hand shape from soon after birth.

There are isolated reports that babies can sometimes be observed making pointing
movements for themselves before they engage in pointing for others. Tran-Duc Thao
(1984) described such behavior as reinforcing for oneself the “sense certainty” of the
object, and Lempert and Kinsbourne (1985) relate it to involuntary orienting movements,
or expressions of interest, which are perhaps similar to the transitional phenomena
observed by Franco and Butterworth (1996). These authors found that at 10 months
babies sometimes point at an object, then turn to the mother as if to check with her,
whereupon they point at the mother. This phenomenon was also noted by Masur (1983)
when the mother was holding the object. It is as if visual checking and manual pointing
are coming together in a new coordinated structure comprising pointing and checking,
which is not yet appropriately sequentially organized across the spatial gap. Checking has
been taken as strong evidence of communicative intent since the audience is being “inter-
rogated” for comprehension. Lempert and Kinsbourne (1985) also suggest that such “dual
directional signaling” is evidence for communicative intent. However, this does not mean
that pointing that is not accompanied by checking is necessarily egocentric. An alter-
native hypothesis is that pointing is an aspect of a communication production system,
whereas checking is a complementary aspect of the system seeking confirmation of com-
prehension. This requires further research. In general, the evidence on the antecedents of
pointing takes the form of the gesture into very early human development, again sug-
gesting it is of biological origin.

The social conditions necessary for pointing in babies were investigated by Franco and
Butterworth (1990), who tested babies alone or when with adults who actively pointed
or remained still. Pointing occurred only under conditions where a social partner was
available for communication and babies did not point when alone with attractive objects.
When reunited with the mother this often released a flood of pointing to the targets. Fur-
thermore, pointing by the baby did not require that the adult also point, nor was the rate
of infant pointing a function of the adult rate. That is, infant pointing implies an audi-
ence, even if the partner is another baby, and it is not a function of the adult also point-
ing (Franco, Perruchino, & Butterworth, 1992).

Butterworth, Franco, McKenzie, Graupner, and Todd (1998) carried out a series of
experiments designed to test the “spotlight” metaphor of focal attention in pointing.
Remotely controlled targets, comprising six doll figures that could move their arms and
legs, were set in motion both focally and at different positions in the periphery from 
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50 degrees left to 50 degrees right of the midline. Each trial began with the baby fixat-
ing at the midline and then the dolls were set in motion, either singly or in combina-
tions of pairs. When targets were activated singly, all positions were equally likely to elicit
pointing, despite large differences in the distance from the initial fixation point, which
suggests that stimulus factors eliciting pointing may operate in parallel and do not favor
the initial focal position. When targets were activated in pairs, babies were more likely to
point at the target on the right side of visual space than to the target on the left, which
suggests that the conflict is resolved by attending preferentially to the right side of 
visual space. The primary effect of target position was to determine which hand does the
pointing, with the right hand chosen most often. In subsequent experiments the dolls
were modified so that sound was added to their repertoire. Babies could hear a voice
saying “hello baby” on trials in which sound was combined with doll movement, and this
was compared with trials in which babies heard sound alone (without movement) or
movement (without sound). The bimodal condition proved to elicit significantly more
pointing overall, and females produced significantly more right-handed pointing than
males. Under unimodal visual conditions, the hand chosen tended to be ipsilateral to the
side of target movement. In bimodal conditions, the right hand was favored among
females even for targets to the left of the body midline (babies were aged 13.6 months).
In another study, which involved a toy clown moving across the visual field, latency of
pointing was shown to be a function of event complexity. Pointing to a simple transla-
tion of motion was significantly faster than if the clown moved or vanished during trans-
lation. Complex events of this nature actually tend to suppress pointing. Pointing was
again mainly right-handed, despite the translation of the clown across the field of vision
in both directions.

Thus, once pointing develops in babies, it meets Rolfe’s (1996) criteria for deictic ref-
erence: it requires an audience, refers away from the hand, and has a dialogic character.
Although pointing may terminate in focal attention, targets at widely spaced positions
relative to the observer are equally likely to elicit the gesture. The right hand and the right
side of visual space are privileged in eliciting pointing, but it occurs with either hand.
When events differing in complexity are used to elicit pointing, there is a tendency for
more complex event structures to suppress the gesture, as if the capacity for attention
allocation is in danger of being exceeded.

Pointing and Prehension

Traditional views of the origins of pointing are of two types, which stress either that point-
ing develops out of prehension (e.g., Vygotsky, 1988) or that it is a communicative gesture
from the outset. Within the latter type of theory it is often assumed that pointing is 
initially performed for the self and becomes ritualized through social interaction until 
it serves purposes of social communication (e.g., Werner & Kaplan, 1963). Vygotsky
believed that pointing derives from unsuccessful grasping movements, which are inter-
preted by the mother as a request. In coming to her infant’s aid, the mother converts 
the movement into a gesture for others and it acquires an imperative character. No 
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explanation for the specific hand posture is offered except that it is considered somehow
transitional with grasping.

Franco and Butterworth (1996) tested both these types of theory in a study which
compared the incidence of pointing and reaching gestures in 10–14-month-old babies in
declarative and imperative communicative contexts. Babies had the opportunity to point
at or make grasping gestures to interesting objects that were both in and out of reach.
From the onset pointing was never confused with reaching gestures. It occurred primar-
ily to distal targets (2.7m away) and was accompanied by vocalization and checking with
the partner. Both these accompanying behaviors increased exponentially with age. Reach-
ing gestures were not strongly correlated with checking and they remained at a low level.
These findings run against the view of the origins of pointing as theorized by Vygotsky
(1988), since pointing was not tied in any way to failed grasping and there was no evi-
dence that the imperative use of the gesture had primacy. Carpenter et al. (1998) in their
longitudinal study also found no evidence that the imperative use of pointing emerges
before the declarative. That is, on the detailed empirical evidence to date, the pointing
gesture in humans initially serves a protodeclarative purpose (i.e., look at that) rather than
a protoimperative purpose (i.e., give me that).

In a reinterpretation of the literature on early communicative development Camaioni
(1993; see also chapter 15 in this volume) has argued that imperative and declarative
pointing gestures may differ in their cognitive complexity. The former implies an under-
standing of others as “agents of action,” whereas the latter implies an understanding of
others as “agents of contemplation.” Exercising a causal effect on the world through physi-
cal contact with a person is said to be intellectually less demanding than understanding
that interactions can be causally influenced by distal means. Rather than the declarative
function of pointing being derived from the imperative function, she suggests that they
may be independent. This distinction may partly explain the use of indicative gestures in
chimpanzees, where almost all the evidence shows they are used imperatively and not
declaratively.

That is not to say that pointing has nothing at all to do with prehension in humans.
A clue to the reasons for the morphology of the human pointing gesture comes from the
specific adaptations of the hand. The human hand is highly flexible, with a very great
capability for precision based on the fully opposable index finger and thumb – a factor
considered to be one of the key features differentiating humans from other primates.
Based on rather minimal evidence from two 2-year-old chimpanzees clutching a grape,
Napier (1960) argued that only humans are capable of the pincer grip. The relative size
and position of finger and thumb (the opposability index) sets limits on the extent to
which the base of the thumb can be abducted against the tip of the index finger. He gave
values for the opposability index of 0.65 for humans and 0.43 for chimpanzees, a differ-
ence due mainly to the relatively short thumb of the chimpanzee, which is positioned
low down the wrist.

Two studies have recently reported that the pincer grip is in fact in the repertoire of
the chimpanzee. In one experiment, 80 captive chimpanzees (Pan troglodytes) aged from
1 to 25 years were observed picking up raisins measuring 1.0 to 1.5cm from the cage
floor. A human-like pattern of pincer grip was observed at 2 years, which reached a peak
of 10 percent of all responses at 6 years, (Tonooka and Matsuzawa 1995). The same study
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showed that males were more likely than females to use the pincer grip once they were
over ten years old. A second study of 13 captive chimpanzees (Pan troglodytes) aged from
2 to 5 years showed that precision grips involving the thumb and index finger at or below
the first, distal joint occurred on 25 percent of trials (Jones-Engel & Bard, 1996). The
human-like pincer grip with thumb pad to finger pad abduction occurred on 2 percent
of trials.

These studies suggest that chimpanzees are capable of a degree of precision but they
do not establish how precision grips develop. In human infants the pincer grip and impre-
cise opposition of the index finger and thumb above the first distal joint (the inferior
forefinger grip typically adopted by chimpanzees) can already be observed at 8 months.
The pincer grip is systematically selected by 15 months to grip cubes of 0.5cm. Power
grips, where the object is held between flexed fingers and palm, without thumb opposi-
tion, are rarely used by human infants older than 15 months with objects of these sizes
(Butterworth, Verweij, & Hopkins, 1997). To obtain more detailed comparative evidence,
Butterworth and Itakura (1998) studied 11 captive chimpanzees (Pan troglodytes) aged
from 4 to 20 years who were video-recorded grasping cubes of apple measuring 0.5, 1.0,
and 2.0cm. This study confirmed that chimpanzees do have precision grips in their reper-
toire, at least from the age of 2 years, where the object is held between thumb tip and at
or below the first joint of the index finger. Precision grips increase in frequency slowly,
until chimpanzees are adult, and they are not systematically selected on the basis of object
size at any age. Chimpanzees also use a species-typical precision grip, from about 8 years,
in which they hold a small object between the index and middle fingers (the so-called
“cigarette” grip). Power grips are commonly selected in chimpanzees to the age of 8 years,
even when grasping small objects. This new developmental evidence shows that chim-
panzees, by comparison with human infants, lack strongly systematic selection of precise
grips for small objects. Their relative lack of precision extends across the age range from
2 years to full adulthood. Although a human-like pincer grip is in their repertoire, gen-
erally the whole index finger is selected and the exact position of opposition of the thumb
is relatively uninfluenced by object size.

Once again, the contrast with human infants is revealing since the chimpanzee makes
a developmental transition from predominance of power to precision grips very much
later than is observed in babies. In human infants, there is a transition (between 8 and
15 months) when power grips which do not involve the thumb are eliminated and the
pincer grip is systematically selected by object size (Butterworth et al., 1997). In human
infants, the pincer grip develops earlier in females than in males (Butterworth et al.,
1997). Thus, just as for pointing and indicative gestures, the repertoire of precise grips
in chimpanzees overlaps that of humans, but the rapid rate of development in humans,
especially females, ensures that precision grips and pointing will be used consistently even
in infancy. By contrast, precise grips are infrequent, not consistently selected, and more
typical of adult male chimpanzees.

The theory to be proposed here is that pointing and the pincer grip are co-evolved
but are different aspects of hand function that are specialized respectively for precise
instrumental action and for precise communication (see Butterworth, 1997, 1998). The
characteristic hand posture observed in human pointing may be related to the pincer grip
but as its “antithesis.” Darwin (1904) first proposed the principle of antithesis to explain
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how animal communication often exploits visual signals to convey information. For
example, an animal may signal readiness to attack by making “intention movements”
which are preparatory to fighting. After a fight, the subdued posture of the defeated dog
signals submission because the muscles are activated in the opposite configuration, or
antithesis, to those involved in aggression (Marler, 1959).

In the case of pointing the opposition of the tip of the index finger and thumb in the
pincer grip is postulated to have pointing as its postural antithesis. This also involves a
change in the focus of visual attention. In precise manual activities with tools, focal atten-
tion is on the hand, the tool and the object in the service of precise control of manipu-
lation. In pointing, by contrast, attention is outer-directed and serves rather precisely to
reorient the attention of another person so that an object at some distance can become
a focus for shared experience. On this theory, the emergence of pointing should be related
to the development of other precise uses of the hand, and this indeed is what Butter-
worth and Morissette (1996) established. The pincer grip was invariably in the infant’s
repertoire and it was systematically selected by infants approximately one month before
pointing onset, females earlier than males. Exploration of objects with the tip of the index
finger (tipping) has also been linked to the onset of pointing (Shinn, 1900). Butterworth
et al. (1997) showed that “tipping” and the pincer grip are closely related in development,
with the incidence of tipping declining as the pincer grip becomes established.

In summary, the theory that pointing is the antithesis of the pincer grip links precise,
instrumental, manual action, pointing onset, and species-specific aspects of hand anatomy
and function to the underlying processes governing focused attention. On this argument,
precise tool use and precise manual communication through the pointing gesture are co-
evolved human abilities. Not only do we share some aspects of hand function with other
primates, but also there are human species-typical aspects of hand function that harness
the human capacity for precision both in tool use and social communication. Both the
pincer grip and the pointing gesture require focal attention, but each is a specialized adap-
tation: respectively for precise instrumental action for the self in near space and for precise
communication for others in more distal space (see Butterworth, 1997, 1998).

Pointing and the Transition to Language

A variety of studies have linked preverbal referential communication with language acqui-
sition. Baldwin (1995) points out that the baby, by monitoring the adult’s attentional
focus, should be able to link the adult’s utterances with the correct referent and thus avoid
mapping errors in speech acquisition. Baldwin (1991, 1993) tested the theory by label-
ing one object when 18-month-old babies were focusing on a different object. Babies
turned to check the adult’s referent and thus avoided mapping errors in speech compre-
hension. It seems very likely that it is the identity of experience of the object in JVA which
authorizes the sound stream to be treated as an aspect of the jointly attended object. In
speech production there is evidence that the amount of pointing at 12 months predicts
speech production rates at 24 months (Camaioni, Castelli, Longobardi, & Volterra,
1991). Links between pointing onset and comprehension of object names have also been
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established, with infants understanding their first object name in the same week as they
point (Harris, Barlow-Brown, & Chasin, 1995). Carpenter et al.’s (1998) study showed
that maternal language following into the infant’s focus of attention is the most impor-
tant predictor of the infant’s subsequent speech comprehension and production. For
maternal following in to be effective, the JVA system must already be operating recipro-
cally between mother and baby. The duration of joint engagement around 14 months
was particularly important for predicting subsequent speech production, which may link
up with research by Butterworth and Morissette (1996), who found that changes in 
lateralization at this age, favoring right-handedness particularly among females, may 
contribute to rapid acquisition of speech.

Butterworth and Morissette (1996) studied the relation between age of pointing onset
and the subsequent comprehension and production of speech and gestures. A longitudi-
nal study was carried out linking pointing, handedness, and onset of the pincer grip to
early verbal and gestural communication as measured by the MacArthur infant language
inventory (Fenson et al., 1994). The earlier the onset of pointing, the greater was the
number of different gestures produced and the greater the number of animal sounds com-
prehended at 14.4 months. That is, age of pointing onset appears to be related both to
a gesture and an auditory-vocal developmental pathway. The relative balance of use
between left and right hands in unimanual tasks predicted MacArthur speech production
and comprehension scores at 14.4 months. Girls showed more right-handed pointing
than boys. The amount of right-handed pointing, and the relative balance of pincer grips
between the left and right hands (a measure of lateralized fine motor control), predicted
speech comprehension and production at 14.4 months. Bimanual use of the hands, ter-
minating in right-handed object retrieval, was significantly correlated with MacArthur
speech production at 14.4 months. At this age boys had relatively few words in produc-
tion (about three), whereas girls had on average 12 words. There is evidence from the
MacArthur norms that by 16 months the sex difference in rate of speech production is
marked. At that age females have 95 words in production, males 25 words, a difference
which begins to even out by 20 months (Fenson et al., 1994).

Thus, earlier onset of pointing, earlier and more frequent right-handed pointing, and
more rapid development of speech in girls may suggest that there is a link between point-
ing, cerebral lateralization, gender, and the development of language.

Pointing, Theory of Mind, and Childhood Autism

In recent years the capacity for JVA has been linked to the acquisition of a theory of mind
and to developmental psychopathology, particularly in the case of childhood autism. JVA
has been proposed as a precursor for the later-developing ability to attribute to others
mentalistic concepts, such as desires and beliefs. Baron-Cohen and Swettenham (1996),
following a modular theory of brain organization, have suggested that humans are nor-
mally born with a shared attention module (SAM). According to Baron-Cohen (1996),
SAM could develop in either of two ways: it either metamorphoses to become a theory
of mind module (TOMM) or it activates an innate TOMM, much as a key opens a lock.
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The special purpose of SAM is to produce triadic representations from dyadic interac-
tions such as may be expressed as “I see Mummy sees the cup is on the table.” This theory
needs to be modified to take into account the recent evidence on triangular and triadic
relations in early infancy. Even so, Baron-Cohen et al. (1994) found that deficits in joint
attention and pointing were diagnostic of autism. They screened 16,000 children aged
18 months in the south of England with a checklist that included declarative pointing,
gaze monitoring, and pretend play. Ten out of the 12 children who failed this test were
subsequently diagnosed as autistic, which suggests that pointing and JVA deficits may
indeed be diagnostic indicators for autism.

The question is whether failures in JVA and the development of pointing are neces-
sary and sufficient for autism. Boucher (1996) suggests that a single critical deficit in 
a shared attention module (SAM) may not be a sufficient explanation for autism, since
the DSM III criteria by which it is diagnosed include variants, such as children with
Aspergers syndrome, who do not show theory of mind deficits. Hobson (1991) has 
also been critical of a purely attentional approach to autism, emphasizing instead the
importance of emotional relatedness and the attendant social-affective deficits typical of
the disorder. Taking these criticisms into account suggests that there may indeed be an
attentional deficit particularly evident in failures of declarative pointing, but other factors 
need to be considered.

Manual pointing is not observed in the congenitally blind, yet these individuals are
not normally autistic (Fraiberg, 1977; Hewes, 1981). Pointing is present in the congen-
itally deaf, which suggests that auditory experience is not necessary for its development.
Autistic children, in contrast, have particular problems with language and symbolic
processes (Feldman, Goldin-Meadow, & Gleitman, 1978). The evidence already reviewed
suggests that the age of pointing in normal babies predicts speech onset and that point-
ing has precursors in systems for monitoring gaze and the orientation of body posture.
This may mean that the developmental link between JVA deficits and autism might be
through deficits in orienting responses. We may think of the signals provided by a change
in gaze, eye movements, or in the orientation of the trunk as the external manifestation
of attention processes which reposition the body for optimal perception. Deficits in pro-
duction of such signals may be accompanied by parallel problems in reading the same
signals in the bodily reorientation of others. That brainstem-mediated deficits in orient-
ing may be characteristic of autism is shown by recent research implicating damage to
the motor cranial nerve nuclei, occurring between days 20 and 24 of gestation, at a time
when the brainstem is being formed (Rodier, Ingram, Tisdale, Nelson, & Romano, 1996;
Stromland, Nordin, Miller, Akerstrom, & Gillberg, 1994). This primary deficit may have
developmental consequences for the subsequent growth of the limbic system (and
emotion regulation) and for the cerebellum (and postural control).

If autism is fundamentally a social affective disorder, then links with JVA may arise
through an inability to share affective experiences in triadic relations. Mundy, Kasari, and
Sigman (1992) found that normal babies display significantly more positive affect when
establishing joint attention through pointing, or making eye contact, than when point-
ing or eye contact merely served as requests for an object. Positive affect accompanied
joint attention for between 56 percent and 70 percent, whereas the range for requests was
from 18 percent to 36 percent. Thus, sharing experience, the hallmark of JVA, is nor-
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mally accompanied by sharing positive affect and autistic children may have deficiencies
in both these areas. Further research on the affective aspects of JVA may be useful in rec-
onciling the cognitive approach to autism typified by Baron-Cohen and Swettenham’s
(1996) model with Hobson’s (1991) socio-affective theory. In such a reconciliation joint
visual attention may serve as the common denominator between cognitive and emotional
approaches to the origins of language and the mind.

Conclusion

Joint visual attention in infants has been extensively studied over the last 25 years. This
chapter has shown that gaze and whole-body orientation serve widely as signals in the
animal kingdom. Comparisons with primates show that species differences emerge
strongly only when manual pointing is separated out from the complex of bodily ori-
enting movements that serve as signals for JVA. Even though chimpanzees can produce
gestures that are morphologically similar to those of humans, they do not appear to inter-
pret pointing as referential and actually seem to prefer gaze and trunk cues as signals
rather than the pointing hand. Pointing in humans is intimately connected with species-
typical handedness, with the precision grip, and with the acquisition of language. It is
one of a set of indicative gestures, some of which overlap with those of the higher pri-
mates, but on the evidence to date, only humans use the pointing gesture declaratively
to share attention with conspecifics. Pointing serves to refer as precisely as possible to
objects in the periphery of vision for joint attention, cases for which eye and head move-
ments do not provide accurate information about location. The relative precision of point-
ing may arise because it makes use of the same anatomical adaptations and attention
mechanisms that serve precise tool use. Pointing serves not only to individuate an object
but also to authorize the link between the object and speech from the baby’s perspective.
Finally, deficits in JVA and in pointing may be diagnostic of other problems in social
relatedness which are especially apparent in autism. However, mechanisms for joint visual
attention need to be linked with those responsible for emotional sharing and for postural
reorienting to more fully explain developmental psychopathology.

References

Adamson, L., & MacArthur, D. (1995). Joint attention, affect and culture. In C. Moore & P.
Dunham (Eds.), Joint attention: Its origins and role in development (pp. 189–204). Hillsdale, NJ:
Erlbaum.

Bakeman, R., & Adamson, L. (1984). Coordinating attention to people and objects in
mother–infant and peer–infant interaction. Child Development, 55, 1278–1289.

Baldwin, D. (1991). Infants’ contribution to the achievement of joint reference. Child Develop-
ment, 62, 875–890.

Baldwin, D. (1993). Early referential understanding: Infants’ ability to recognise referential acts
for what they are. Developmental Psychology, 29, 832–843.

Joint Visual Attention in Infancy 235



Baldwin, D. A. (1995). Understanding the link between joint attention and language. In C. Moore
& P. J. Dunham (Eds.), Joint attention: Its origins and role in development (pp. 131–158). 
Hillsdale, NJ: Erlbaum.

Baron-Cohen, S., Cox, A., Baird, G., Swettenham, J., Drew, A., & Charman, T. (1994). Psycho-
logical markers in the detection of autism in infancy, in a large population. Unpublished manu-
script, cited in Baron-Cohen & Swettenham (1996).

Baron-Cohen, S., Leslie, A., & Frith, U. (1985). Does the autistic child have a theory of mind?
Cognition, 21, 37–46.

Baron-Cohen, S., & Swettenham, J. (1996). The relationship between SAMM and TOMM: Two
hypotheses. In P. Carruthers & P. K. Smith (Eds.), Theories of theories of mind (pp. 158–168).
Cambridge: Cambridge University Press.

Blaschke, M., & Ettlinger, G. (1987). Pointing as an act of social communication by monkeys.
Animal Behaviour, 35, 1520–1525.

Bloom, P. (2000). How children learn the meanings of words. Cambridge, MA: MIT Press.
Boucher, J. (1996). What could possibly explain autism? In P. Carruthers & P. K. Smith (Eds.),

Theories of theories of mind (pp. 223–241). Cambridge: Cambridge University Press.
Bruner, J. S. (1995). From joint attention to the meeting of minds. In C. Moore & P. Dunham

(Eds.), Joint attention: Its origins and role in development (pp. 1–14). Hillsdale, NJ: Erlbaum.
Butterworth, G. E. (1987). Some benefits of egocentrism. In J. S. Bruner & H. Weinreich-Haste

(Eds.), Making sense of the world: The child’s construction of reality (pp. 62–80). London:
Methuen.

Butterworth, G. E. (1991). The ontogeny and phylogeny of joint visual attention. In A. Whiten
(Ed.), Natural theories of mind (pp. 223–232). Oxford: Blackwell.

Butterworth, G. E. (1997). Starting point. Natural History 106(4), 14–16.
Butterworth, G. E. (1998). What is special about pointing? In F. Simion & G. E. Butterworth

(Eds.), The development of sensory motor and cognitive capacities in early infancy: From perception
to cognition (pp. 171–187). Hove: Psychology Press.

Butterworth, G. E., & Cochran, E. (1980). Towards a mechanism of joint visual attention in
human infancy. International Journal of Behavioural Development, 3, 253–272.

Butterworth, G. E., Franco, F., McKenzie, B., Graupner, L., & Todd, B. (1998). Dynamic aspects
of event perception and the production of pointing by human infants. Unpublished manuscript,
University of Sussex.

Butterworth, G. E., & Grover, L. (1988). The origins of referential communication in human
infancy. In L. Weiskrantz (Ed.), Thought without language (pp. 5–25). Oxford: Oxford Univer-
sity Press.

Butterworth, G. E., & Grover, L. (1989). Joint visual attention, manual pointing and preverbal
communication in human infancy. In M. Jeannerod (Ed.), Attention and performance XII 
(pp. 605–624). Hillsdale, NJ: Erlbaum.

Butterworth, G. E., & Itakura, S. (1998). Development of precision grips in chimpanzees. Devel-
opmental Science, 1, 39–43.

Butterworth, G. E., & Itakura, S. (1999). How the head, eyes and hands serve definite reference.
British Journal of Developmental Psychology.

Butterworth, G. E., & Jarrett, N. L. M. (1991). What minds have in common is space: Spatial
mechanisms for perspective taking in infancy. British Journal of Developmental Psychology, 9,
55–72.

Butterworth, G. E., & Morissette, P. (1996). Onset of pointing and the acquisition of language in
infancy. Journal of Reproductive and Infant Psychology, 14, 219–231.

Butterworth, G. E., Verweij, E., & Hopkins, B. (1997). The development of prehension in infants.
Halverson revisited. British Journal of Developmental Psychology, 15, 223–236.

236 George Butterworth



Call, J., & Tomasello, M. (1994). The production and comprehension of referential pointing by
orang-utans (Pongo pygmeaus). Journal of Comparative Psychology, 108, 307–317.

Camaioni, L. (1993). The development of intentional communication: A re-analysis. In J. Nadel
& L. Camaioni (Eds.), New perspectives in early communicative development (pp. 82–96). London:
Routledge.

Camaioni, L., Castelli, M. C., Longobardi, E., & Volterra, V. (1991). A parent report instrument
for early language assessment. First Language, 11, 345–360.

Campbell, J. (2000). Two conceptions of joint attention. In N. Eilan, C. Hoerl, T. McCormack,
& J. Roessler (Eds.), Joint attention: Communication and other minds. Oxford: Oxford Univer-
sity Press.

Campos, J. J., Barrett, K. C., Lamb, M. E., Hill, H., Goldsmith, H., & Stenberg, C. (1983). Socio-
emotional development. In P. Mussen (Ed.), Handbook of child psychology (Vol. 2, pp. 783–917).
New York: Wiley.

Caron, A., Krakowski, O., Liu, A., & Brooks, R. (1996, April). Infant joint attention: Cued ori-
enting or implicit theory of mind? Paper presented at the International Conference on Infant
Studies, Providence, RI.

Carpenter, M., Nagel, K., & Tomasello, M. (1998). Social cognition, joint attention and com-
municative competence from 9 to 15 months of age. Monographs of the Society for Research in
Child Development.

Collis, G. (1977). Visual co-orientation and maternal speech. In H. R. Schaffer (Ed.), Studies in
mother–infant interaction (pp. 325–354). New York: Academic Press.

Corkum, V., & Moore, C. (1995). The origins of joint visual attention. In C. Moore & P. Dunham
(Eds.), Joint attention: Its origins and role in development (pp. 61–83). Hillsdale, NJ: Erlbaum.

Couillard, N. L., & Woodward, A. L. (1999). Children’s comprehension of deceptive points. British
Journal of Developmental Psychology.

Darwin, C. (1904). The expression of the emotions in men and animals. London: John Murray.
D’Entremont, B., Hains, S. M. J., & Muir, D. W. (1998). A demonstration of gaze following in

3 to 6 month olds. Infant Behavior and Development, 20, 569–572.
Diamond, A. (1991). Frontal lobe involvement in cognitive changes during the first year of life.

In K. R. Gibson & A. C. Petersen (Eds.), Brain maturation and cognitive development: Com-
parative and cross-cultural perspectives (pp. 127–180). New York: Aldine de Gruyter.

Emery, N. J., Lorincz, E. N., Perret, D. I., Oram, M. W., & Baker, C. I. (1997). Gaze following
and joint attention in rhesus monkeys (Macaca mulatta). Journal of Comparative Psychology, 111,
1–8.

Feldman, M., Goldin-Meadow, S., & Gleitman, L. (1978). Beyond Herodotus: The creation of
language by linguistically deprived deaf children. In A. Lock (Ed.), Action, gesture and symbol:
The emergence of language (pp. 351–414). London: Academic Press.

Fenson, L., Dale, P. S., Reznick, L., Bates, E., Thail, D., & Pethick, S. J. (1994). Variability in early
communicative development. Monographs of the Society for Research in Child Development, 59(5).

Fivaz-Depeursinge, E., & Corboz-Warnery, A. (1999). The primary triangle. New York: Basic
Books.

Fogel, A. (1981). The ontogeny of gestural communication: The first six months. In R. E. Stark
(Ed.), Language behaviour in infancy and early childhood (pp. 17–44). Amsterdam: Elsevier.

Fogel, A., & Hannan, T. E. (1985). Manual actions of nine to fifteen week old human infants
during face to face interaction with their mothers. Child Development, 56, 1271–1279.

Fraiberg, S. (1977). Insights from the blind. New York: Basic Books.
Franco, F., & Butterworth, G. E. (1990, August). Effects of social variables on the production of

infant pointing. Poster presented at the 4th European Conference on Developmental Psychol-
ogy, University of Stirling, Scotland.

Joint Visual Attention in Infancy 237



Franco, F., & Butterworth, G. E. (1996). Pointing and social awareness: Declaring and requesting
in the second year of life. Journal of Child Language, 307–336.

Franco, F., Perruchino, P., & Butterworth, G. (1992, September). Pointing for an age mate in 1 to
2 year olds. Paper presented at the 6th European Conference on Developmental Psychology,
Seville, Spain.

Friesen, C. K., & Kingstone, A. (1998). The eyes have it: Reflexive orienting is triggered by non-
predictive gaze. Psychonomic Bulletin and Review, 53, 490–495.

Goldin-Meadow, S., & Feldman, H. (1977). The development of language-like communication
without a language model. Science, 197, 401–403.

Grover, L. (1988). Comprehension of the pointing gesture in human infants. Unpublished Ph.D.
thesis, University of Southampton, England.

Hannan, T. E. (1987). A cross-sequential assessment of the occurrence of pointing in 3 to 12
month old human infants. Infant Behavior and Development, 10, 11–22.

Hannan, T. E., & Fogel, A. (1987). A case study assessment of pointing during the first three
months of life. Perceptual and Motor Skills, 65, 187–194.

Harris, M., Barlow-Brown, F., & Chasin, J. (1995). Early referential understanding: Pointing and
the comprehension of object names. First Language, 15, 19–34.

Hewes, G. W. (1981). Pointing and language. In T. Myers, J. Laver, & J. Anderson (Eds.), The
cognitive representation of speech (pp. 263–269). Amsterdam: North-Holland.

Hobson, P. (1991). Against the theory of theory of mind. British Journal of Developmental Psy-
chology, 9, 33–51.

Hood, B., Willens, J. D., & Driver. (1998). Adult’s eyes trigger shifts of visual attention in human
infants. Psychological Science, 9, 131–134.

Itakura, S. (1996). An exploratory study of gaze-monitoring in nonhuman primates. Japanese Psy-
chological Research, 38, 174–180.

Itakura, S., & Anderson, J. R. (1996). Learning to use experimenter given cues during an object
choice task by a capuchin monkey. Current Psychology of Cognition, 15, 103–112.

Itakura, S., & Tanaka, M. (1998). Use of experimenter-given cues during object-choice tasks by
chimpanzees (Pan troglodytes), an orangutan (Pongo pygmaeus) and human infants (Homo
sapiens). Journal of Comparative Psychology, 112, 119–126.

Jones-Engel, L. E., & Bard, K. A. (1996). Precision grips in young chimpanzees. American Journal
of Primatology, 39, 1–15.

Krause, M. A. (1998, April). Comparative perspectives on joint attention in children and apes: Devel-
opment, functions and the effects of rearing history. Paper presented at the 11th Biennial Confer-
ence on Infant Studies, Atlanta, GA.

Krause, M. A., & Fouts, R. S. (1997). Chimpanzee (Pan troglodytes) pointing: hand shapes, accu-
racy and the role of eye gaze. Journal of Comparative Psychology, 111, 330–336.

Langton, S. R. H. (1999). The mutual influence of gaze and head orientation in the analysis of
social attention direction. Quarterly Journal of Experimental Psychology.

Leavens, D. A., & Hopkins, W. D. (1998). Intentional communication by chimpanzees: A cross-
sectional study of the use of referential gestures. Developmental Psychology, 34, 813–822.

Leavens, D. A., Hopkins, W. D., & Bard, K. A. (1996). Indexical and referential pointing in chim-
panzees (Pan troglodytes). Journal of Comparative Psychology, 110, 346–353.

Lee, K., Eskritt, M., Symons, L. A., & Muir, D. (1998). Children’s use of triadic eye gaze infor-
mation for “mind reading.” Developmental Psychology, 34, 525–539.

Lempers, J. D. (1976). Production of pointing, comprehension of pointing and understanding of
looking behavior in young children. Unpublished doctoral dissertation, University of Minnesota.

Lempert, H., & Kinsbourne, M. (1985). Possible origin of speech in selective orienting. Psycho-
logical Bulletin, 97, 62–73.

238 George Butterworth



Leung, E. H. L., & Rheingold, H. L. (1981). Development of pointing as a social gesture. Devel-
opmental Psychology, 17, 215–220.

Lock, A., Young, A., Service, V., & Chandler, P. (1990). Some observations on the origins of the
pointing gesture. In V. Volterra & C. J. Erting (Eds.), From gesture to language in hearing and
deaf children (pp. 42–55). Berlin: Springer Verlag.

Lorincz, E. N., Baker, C. I., & Perret, D. I. (1999). Visual cues for attention following in rhesus
monkeys. Cahiers de Psychologie Cognitive.

Marler, P. (1959). Developments in the study of animal communication. In P. R. Bell (Ed.),
Darwin’s biological work. Cambridge: Cambridge University Press.

Masataka, N. (1995). The relation between index-finger extension and the acoustic quality of
cooing in three month old infants. Journal of Child Language, 22, 247–257.

Masur, E. F. (1983). Gestural development, dual directional signalling, and the transition to words.
Journal of Psycholinguistic Research, 12, 93–109.

Menzel, E. W., Jr. (1974). A group of young chimpanzees in a one acre field. In A. Schrier & F.
Stollnitz (Eds.), Behaviour of non-human primates: Modern research trends. San Diego, CA: 
Academic Press.

Messer, D. J. (1994). The development of communication: From social interaction to language. 
Chichester: Wiley.

Millar, W. S., & Schaffer, H. R. (1972). The influence of spatially displaced visual feedback on
infant operant conditioning. Journal of Experimental Child Psychology, 14, 442–452.

Millar, W. S., & Schaffer, H. R. (1973). Visual manipulative response strategies in infant operant
conditioning with spatially displaced feedback. British Journal of Psychology, 64, 545–552.

Moore, C., & Corkum, V. (1994). Social understanding at the end of the first year of life. Devel-
opmental Review, 14, 349–372.

Morissette, P., Ricard, M., & Gouin-Decarie, T. (1995). Joint visual attention and pointing in
infancy: A longitudinal study of comprehension. British Journal of Developmental Psychology, 13,
163–177.

Mundy, P., Kasari, C., & Sigman, M. (1992). Non-verbal communication, affective sharing and
intersubjectivity. Infant Behavior and Development, 15, 377–381.

Murphy, C. M. (1978). Pointing in the context of shared activity. Child Development, 49, 371–
380.

Murphy, C. M., & Messer, D. J. (1977). Mothers, infants and pointing: A study of gesture. In H.
R. Schaffer (Ed.), Studies of mother–infant interaction (pp. 325–354). London: Academic Press.

Napier, J. (1960). Studies of the hands of living primates. Proceedings of the Zoological Society of
London, 134, 647–657.

Ohama, K. (1984). Development of pointing behavior in infants and mother’s responsive behav-
ior: Longitudinal study of infants from 9 to 30 months. In M. Ogino, K. Ohama, K. Saito, S.
Takei, & T. Tatsuno (Eds.), The development of verbal behavior VI. Bulletin of the Faculty of
Education, University of Tokyo.

Piaget, J. (1952). The origins of intelligence in children. New York: Norton.
Piaget, J. (1954). The construction of reality in the child. New York: Basic Books.
Povinelli, D., Bering, J. M., & Giambrone, S. (2000). Chimpanzee pointing: Another error of 

the argument by analogy. In S. Kita (Ed.), Pointing: Where language, culture and cognition meet.
Cambridge: Cambridge University Press.

Povinelli, D. J., & Davis, D. R. (1994). Differences between chimpanzees (Pan troglodytes) and
humans (Homo sapiens) in the resting state of the index finger. Journal of Comparative Psychol-
ogy, 108, 134–139.

Povinelli, D. J., & Eddy, T. J. (1996a). Factors influencing young chimpanzees’ (Pan troglodytes’)
recognition of attention. Journal of Comparative Psychology, 110, 336–345.

Joint Visual Attention in Infancy 239



Povinelli, D. J., & Eddy, T. J. (1996b). What young chimpanzees know about seeing. Monographs
of the Society for Research in Child Development, 61, 247.

Povinelli, D. J., & Eddy, T. J. (1996c). Chimpanzees: Joint visual attention. Psychological Science,
7, 129–135.

Povinelli, D. J., Reaux, J. E., Bierschwale, D. T., Allain, A. D., & Simon, B. B. (1997). Exploita-
tion of pointing as a visual gesture in young children but not adolescent chimpanzees. Cogni-
tive Development, 12, 423–461.

Ristau, C. (1991). Attention, purposes and deception in birds. In A. Whiten (Ed.), Natural theo-
ries of mind (pp. 209–233). Oxford: Blackwell.

Rodier, P. M., Ingram, J. L., Tisdale, B., Nelson, S., & Romano, J. (1996). Embryological origin
for autism: Developmental anomalies of the cranial nerve motor nuclei. Journal of Comparative
Neurology, 370, 247–261.

Rolfe, L. (1996). Theoretical stages in the prehistory of grammar. In A. Lock & C. R. Peters (Eds.),
Handbook of human symbolic evolution (pp. 776–792). Oxford: Oxford University Press.

Scaife, M., & Bruner, J. S. (1975). The capacity for joint attention in the infant. Nature, 253,
265–266.

Schaffer, H. R. (1984). The child’s entry into a social world. New York: Academic Press.
Shinn, M. (1900). The biography of a baby. Boston: Houghton Mifflin.
Stern, D. (1999). Vitality contours: The temporal contour of feelings as a basic unit for con-

structing the infant’s social experience. In P. Rochat (Ed.), Early social cognition: Understanding
others in the first months of life (pp. 67–80). Hillsdale, NJ: Lawrence Erlbaum Associates.

Stromland, K., Nordin, V., Miller, M., Akerstrom, B., & Gillberg, C. (1994). Autism in thalido-
mide embryopathy: A population study. Developmental Medicine and Child Neurology, 36,
351–356.

Tomasello, M., & Call, J. (1997). Primate cognition. Oxford: Oxford University Press.
Tomasello, M., Call, J., & Hare, B. (1998). Five primate species follow the visual gaze of con-

specifics. Animal Behaviour, 55.
Tonooka, R., & Matsuzawa, T. (1995). Hand preferences of captive chimpanzees (Pan troglodytes)

in simple reaching for food. International Journal of Primatology, 16, 17–23.
Tran-Duc Thao (1984). Investigations into the origins of language and consciousness (Trans. D. J.

Herman & R. L. Armstrong). Dordrecht: Reidel.
Trevarthen, C. (1979). Communication and cooperation in early infancy: A description of primary

intersubjectivity. In M. Bullowa (Ed.), Before speech: The beginning of human communication (pp.
321–347). Cambridge: Cambridge University Press.

Trevarthen, C. (1993). The functions of emotions in early infant communication and develop-
ment. In J. Nadel & L. Camioni (Eds.), New perspectives in early communicative development
(pp. 48–81). London: Routledge.

Vygotsky, L. S. (1962). Thought and language. New York: Wiley.
Vygotsky, L. S. (1988). Development of the higher mental functions. In K. Richardson & S.

Sheldon (Eds.), Cognitive development to adolescence (pp. 61–80). Hove: Lawrence Erlbaum.
Werner, H., & Kaplan, B. (1963). Symbol formation: An organismic-developmental approach to lan-

guage and the expression of thought. New York: Wiley.

240 George Butterworth



Chapter Nine

Mind Knowledge in the First Year:
Understanding Attention and Intention

Vasudevi Reddy

Introduction

In 1979, in an early book on infant social cognition, Michael Lewis and Jeanne Brooks-
Gunn criticized psychology for focusing too much on the infant’s knowledge of the phys-
ical properties of the world and too little on knowledge of people. Twenty years later in
a book devoted to early social cognition, the editor observed that developmental research
on social cognition has focused mainly on changes occurring after the end of the first
year (Rochat, 1999, p. viii); we are still hesitant to use the terms social cognition or mind
knowledge to refer to infants in their first year, although we know a lot more today about
social interactions in the early months.

The primary reason for this lack of knowledge and for this reluctance stems from the
way we conceive of mind. Western psychology generally assumes a mind–behavior dualism
in which minds are seen as internal, invisible, nonmaterial entities which guide and influ-
ence outward behavior and can only be inferred, never directly known. Inevitably, since
inferring the existence of a mind “behind” mere behavior must be a difficult mental
achievement, such a skill has generally been reserved for humans and only after the end
of infancy (Perner, 1991; Piaget, 1926; Wellman, 1990). However, there are several
reasons to object to such an approach to mind. It is premised upon a mind–body dualism
which psychology has long been uncomfortable with; it adopts a dual process theory of
intelligent action (first a mental plan, then the physical behavior) which is not defen-
sible, even in adult humans (Costall & Still, 1987; Coulter, 1979; Ryle, 1949); it reduces
people to minds and bodies where they are better understood as persons (Hobson, 1991);
and, taken to its logical conclusion, implies a developmental starting position of “mind-
blindness” such as is attributed to children with autism (Baron-Cohen, 1997). Assuming
mind–behavior dualism leads to the prediction of a sharp developmental discontinuity in
the understanding of other minds (infants perceive mere behavior while children infer
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minds) and of a discontinuity in action (once children can infer minds, but not before,
they can act on that knowledge to manipulate, inform, or deceive minds). However, devel-
opmental evidence does not support such discontinuities and often argues for the con-
trary (see, for instance, debates about the development of deception; Newton, Reddy, &
Bull, 2000; Sodian, 1994).

Alternative approaches argue for the analysis of mind in rather than behind action,
with mind seen as an adverb – the way in which actions are conducted – rather than as
a separate entity – their hidden cause (Asch, 1952; Coulter, 1979; Jopling, 1993; Ryle,
1949). If mind is visible in action it can be perceived rather than necessarily inferred, and
the extent to which it is perceived can be read, similarly, in actions with others’ mindful
behavior. This assumption of the observability and knowability of mind allows us to take
seriously infants’ psychological engagement with others and to understand the attune-
ment and sharing between minds (whether emotional, intentional, or perceptual) as being
primary and not derivative. The more widespread assumption (that infants can only per-
ceive and interact with others’ behavior, and not their minds) imposes a ban on the con-
sideration of early interactions as aspects of mind knowledge. Actions which, in children
and adults, would be taken as evidence of mind knowledge are neglected in infancy
because of this theoretical assumption and a (methodological) double standard. This
chapter thus focuses on infant actions with minds as both evidence of, and the basis for,
mind knowledge.

A focus on infant action with other mindful persons allows us to describe the limits,
constraints, and developments in psychological engagement. Infants do not develop social
understanding through social voyeurism (Rochat & Striano, 1999, p. 4), and the process
of engagement (between infant and adult or between adults) is a continuously creative
process in which each partner monitors and jointly regulates the other’s acts (Fogel, 1993).
Understanding mind, then, is not simply a process of perceiving it in others; it must 
be simultaneously a question of creating it. The necessary presence of a reciprocating
other for the realization, instantiation, and development of psychological processes has
been demonstrated in the realm of intentions (Habermas, 1970), language and meaning
(Halliday, 1975), and affective and communicative processes (Field et al., 1988). Infants
learn about minds and psychological processes through the engagements they co-create.

This chapter attempts to describe what infants do with two fundamental aspects of
mentality in others: their attention and their intentions. It could be argued that there 
is a third aspect to be discussed – affect – which is, if anything, more fundamental than
either attention or intention; however, affect is not included here as a separate topic.
Although all aspects of people are inseparably involved in action and separating them is
an artificial device of the scientist to simplify matters, affect is the most inextricable of
all such aspects. It is present, as Stern (1985, 1999) argues, in every act and glance and
thought. It makes as little sense to disengage affect from attention and intention as it does
to separate the mind from the body, except in pathological conditions where it may be
precisely this separation of the act from the attitude that is the source of psychological
problems (Hobson, 1999).

Within each section the research evidence is organized in subsections, starting from
the infant’s direct engagement with others, proceeding to engagement with others through
acts by the self, and then to engagement with others through others’ acts on external targets,

242 Vasudevi Reddy



dealing first with infant responses to such engagement, then with infant attempts to direct
it. This developmental scheme extrapolates from current theories about the intersubjec-
tive origins of mind knowledge (Adamson & Russell, 1999; Hobson, 1991; Rochat &
Striano, 1999; Trevarthen, 1977) as well as from older non-developmental views about
the primacy of the I–Thou relation over the I–It (Buber, 1937). The presumption is that
understanding begins in simple dyadic mutuality, i.e., in the infant’s direct relation with
each aspect, and then develops into triadic and referential engagement that includes
aspects of the world and other people.

Understanding Attention

You cannot engage with psychological states or processes unless you perceive first of all
(sometimes wrongly) that the entity you are dealing with can attend to you. The most
pervasive feature of attention is the orientation of the body, often involving a breaking
of posture, a stilling of body movements, cardiac deceleration, and a turning of the eyes,
head, and body toward a target. To detect such attention clearly has survival value for the
organism. It is useful to know when someone is looking at oneself as well as when
someone is looking at another interesting, desirable, or threatening target (Baron-Cohen,
1995). This section will review evidence about visual attention because this is the only
aspect of attention that has been well researched; however, this emphasis on vision must
be kept in mind as it can mislead us into particular theoretical distortions (e.g., thinking
about targets of attention in spatial rather than temporal terms, or overemphasizing infant
gaze to the other’s face and eyes and neglecting infant awareness of the other’s body, ori-
entation and actions), and may underestimate the infant’s abilities, for example, in the
understanding of touching.

The transition to what is normally called joint attention, at the end of the first year,
is usually seen as the most, or even the first, significant development in the understand-
ing of attention, involving a triangulation or coordination of attention between infant,
other, and object, and as critical to the development of referential communication, lan-
guage, and symbolization (Bakeman & Adamson, 1984; Camaioni, 1993; Mundy &
Sigman, 1989; Werner & Kaplan, 1963). The very problem of reference and how it devel-
ops can be restated according to Bruner, as the problem of how people manage and direct
each others’ attention (Bruner, 1983). However, there are still debates and uncertainties
about the age at which an understanding of attention develops, about continuities in its
development, and about the “causes” of its emergence (Camaioni, 1993). Perner (1991)
suggests that it cannot be present until 18 months, when the infant becomes capable of
multiply representing not just a seen reality (the other’s behavior) but also an imagined
one (i.e., the attentional state of the other); and that earlier attentional engagement
involves no understanding of attention as mental – merely of the other’s behavior. Others
suggest that attention is understood as a mental process from around 9 to 12 months of
age, emerging from an implicit conceptual discovery of some kind (Bretherton, 1991;
Bretherton, McNew, & Beeghly-Smith, 1981; Tomasello, 1999). Yet others suggest that
attention is perceived as a psychological event even earlier, from at least 2 months of age,
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through an innate capacity for primary intersubjectivity (Trevarthen, 1977), and that
what develops by the end of the first year is an expansion of the targets it relates to (Reddy,
Hay, Murray, & Trevarthen, 1997). An alternative early mind knowledge theory suggests
that an innate and early mechanism called the eye direction detector (EDD) allows the
simple perception of attentional and intentional links between eyes and targets (Baron-
Cohen, 1995, 1997), and much later allows triadic engagement through the importing
of a new clause into the dyadic relation (Baron-Cohen, 1995, 1997). Related to this, a
second theoretical issue in this area concerns the existence and nature of infant under-
standing of attention in the first half of the first year. While the dominant view is cur-
rently that triadic attentional relations cannot be perceived early in life but emerge from
the dyadic, there are some suggestions that a perception of triadic relations, i.e., between
others’ eyes, external targets, and the self, are already evident before 6 months of age and
develop simultaneously with dyadic understanding (Fivaz-Depeursinge & Corboz-
Warnery, 1999; Muir & Hains, 1999).

Responding to Attention Directed to the Self

Human neonates are known to be very interested in faces (Goren, Sarty, & Wu, 1975;
Johnson & Morton, 1991); however, when does the infant realize that the faces are, 
at least in a global sense, directing attention to him or her? The eyes themselves are 
not the main focus of neonatal attention to faces until after the first 2 months. How-
ever, are young infants even sensitive to the directionality and orientation of the head?
And what does it mean to infants to have a head turned toward rather than away 
from them?

Evidence of orientation discrimination at 6 weeks has led to the suggestion that some
form of orientationally tuned detectors are present even at birth (Atkinson, Hood,
Wattam-Bell, & Anker, 1988). Several studies have shown that 3-month-olds can detect
head orientation, responding with less gaze and smiling to adults with averted heads
(Caron, Caron, Mustelin, & Roberts, 1992). Reading eye direction per se may be diffi-
cult for young infants, but differential responses have been shown in 3-month-olds to
shut eyes (Caron et al., 1992), in 4-month-olds to averted versus frontal gaze in line draw-
ings of faces (Vecera & Johnson, 1995), and in 5-month-olds to averted gaze (Laskey &
Klein, 1979). More naturalistically, Wolff (1987) showed that making and breaking eye
contact affected infants even from 8 weeks of age. Three-month-olds smile less when
adults look away from them, with a 20-degree deflection of the eyes (Muir & Hains,
1999, p. 175), or even a 5-degree horizontal deflection (i.e., to the ears rather than the
eyes), but not to a 5-degree vertical deflection (i.e., to the forehead or chin; Symons,
Hains, & Muir, 2000).

Adult attention does not merely act as a cue to the infant to interact but allows subtle
engagement and the organized play of many “prespeech” behaviors in addition to gaze
and smiling (Trevarthen, 1977), and leads to complex affective responses. Reddy (2000)
described shy or coy smiles (consisting of smiling with gaze and head aversion and curving
arm movements in front of the face) in 2- and 3-month-olds in response to attentional
contact with adults, and especially following the renewed onset of mutual attention. There
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is anecdotal evidence of even 2-month-olds using unemotional head and gaze aversion to
avoid mutual gaze with adults when the adult repeatedly tries to gain eye contact, and of
negative responses to mutual gaze when the infant cannot disengage, perhaps for reasons
of neurological immaturity (Brazelton, 1986). For infants as for adults, the attention of
others is arousing and inducing of multiple emotional reactions (i.e., positive, negative,
neutral, and ambivalent).

Studies comparing infant responses to people and to things suggest that 5- to 8-week-
olds selectively imitate people but not objects (Legerstee, 1991), 2- to 3-month-olds show
different configurations of hand movement and affect to persons than to animated dolls
(D’Entremont, Hains, & Muir, 1997; Legerstee, Corter & Kienapple, 1990), and 4-
month-olds also differentiate between familiar and novel persons (but not objects) in their
interactive behavior (Legerstee, 1994). However, by 12 months, even animated robots
with faces can induce gaze following and smiling (Johnson, Slaughter, Collins, Tyan, &
Carey, 1996). Clearly, these studies manipulate more than orientation of head, body, and
eyes but suggest an early detection of a global animateness in engagement.

Evidence of infant responses to attention comes also from studies which create inap-
propriate attention, showing that by 2 months of age infants are sensitive not just to the
presence of attention but also to the quality of attentive behavior. When adults change
from interactive attention to still-faced attention even 6-week-olds become distressed
(Cohn & Tronick, 1989; Murray, 1980), showing either a sensitivity to the abnormal
quality of attention in the still-face condition or to the change from a dynamic to a static
display. In a ground-breaking study Murray and Trevarthen (1985) showed that even
watching video-replays of their mothers in which the mothers were expressing positive
and interactive behaviors led to 2-month-old infants becoming perturbed, alternating
between attempts to reengage interactive attention and gaze aversion and frowning. This
finding was replicated with 9-week-olds by Nadel and Tremblay-Leveau (1999), who also
showed that during a second live condition to control for fatigue effects, infants showed
a clear recovery with a significant increase in gaze to the mother, as if in scrutiny. This is
strong evidence for concluding that 2-month-olds not only detect attention and inat-
tention, but detect and respond appropriately to the appropriateness of the attention they
receive. Similarly, it is not just the presence of attention or the withdrawal of positive
attention that is responsible for infant distress. When adults withdrew positive attention
from the infants to talk to the experimenter who had just entered the room, infants
showed no distress or attempts to reengage the mother, but maintained a relaxed expres-
sion, watching both adults (Murray & Trevarthen, 1985).

Nonetheless, however complex and appropriate the infant’s reactions to others’ atten-
tion and inattention or inappropriate attention when directed to the self, this evidence is
still limited in connection with understanding that others are actually thinking about the
thing they are looking at. In other words, emotional reactions to attention are clearly only
one part of the understanding of attentiveness. For this, the traditional test has been to
ask whether the infant or other organism can understand the relevance of others’ atten-
tion when directed to an external target. This is important for establishing one of the
most central developments in communication and social understanding – that of having
a shared focus of attention and of understanding that attention in others (and in the self )
can have a focus at all, that it can be “about” something.
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Responding to Attention Directed to an External Target

Scaife and Bruner (1975) first suggested that infants of 2 months could follow others’
gaze to an external target and that this was dramatic evidence of infant ability to under-
stand the mental significance of others’ gaze. However, such early gaze monitoring appears
to be hard to demonstrate and subsequent studies have established its presence more
clearly by 6 months of age (for a review see Butterworth, 1995, and Moore, 1999). But-
terworth suggests that three successive mechanisms are involved in the development of
joint visual reference: an early “ecological” mechanism allows the identification of the
general direction of an adult’s head and eyeturn by 6 months of age, but is limited by the
attention-capturing features of the target itself (Grover, 1988, cited in Butterworth, 1995)
and does not occur until about 10 months if there is no target at all (Corkum & Moore,
1994). It is not until 12 months of age that infants can use adult gaze for precise loca-
tion of a target in the right direction, demonstrating an ability to extrapolate precise angles
of orientation of the head and eyes and showing what Butterworth calls a “geometric”
mechanism. Interestingly, joint visual reference appears to be limited by the boundaries
of the infant’s visual space – it is not until 18 months of age that infants turn their heads
to search in space that is behind them, and then only if the current visual field is empty
of targets. Infants appear to perceive their own visual space to be held in common with
others and it is only after 18 months that the primacy of their visual field may be over-
come by a mechanism allowing access to “representational” space (Butterworth & 
Jarrett, 1991). Evidence of accurate gaze-following abilities in the first year has also 
been found by Morissette, Ricard, and Gouin-Decarie (1995), showing correct headturns
above chance in some 6- and 9-month-olds, and by Morales, Mundy, and Rojas (1997),
who also showed that this ability in 6-month-olds related to later-developing receptive
and expressive language abilities. Infants can also be conditioned to follow adult head
turning, both when the head is turned toward, and when it is turned away from, a target
(Corkum & Moore, 1998). Moore (1999) suggests that early gaze following is an exoge-
nously controlled reflexive shift in visual orienting to the same direction as the adult’s
headturn, implying no awareness of the others’ object of regard, or indeed even of 
the other’s regard. From this view, for establishing the infant’s understanding of the 
psychological significance of orienting to another target, evidence is needed of either
further response complexity in young infants or of discriminatory responses to gaze in
the absence of a target.

Willen, Hood, and Driver (1997), in a study which manipulated eye direction inde-
pendent of head turning, showed that infants as young as 10 weeks could process changes
in gaze alone. When the pupils of the eyes in an animated face shifted to the periphery
of the field and were followed by a target at that side, infants turned to look at the target
significantly more often than if the peripheral target were not preceded by shifting gaze.
While it is not yet clear whether the shifting of any stimulus might have the same effect
on infant gaze, it is evident that even before 3 months infants can be sensitive to shifts
in gaze direction. D’Entremont et al. (1997) investigated infant eye-turning behavior
when an adult with whom they were interacting turned to look at one of two puppets
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on either side of her. They found that even at 3 months, infants spontaneously turned
their eyes to look at the correct puppet (significantly more often than at the incorrect
puppet), with no age differences in accuracy between 3-, 5-, and 6-month-olds. Inter-
estingly, this adult distraction (turning four times in 4 minutes to talk to one of the
puppets for 10 seconds) had an overall distracting effect on the infants, with infant gaze
frequently alternating between the adult and the puppet. Infant headturns to the correct
object had a surprisingly long latency of 2 seconds, suggesting that the turn is not simply
an automated tracking but possibly the result of some consideration about the fact of the
adult’s turn, as well as a recognition of its direction.

Bakeman and Adamson (1984) identified a category of infant–person–object 
engagement which they called passive joint attention, involving attention to the object
of the other’s current attention (indicated not by gaze alone but by action, vocalization,
and whole-body engagement), without any alternation of gaze between the object and
the other’s face, or any specific following of the other’s gaze to the target. This type of
engagement is likely to be a very common feature of infant–parent interaction during the
middle months of the first year, with parents often highlighting objects to regain 
infant attention, or engaging in games and songs involving the infant’s body (Stern, 
1985; Trevarthen, 1977). Bakeman and Adamson (1984) found that such passive 
joint attention accounted for about a fifth of interaction time between 6 and 18 
months of age and, like later-developing coordinated joint attention, was often preceded
and followed by engagement with objects. Passive joint attention was likely to be 
closely tied to parental actions, with adults providing an implicit context for referential
communication.

Directing Attention to the Self

Infants of 2 and 3 months are clearly capable of responding with appropriate affect 
and reciprocity when they are already the targets of others’ attention. However, can 
infants seek such attention? Studies using still-face or video-replay disruptions in the
adult’s communicative behavior show that when deprived of adult responsiveness, even
6-week-old infants attempt a series of other-directed acts including vocalizations and 
arm movements with gaze to the other’s face. These have been interpreted as attempts to
regain adult attention to the self (Cohn & Tronick, 1989; Murray, 1980) and are at the
very least attempts to reengage interaction. Further, in the presence of an inadequately
responsive adult, infants can increase the intensity of their normal vocal and facial expres-
sions (Reddy et al., 1997; Trevarthen, 1990). There is some evidence that after about 3
or 4 months of age infants take on a more active initiating role in interaction. This could
imply a growing confidence in adult responsiveness in the context of dyadic interactions,
as well as a developing ability to engage in varied vocalizations and facial expressions.
Although there is some anecdotal suggestion that infants at this age develop different
kinds of shrill, “calling” vocalizations when adults are absent or naturally inattentive
(Reddy et al., 1997), there is as yet no definite evidence of such abilities until the second
half of the first year.
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Directing Attention to Acts by the Self

Within naturalistic interactions infants from around 7 months of age engage in 
attention-seeking behaviors that go beyond simply trying to regain the other’s attention
to the self. Infants now seek to gain it for acts by the self. They start to do things for 
effect, which at the simplest level involves a breaking of the flow of the interaction in
some way, and at more complex levels involves a repetition of acts that have previously
received adult attention (Bates, 1976). Such acts show an awareness not just of 
simple attentiveness, but that attention in others can relate to specific aspects of, or events
involving, the self.

Infants from this age produce two different kinds of attention-directing acts – “showing
off” and “clowning” (Bates, 1976; Reddy, 1991; Trevarthen & Hubley, 1978), showing
a developing awareness of being an actor (Reddy et al., 1997). Both involve the repeti-
tion of acts for re-eliciting responses from the other; showing off can involve “clever” acts
for praise or “silly” acts for attention, and clowning involves exaggerated or rule-
violating acts for laughter. The commonest forms of clowning at 8 months involve repet-
itive movements of particular parts of the body, such as shaking the head vigorously,
making odd facial expressions, odd movements of the body, putting odd things such as
pyjamas on the head, and blowing raspberries. Clowning and showing off through the
performance of silly acts are reported by parents to be common at 8 months. While the
prevalence of silly acts for attention is not reported to change with age (some children
do it and some don’t), the prevalence of clowning and showing off through the repeti-
tion of clever acts (such as clapping or waving or saying a word) does increase with 
age. It is not until after 11 months that 50 percent of children engage in clever showing
off (Reddy &Williams, in preparation).

Directing Attention to External Targets

There are a variety of ways in which infants take a more active role in triadic engage-
ments involving not just their own acts but also external targets. They begin to develop
their own “primitive marking system for singling out the noteworthy” (Bruner, 1983, 
p. 77), which includes vocalizations, gestures, and even making contact with an object 
a potential partner is manipulating (Adamson & Bakeman, 1991). And even 9-month-
old infants can use communicative signals that make reference to the toy and to the 
adult when the adult suddenly misses a turn in a game (Ross & Lollis, 1987). Bates 
(1976) found that the first signs of the “protodeclarative” (early, nonverbal forms of 
telling someone something) involve the directing of attention to an external target and
were seen in giving/showing an object – at around 10 months of age. Research in this
area has focused primarily on protodeclarative pointing, which emerges on average
between 12 and 14 months of age (Franco & Butterworth, 1988; Perucchini & Camaioni,
1993).

There is an old debate about the ontogeny of pointing, with the Vygotskyan view sug-
gesting that pointing emerges from the parents’ attribution of intentional reference to acts
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of simple reaching (Vygotsky, 1926/1962). However, recent evidence suggests that 
pointing is rarely confused with reaching (Franco & Butterworth, 1991, cited in 
Butterworth, 1995) and that pointing is not dependent on the adult’s social scaffolding,
emerging simultaneously with adults and with peers (Franco, Perucchini, & Butterworth,
1992). Some suggest that protodeclarative pointing may be merely a conditioned 
response or experimental test of others’ reactions (Perner, 1991), but this is not con-
sistent with evidence about the social significance of pointing (Franco & Butterworth,
1988) and of the communicative purposes of early pointing. In one study the 
purposes of protodeclaratives in a 14-month-old infant varied from reference to affec-
tively charged targets (such as horses and tractors), reference to novel events or objects,
reference to just perceived persons, events, or objects, routine reference to specific objects
around the house such as photographs, and sober-faced reference to any nearby object in
almost ritualistic greetings to strangers. The majority of protodeclaratives occurred imme-
diately following the infant’s perceptual onset of the target, suggesting that it was inter-
est in the target rather than just in the other’s response that led to early protodeclaratives
(Reddy, 1992).

The infant’s alternation of gaze between the adult’s face and the target of attention (to
which either the infant is directing adult attention or to which the adult is looking or
pointing) has generally been taken as evidence for joint attention and for establishing the
infant’s grasp of attention in the other (for an exception, see Perner, 1991), and as a nec-
essary criterion for protodeclarative pointing (Perucchini & Camaioni, 1993). However,
adults do not always look at the recipient’s face during communication, sometimes assum-
ing attention from other cues. Similarly, gaze to the adult’s face is not common during
infant pointing in picture-book reading (Cox, 1986), nor during infant pointing when
the adult is carrying, or in physical contact with, the infant (Reddy, 1992), and tends to
increase with distance between the infant and the recipient (Reddy & Simone, 1995, in
preparation). Franco and Butterworth (1988) showed that while gaze alternating during
pointing occurs on average from 14 months, gaze to the other’s face before pointing does
not begin until 15 months. Descrochers, Morissette, and Ricard (1995) showed that only
pointing with gaze to face (typically occurring after 15 months) related to later language
development, suggesting that at least in the early phases pointing without gaze to face
may not be a communicative act. It is likely that since proximity often accompanies joint
body orientation and prior joint attention to targets in the same region of space, young
infants may be engaging in acts of attention directing with a less differentiated assump-
tion of attentiveness on the other’s part (judged from proximity and body orientation),
an assumption which becomes elaborated during the second year to exclude certain exter-
nally directed inattentive behaviors.

Thus far we have seen that responding to the visual attention of others is a complex
and coordinated process even in the first few months of life. Evidence of appropriate emo-
tional responses to attention, inattention, and inappropriate attention to the self is present
from around 2 months of age. There is controversial evidence suggesting that from as
early as 3 months of age we may see the beginnings of appropriate responses to attention
directed to external targets, a skill normally evident from the middle of the first year. The
ability to direct the attention of others appears to begin from around 3 months of age.
The targets to which others’ attention can be directed by the infant change with age. The
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initial target of the global self (at around 3 months) differentiates into different aspects
of the self ’s acts (from around 7 or 8 months) to targets distant from the self (from 11
months). To some extent the significance of an act of attention, especially its referential
significance, involves an understanding of the intentionality of the attentional act. This
aspect of attending has received much recent attention from psychological research on
infants’ understanding of intentions, which we will now consider.

Understanding Intentions

We know less about infant understanding of intentionality in others than we do about
their understanding of attentionality. However, the apparent developmental schedule of
this understanding and issues about its development share common features. There are a
number of advantages to being able to read intentions in others: it is useful for antici-
pating and responding to particular actions, for distinguishing between intentional and
accidental communicative actions in order to ignore the latter, for differentiating between
playful and serious intentions and responding to each appropriately, for understanding
others’ intentions for one’s own actions and complying with (or defying) them, for con-
trolling others’ intentions for their own actions, for identifying the intentional directed-
ness of actions and utterances in order to detect communicative referents, and for
understanding intentional relations between significant others.

In the understanding of intentions as in the understanding of attention, it is the devel-
opments around the end of the first year, of an interest in others’ intentional and moti-
vational states for their own sake (Bretherton et al., 1981; Trevarthen & Hubley, 1978),
or what Stern calls “inter-intentionality” (Stern, 1985), that have been identified as impor-
tant milestones. Here, too, events before this period are less clearly understood but are
vital for theorizing. Two key debates are worth mentioning in this area. One concerns
the question of whether intentions need inferential understanding or whether they can
be directly perceived. This is not simply a question of distinguishing between those inten-
tions which may be said to be visible in action and those which are not (Searle, 1983):
some would argue that even when intentions may be detectable in action, to read the
cues for intention and to understand the behavior as intentional needs an inferential or
interpretative process on the part of the infant (Baldwin & Baird, 1999; Gergely, Nadasdy,
Csibra, & Biro, 1995), while others have argued that intentions can be perceived in action
without inference (Asch, 1952). More extreme positions have posited that intention is a
mental state equivalent to belief and cannot genuinely be understood without a theory
of mind at around 3 or 4 years of age (Astington, 1991). The second and related debate
concerns the question of whether an understanding of intention begins with an under-
standing of intentionality in general that allows the infant to understand different kinds
of specific intentions, or whether the developmental process starts from an understand-
ing of particular specific intentions and then proceeds to a more general understanding
of intentionality. Some theorists argue for a “hard-wired” ability that allows the inter-
pretation of all self-propelled movement as intentional (especially if vigorous and persis-
tent beyond a baseline; Premack, 1990; Premack & Premack, 1995), or an innate module
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called the ID (intentionality detector), present possibly from birth, which performs a
similar reading of self-propelled movement (Baron-Cohen, 1997). These, along with some
“theory of mind” theories, imply an abstract origin to the understanding of intention.
Others (e.g., Woodward, in press), show that this is not supported by experimental evi-
dence: infants do not read all self-propelled movement as intentional, only particular
actions. This could either imply that intentions are understood only in context – i.e.,
only if they are familiar – or that they are understood in an even more generalized way
than suggested by Premack and Baron-Cohen, through the ability to read muscle tension
and other subtle intention cues rather than just self-propelled movement.

Responding to Intentions Directed to the Self

There is little direct evidence about very early understanding of the intentionality of
actions. Some indirect evidence comes from infant responses to adult attempts to pick
them up. Infants from about 4 months of age are reported to accommodate their bodies
to the reaching movement of others’ arms and hands, a reaction which children with
autism are reported not to show (Lord, 1994).

Possibly relevant is infant response to a third perturbation condition in the Murray
and Trevarthen (1985) study reported earlier: when the mother interrupted interaction
with the infant to talk to another adult the infants were quiet and appeared to wait for
the mother’s attention to return. This could simply imply that in this condition the
mother’s attention was completely withdrawn, or it could be that the mother’s suspen-
sion of interaction was detected as not intentionally directed to the infant, but further
research needs to test these possibilities.

Infants respond to the playful intentions of others from at least around 4 months of
age, as evidenced by their laughter and participation in games, especially those involving
potentially threatening acts by others such as tickling, chasing, and looming. There is
little evidence as yet of early discrimination between playful and serious intentions in dif-
ferent contexts. One study explored infant reactions to mothers’ playful “threats” with a
mask in a free-play context and showed that 9-month-old infants reacted with laughter
to this action, while 18-month-olds reacted with anxiety (Nakano, 1994). Different inter-
pretations are possible of this intriguing developmental shift; Nakano suggests that playful
intentions are perceivable as such and do not need a knowledge of meta-intentions in
order for the infant to distinguish them from serious acts, as suggested by Bateson (1973).

Responding to Intentions for Actions by the Self

Trevarthen and Hubley (1978) report a dramatic shift after 9 months of age in infant
coordination of object and person attention, involving an understanding of the other
person’s motivational and intentional states. The clearest context for understanding of
others’ intentions appears to be an understanding of the other’s instructions for the infant’s
own actions. This can be seen in episodes where the mother provides incomplete demon-
strations of actions which she wants the infant to complete – such as showing the place
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where the doll is to be placed. Rather than copy the exact demonstration (which, being
incomplete, would have been inappropriate), infants displayed an understanding of the
intent by obeying the instruction. Using such evidence Bretherton argues that infants of
9 months of age show the first signs of an implicit theory of mind (Bretherton, 1991;
Bretherton et al., 1981).

Tomasello, Kruger and Ratner (1993) make a similar point from studies of imitation
and modeling, arguing that from around the end of the first year infants are capable of
reading others’ intentions in their acts. Rather than engage in exact “mimicking” of irrel-
evant aspects of modeled acts, infants from this age engage in genuine imitation in which
the goal of the action is sought even if through a slightly different set of acts.

It is also in the last quarter of the first year that parents begin to give commands to their
infants and that infants begin to comply with instructions (Stayton, Hogan, & Ainsworth,
1971). It is likely that the onset of parental commands at this age is partly the result of their
sensing that their infants are capable of responding to such directive intentions. From
around 7 or 8 months of age infants become capable of responding with some compliance
to positive directives such as “Put the dolly there,” “Wave bye-bye,” “Clap hands,” “Come
to Mummy,” and “Give me the biscuit.” All of these directives are usually delivered through
partial demonstrations, open-palm invitations, and so on. Infants also start responding
(not necessarily with compliance) to prohibitions concerning their actions and incomplete
intentions in ways that suggest that they are detecting both the presence of others’ inten-
tions for infant action as well as the level of seriousness of the intentions.

In a longitudinal analysis of parental reports about infant compliance we found (Reddy,
1998) that some sensitivity to prohibitions (other than simply being startled by them)
was present in 50 percent of 8-month-olds; occasional compliance to verbal prohibitions
was present in less than a third of the children at this age, but in over two-thirds of the
children by 11 months and in all children by 14 months. There were some instances of
apparent regression between 8 and 11 months, where infants who had previously shown
sensitivity and even compliance to verbal commands started to ignore them either with
laughter or with sober-faced unresponsiveness. Provocative noncompliance (i.e., non-
compliance for its effect on the other rather than just from desire for the prohibited goal)
was rare at 8 months, but present in 50 percent of the infants by 11 months. Infants dis-
tinguished between serious and nonserious issues, probably through tone of voice and
other signs of playfulness in the parents, and early provocative noncompliance was limited
primarily to nonserious issues.

Other forms of teasing were more prevalent at 8 and 11 months, involving playful
offer and withdrawal of objects and playful disruption of others’ acts. Such disruption
usually involved acts that were directed to the infant rather than acts that were dyadic
between the other and an external target. For instance, one infant at 11 months showed
several instances of false requests, repeatedly asking for a drink and then refusing it until
his mother realized that he was teasing her. Similarly, another infant at 11 months devel-
oped a game where he refused his mother’s kiss until she was nearly out of the door. There
were a few instances of teasing that involved a disruption of the other’s acts toward another
target, such as tipping the toy box out as soon as his sibling had tidied it up, or throw-
ing the cushions down on the floor while the mother was tidying up preparatory to 
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vacuuming the floor (Reddy, 1991). These reflect some understanding of the other’s goal-
directed actions toward external targets.

Responding to Intentions Directed Toward External Targets

When do infants detect the intentionality of others’ actions directed toward external
targets? Tomasello and Barton (1994) showed that when 24-month-olds heard an adult
model a novel verb, they learned the verb only when it preceded an intentional action,
not an accidental action. Using a discrepant labeling paradigm (i.e., with an adult speaker
labeling and looking at an object while the addressee, the infant, is looking at a different
object), Baldwin showed that infants of 18 months (Baldwin, 1991, 1993) and even
infants as young as 12 months (Baldwin, Bill, & Ontai, 1996) are capable of actively
seeking out clues such as gaze direction to the speaker’s intended referent, and of using
such cues to inform their language learning. Baldwin suggests that infants by around 12
months of age already engage in genuine intentional inference, analyzing even novel and
complex actions in terms of underlying intentions (Baldwin & Baird, 1999). She sug-
gests that action analysis is a necessary first step in development but it is soon superseded
by intentional inference. Meltzoff (1995) showed that 18-month-olds who were shown
models of an adult unsuccessfully trying to perform actions reenacted what the adult
intended to do, not what the adult had actually done. This did not hold for infants watch-
ing a non-humanoid mechanical device’s intended but unsuccessful action. Meltzoff sug-
gests that before 18 months infants have already adopted a folk psychology in which
persons but not things are understood within a framework involving goals and intentions.
Similarly, Carpenter, Akhtar, and Tomasello (1998) showed that 14- to 18-month-olds
imitated more intentional actions upon objects (followed by a verbal “There!”) than acci-
dental actions (followed by a “Whoops!”) when adults modeled both types of acts in the
infants’ presence and explicitly asked the infant to have a go. The success of even 14-
month-olds suggests that the ability to “screen out” others’ unintentional, meaningless
actions, which is so important in the acquisition of culture and language, is present by
the end of the first year.

Premack predicted that infants can interpret some kinds of goal-directed actions in
others, including the behavior of two objects toward each other. The adult ability to per-
ceive chasing, escaping, hiding, and so on in the lawful movements and interactions of
blobs on a screen (Heider & Simmel, 1944) has recently been investigated in infants by
Gergely and colleagues (Csibra & Gergely, 1996, cited in Baldwin & Baird, 1999; Gergely
et al., 1995), who have shown that 10- to 15-month-old infants interpret actions of balls
on a screen in an intentional way. Following habituation to displays of a ball jumping
over a barrier to reach another ball, infants dishabituated more to intentionally odd but
spatially similar movements (jumping even when there was no barrier) than to spatially
novel but intentionally sensible movements (taking a new but more direct path), and
showed sensitivity to different kinds of path taken by a ball depending on the space avail-
able for the passage. One-year-olds thus appear to be adopting the intentional stance in
relation to objects that do not involve them.
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Woodward (in press) showed that even 5-month-old infants (although not as strongly
as 9-month-olds) differentiated between a behavior that seemed to be goal-directed
(grasping an object) and one that seemed unintentional (dropping the back of the hand
in front of an object). Following habituation to a grasp, infants dishabituated more to
the grasp of a new object than to a different path to the same object, but following habit-
uation to the unintentional movement, they did not differentiate between a change of
object and change of path. Showing that this difference was not attributable to differen-
tial interest in the grasping hand as opposed to the limp hand, Woodward argues that
these findings challenge the view that infants are innately predisposed to perceive all action
as intentional provided that they are self-propelled (Baron-Cohen, 1997; Gergely et al.,
1995; Premack, 1990). Woodward suggests that the recognition of the unintentionality
of the back of hand movement could be due either to the specific unfamiliarity to the
infant of the act itself, or to the absence of intentionality cues such as muscle tension and
palm orientation. Woodward and Somerville (in press) also showed that 12-month-olds
understood the relevance of the sequentiality of actions to the presence of overarching
goals. They construed ambiguous actions (such as an adult’s hand touching the lid of a
box) as relevant to the overall goal only if the subsequent action was causally related to
it (i.e., removing the lid and grasping the toy inside the box) and not if the action was
temporally but not causally linked to it (i.e., removing the lid but grasping the toy that
was outside the box).

Sodian and Thoermer (1998) suggest that at 12 months infants do not yet infer the goal
of an action from the actor’s gaze direction alone (even with a facial expression of desire
and interest). Showing that infants only reacted appropriately to gaze direction in certain
conditions, they suggest that 12- and even 15-month-olds are more influenced by the
effects such as novelty than by the relation between gaze direction and gaze-related action.
Brooks, Caron, and Butler (1998) showed, on the contrary, that 14- and 18-month-olds
did in fact use gaze direction as a cue to the relevance of the thing looked at. Using a 
violation of expectancy procedure, they found that infants looked longer at a new object
that appeared on the same side as the adult had looked at previously than at the old object
on a different side. This effect was present only if the adult who did the looking had her
eyes open. Interestingly, in the eyes closed condition the opposite effect prevailed. The lack
of difference between 14- and 18-month-olds in this study suggests that infants come to
understand the intentional and referential function of looking before 14 months of age.

Directing Intentions Toward the Self

There is very little evidence about infant attempts to direct others’ actions toward them-
selves. Early anticipatory responses to others’ actions (such as arching the back toward
another’s reach) may develop into acts that are performed as an expression of need (i.e.,
arching the back in order to be picked up). While such acts occur in the first 6 months, it
is not until about 9 months that they are used with any degree of specificity for others’
intentions (see Service, 1984, for a discussion of developments in the hands-raised, pick-
me-up gesture). Other actions such as crying and calling could also be argued to develop
from simple expressions of internal states which just happen to elicit intentional actions in
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others, to attempts to seek intentional actions towards the self. Further research is needed,
however, for understanding how such intentional engagements develop. Clearly though,
in the early months, such attempts seek intentional actions toward the self as a global entity,
not toward specific actions or aspects of the self, nor toward any external targets.

Directing Intentions Toward Actions by the Self

Once again, direct evidence on this topic is sparse. However, there is reason to believe,
as with attention, that initial attempts to direct others’ mentality (whether their atten-
tion or their intentions) toward the self as a global entity change first to directing them
toward specific actions by the self, before directing them toward external targets. The
holding out of objects to show/give them to others is one of the first signs of
person–person–object interactions (Bates et al, 1979) in which the infant is actually
directing the other’s actions to adjust to an action by the self. Infants may start holding
out objects to others from around 8 months, with signs of communication including gaze
to the others’ face and vocalizations, but not be able to successfully release them until
several weeks later. This often leads to genuine uncertainty about whether they are intend-
ing to give or to show or some intermediate state (Reddy, 1998). Two aspects of such
interactions are of importance here. One, that what is being sought by the infant is an
intentional action by the other toward the act of holding out the object (rather than
toward the object itself, or toward the self globally). Second, that infants often sponta-
neously offer and then playfully withdraw objects (especially interesting when these
actions occur after infants are capable of releasing objects, and when they are not simple
changes of mind but are marked by half-smiles and cheeky expressions). Both these
actions are active attempts by infants from 8 months on to elicit intentional actions
toward actions by the self.

Directing Intentions Toward External Targets

Toward the end of the first year, at around the same time as infants are able to comply
with others’ intentions for acts by the self, infants also demonstrate an ability to direct
others’ intentions for acts on external targets for the infant’s benefit. There is some debate
about whether this ability develops prior to or at the same time as the ability to direct
others’ attention to external targets. A Piagetian analysis of protoimperatives (early, non-
verbal forms of commands) sees them as developmentally equivalent to protodeclaratives,
with both emerging at the same time and from the same underlying cognitive advance –
an understanding of means–ends relations and tool use (Bates, Benigni, Bretherton,
Camaioni, & Volterra, 1979). However, protoimperative pointing may in fact predate
protodeclarative pointing by about two months (Perucchini & Camaioni, 1993) and may
be the result of a simpler instrumental perception of others’ actions than the under-
standing of attentionality implied in protodeclaratives (Camaioni, 1993). The mere pres-
ence of protoimperatives need imply no understanding of others’ intentionality, as has
been shown in a subtle analysis of the development of a protoimperative act in a gorilla
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(Gomez, 1991). In order to obtain its own goal, the gorilla first used the human as an
object, then as a tool, then as an agent, and finally as an intentional being. The latter was
observed through an indicative rather than forceful expression of an intention for the
human’s act, and through the presence of eye contact following this. In human infants,
imperative pointing (i.e., indicative rather than forceful directives) is evident by 11
months (Perucchini & Camaioni, 1993), with gaze to the face at some point during the
act. Even earlier than this, human infants appear to indicate a need through, for example,
reaching for an object and waiting for adults to come to their help (Bates et al., 1979).

Thus far we have seen that the playfulness and global infant-directedness of others’
intentional acts may be detected and appropriately responded to by around 3 or 4 months
of age. Beginning at around 7 or 8 months, infants become responsive to others’ inten-
tions for directing the infants’ own actions and show a sensitivity to the seriousness of
these directive intentions by differential noncompliance. By the end of the first year
provocative noncompliance and other forms of teasing that manipulate others’ intentions
and expectations are clearly established. Some intriguing evidence suggests that even 5-
month-olds may be able to detect intentional actions directed to external targets, although
most evidence suggests that this is clear after about 12 months. Infants’ ability to direct
intentions in simple global ways or in relation to their own acts is little understood. By
the end of the first year, however, they succeed in clear ways in directing others’ inten-
tional acts toward external targets.

Early Mind Knowledge: Key Issues

This section raises three related issues for the reader to consider in relation to the under-
standing of attention and intention in the first year, given what we now know about
infant engagement with these aspects of others. First, is there really a 9-month revolution
allowing the possibility of mind knowledge? Or is there evidence for continuities in mind
knowledge before this? Second, is early mind knowledge necessarily an inferential process?
Third, is there evidence to suggest that mutual engagement between minds is the basis
of all subsequent mind knowledge?

Have we simply replaced the excitement of discovering the 4-year false belief water-
shed (believed to signal the child’s acquisition of a “theory of mind”; e.g., Perner, 1991)
and the 18-month metarepresentational mechanism (believed to signal the capacity for
pretense; e.g., Leslie, 1987) with the 9-month intentional revolution (believed to signal
the onset of mind knowledge; e.g., Tomasello, 1999)? Recent developmental research has
clearly moved away from postulations of a conceptual primacy in the understanding of
minds and has reported skills of engagement with minds earlier and earlier in infancy.
However, we appear to have widened the goal posts rather than changed the game. A sur-
prising number of skills seem to emerge at 9 months, leading theorists to argue for a rev-
olution in understanding others as intentional agents at this age (Tomasello, 1995, 1999).
However, this confluence of developments could be an artifact of our continuing attach-
ment to stage theoretical explanations of change, rather than reflecting genuine syn-
chronicity. There are two reasons to suspect theoretical sleight of hand in our portrayal
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of these developments: (1) the advances do not all happen at 9 months, ranging in fact
from 8 months to 14 months; and (2) events before 9 months also seem closely linked
to events after.

Reported average ages for the various skills identified as part of the 9-month revolu-
tion range over a 6-month period (which is a very large slice of the infant’s life at this
age): social referencing happens from about 8 months, and is even prefigured at 5 months
(Fivaz-Depeursinge & Corboz-Warnery, 1999), as are positive affect sharing and passive
joint attention; imitative learning is shown at about 9 months, the ability to give objects
at 10 months, protoimperatives at about 11 months, protodeclaratives at about 12 to 14
months, gaze following in various ways between 6 and 18 months, and so on. Within
individual infants the development of some of these skills may span 4 months (Tomasello,
1999). These developments also appear to be preceded by a series of prior abilities, such
as the ability to coordinate and respond appropriately to mutual attention and its per-
turbations at 2 months, or the ability to discriminate others’ intentions even when
directed to external targets at 5 months, which have been argued here to be of direct rel-
evance to the developments after 9 months.

Tomasello (1999) argues that it is the discovery of the similarity of others to oneself
that is the catalyst for these changes at 9 months and for the realization that others are
intentional beings. Given the evident continuities in developments from early on in 
the first year, an alternative explanation may be possible. There may be no discovery of
mindedness at 9 months or, indeed, at any single period of time. Mindedness may be
something the infant can always perceive, but with increasing elaborations over the 
course of development which involve increasing skill with contexts and targets as well as
linguistic/conceptual skills. Discontinuous portrayals of development are dangerous
(although they are common to theories of very different persuasions) – they encourage
us to ignore developmental data between the “steps,” treating them instead as irrelevant
behavioral noise. We need process-based theories for a full understanding of the develop-
ment of mind knowledge (Fogel, 1993), but are still far from achieving them.

Related to this is the question of inference versus perception in early mind knowledge.
Inference has been argued as a necessary step for understanding attention as well as inten-
tion. Most current views maintain that such understanding occurs before a conceptual or
causal grasp is achieved. The inferential process in early understanding is believed to
involve the mental positing of an unperceivable entity in the interpretation of a perceived
act. Baldwin argues, for example, that action analysis is only a first step in the under-
standing of intentions, and that by 12 months of age infants are inferring goals and inter-
preting perceived actions in this manner. The interpretations appear to be attributed to
human actions as well as to animated blobs on a screen. Similarly in the understanding
of attention, 12-month-old infants are argued to infer the presence of an attentional state
in the other in order to seek to share targets with them. As has been shown, debates
abound around these issues, with counterarguments positing, plausibly, that most of these
cases of apparent infant inference of mentality could be explained by the infant’s per-
ception of observable differences in others’ actions and either a reflexive or a complex
associationist reaction to them (see, e.g., Perner, 1991, on explanations of social refer-
encing and protodeclarative pointing, and Gomez, 1993, on the representational simi-
larity of protodeclaratives and protoimperatives). Infants may indeed be perceiving the
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object directedness rather than inferring the goal of the adult’s actions (see Vedeler, 1991,
for a discussion of this distinction in infant intentionality following Merleau-Ponty). 
Similarly, they can indeed be anticipating and responding to perceived adult actions to
targets of attention rather than inferring mental states. However, an opposition between
the perception of behavior and the attribution of mental states is only necessary if we 
assume a mind–behavior dualism, and if we assume that the developmental goal is the
inference of mind alone, not the perception of mind–behavior. Infants are not dualists,
they perceive mentality in action; arguably, even adults are not dualists, except when they
have a problem to solve. To insist on purely inferential understanding for mentality 
in infancy is to set up a false goal that rules out most of the infant’s rich understanding
of minds.

Does mind knowledge emerge from mutual engagement and intersubjectivity? Is it the
case that we understand others only to the extent that we have previously engaged with
them? Buber argued for the primacy of relation; for the primacy of experiences in which
we engage directly with an entity (treat it as a Thou) before we see it in detachment (as
an It). Do we then understand others’ mentality when it is directed to us before we under-
stand it when it is directed elsewhere? Werner and Kaplan’s theory of the origins of the
symbol within the primordial sharing situation suggests that interpersonal relationships
provide both the motive and the skill for the emergence of social cognition (Werner &
Kaplan, 1963). Naturalistic descriptions of developmental phenomena show that dyadic
interpersonal engagement precedes and supports the expansion of the infant’s actions and
understanding into activities involving ever more distal targets. However, there are some
problems with this simple schematization. First, the apparent primacy of dyadic compe-
tence may be an artifact of the scientific neglect of triadic interpersonal engagement
(mother, father, and infant) which is clear and coordinated even in 3-month-olds (Fivaz-
Depeursinge & Corboz-Warnery, 1999). Further, both in the sphere of understanding
attention and understanding intention, recent experimental evidence shows surprisingly
early skills – even in the first 6 months – in which infants appear able to understand
others’ attentional and intentional directedness to external targets when they themselves
are not directly engaged with the adult. This could suggest either that both dyadic and
triadic understanding is developing simultaneously, or that a sequential process (from the
dyadic to the triadic) is happening earlier than we suspected. However, even early triadic
interactions may involve the infant’s active engagement with both the others in the triad.
Buber’s I and Thou may be expanded to include two Thous without triads necessarily
becoming I–It relations – mutuality and engagement may still be the key.
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Part II

Social, Emotional, and Communicative
Development

Introduction

Part II covers the basic features of social development in infancy. During the first three
years of life, growth in social and emotional abilities is rapid. By the end of the second
year, children have the rudiments of language, a fully developed repertoire of emotional
expressions and feelings, and they understand to a limited extent that other people have
different points of view than themselves. How do infants develop these abilities to engage
with other people and to understand themselves? The chapters in this section address
these issues.

The first chapter in this section, by Bornstein and Tamis-LeMonda, reviews the
research on motherhood and the mother–infant interaction. They address issues such as
the function of mother–infant interaction for infant development and research methods
that have been used to study mother–infant relationships. In addition, this chapter puts
the mother–infant relationship into its larger context of infant and mother psychological
functioning, social networks, demographic patterns, and cultural differences. They call
for a multidimensional and dynamic approach to the mother–infant relationship, in the
sense that the effectiveness of mothers for their infants depends upon the circumstances
in which they live and on the aspect of maternal behavior that is being assessed. Family,
friends, and cultural beliefs all contribute, facilitating or hampering the mother’s ability
to parent.

Following in a similar vein, the chapter by van den Boom covers the development of
attachments between infants and adults. The chapter takes a detailed look at the theories
used to explain the development of attachment and individual differences. Why and how
do attachments form during infancy? What are the factors that promote healthy attach-
ments? What are the species similarities and cultural differences in patterns of attach-
ment? How does the parent–infant attachment affect later relationships? Attachment
security is one of the best predictors of social behavior in early childhood in North 
American society where the tests for attachment were developed. The definition of a
healthy attachment may vary between cultures, however. In any case, the attachment 
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relationship between infants and their parents is crucial for the maintenance of normal
developmental progress. The chapter concludes with some speculations about the future
of attachment theory and research.

The chapter by Eckerman and Peterman takes up the question of how children develop
the social skills to establish coordinated interactions with their peers. They ask about the
types of skills needed for young children to begin to play games, resolve conflicts, and
have conversations with each other. Peer relationships play a unique role in infancy, dis-
tinct from relationships with adults. Peers, for example, form primarily egalitarian rela-
tionships compared to the differences in size and status between parents and infants. With
peers, children can explore the roles of leader and follower, and discover the meaning of
friendship. The authors review the types of peer communication observed in infants of
different ages. The chapter also considers the ways in which infants are exposed to peers
in daycare settings and the importance of the “peer culture.”

Stack’s chapter examines the particular role of touch in infant development. Touch,
though relatively neglected in infancy research, is of essential importance for infants given
that the skin is the largest sensory organ in the body. It helps to establish the first attach-
ments between parents and infants and helps infants with emotional regulation. Touch
has been shown to benefit premature infants by increasing weight gain and enhancing
physiological functioning. Touch augments communication in infants with sensory
impairments. Touch between parents and infants occurs in all cultural groups, but some
cultures emphasize touch more than others.

The chapter by Lock considers other aspects of nonverbal communication in infancy,
those not necessarily related to touch. The chapter is organized with respect to the major
developmental transitions in nonverbal communication during infancy: at 2, 5, and 9
months. At 2 months, infants begin to smile and gaze at adults’ faces, creating opportu-
nities for extended bouts of face-to-face play. At 5 months, infants begin to incorporate
objects into their interactions with adults. By 9 months there is a profound shift toward
the awareness of being an intentional communicator, deliberately seeking information
and support from adults, and recognizing adults as separate intentional beings. Each of
these transitions leads to increasingly complex social skills such as turn-taking and joint
attention with adults. The chapter concludes by considering theoretical perspectives on
how nonverbal communication during the first year is the prelude to linguistic commu-
nication in the second year.

This topic is taken up in the chapter by Camaioni, who shows that linguistic commu-
nication is founded upon the patterns of nonverbal communication observed during the
first year. Language does not suddenly emerge in the second year but arises out of a devel-
opmental history of shared understandings between infant and parent. This chapter traces
the development of vocabulary, the emergence of word combinations and sentences, and
the growing ability of infants to use language to reference internal states and desires. The
chapter considers the role of maternal speech in individual differences in language acquisi-
tion and cultural differences in this process. A child-centered speech style, which follows
the child’s speech as a starting point, is found in parents who are educated and middle class
across a variety of cultures. On the other hand, working-class families and families from
rural and traditional cultures are more likely to use a directive style of speech. These studies
show that children can acquire language under a wide variety of rearing conditions.
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Witherington, Campos, and Hertenstein review the processes of emotional develop-
ment in infancy. They consider questions such as what emotions are and how they
develop. They take a functionalist perspective on emotion, such that emotions are the
processes by which an individual attempts to establish, maintain, or change relationships
with the environment on matters of significance to the person. Emotions are not identi-
fied with particular feelings but rather with the behaviors that serve the person in their
relationship with the world (such as approaching or avoiding another person or object).
Infants become increasingly sophisticated in the experience and regulation of emotions.
Infants do not feel anger until 6 months, they do not feel fear until 10 months, and they
do not feel pride or shame until at least the age of 2 years. The authors suggest that
emotion is a multidimensional and dynamic process, involving interactions between per-
ception, action, and cognition.

The final chapter in this section, by Wachs and Bates, reviews the research on whether
there are persistent patterns of individual differences between infants, the topic of tem-
perament. They consider the research and theoretical issues related to how temperament
is defined and measured. Next, they discuss the developmental origins of temperamental
differences and the relative roles of biological predispositions and environmental factors.
Even biological characteristics such as prematurity, Down’s syndrome, gender, genetic
influences, and malnutrition do not predict temperament in the absence of parent–child
relationships and other environmental factors. The authors present research on the long-
term consequences of infant temperamental differences. While temperament seems to
have important consequences for later adjustment, more research is needed, particularly
on children in clinical and educational settings.
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Chapter Ten

Mother–Infant Interaction

Marc H. Bornstein and Catherine S. Tamis-LeMonda

There is no such thing as an infant.
D. W. Winnicott (1965, p. 39)

Introduction

Each day nearly one-half million women in the world experience the happiness and
heartache of becoming mother to a newborn infant. Meaningful mothering begins 
even before a baby’s birth and continues in some form throughout the life of the 
mother and child – as we all acknowledge, once a mother, always a mother. Nonetheless,
mothering responsibilities are arguably greatest during infancy, when human beings 
are most dependent on caregiving and their ability to cope alone is minimal. It has 
also been contended on evolutionary reasoning that the extended duration of human
infancy allows for enhanced parental influence and prolonged learning (Bjorklund & 
Pelligrini, 2000). Thus, infancy is normatively a period of great investment; the birth 
of a child rivets a mother’s attention and stirs her emotions; and infants alter every-
thing about their mothers, beginning with who they are and how they define them-
selves. Reciprocally, infants profit from maternal care: Infancy is the phase of the 
human life cycle when caregiving is thought to exert significant and salient influences.
The sheer amount of interaction between mother and infant is great, infants may be 
particularly susceptible and responsive to mother-provided experiences, and mother–
infant interaction has long been thought to be a critical determinant in the develop-
ment of the individual. Mother–infant interactions are the subject of historical and 
continuing interest (Bornstein & Lamb, 1992; Bremner, 1994; Fogel, 1991; Hrdy, 
1999).

This chapter summarizes selected aspects of our own and others’ research, and portions of the text have
appeared in previous scientific publications cited in the references. We thank E. Hunter, M. Voigt, and
B. Wright for assistance.
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This chapter surveys basic mother and infant behaviors, their characteristics, their
interrelations, and the contexts in which their interactions are embedded. We begin with
a discussion of some of the key functions of mother–infant interactions for the infant’s
emerging social-emotional and cognitive development. We next review methodological
approaches to the study of mother–infant interactions and describe behaviors of mothers,
infants, and the dyad that have been considered meaningful indicators of the
mother–infant relationship. We then discuss the nature of associations between mother-
ing and infant development – that is, relations as specific or general and the patterning
of relations over time. Finally, we consider the mother–infant relationship in its larger
context by examining factors that moderate or mediate the nature and consequences of
mother–infant interactions, including characteristics of infants, mothers’ psychological
functioning, social networks, sociodemographic factors, and culture.

Functions of Mother–Infant Interactions

Universally, mothers establish (or are expected to establish) with their infants successful
routine interactions, clear patterns of communication, dependable emotional attachments,
and to guide their infants through all of the important “firsts” of life. Human infants do 
not and cannot grow up as solitary individuals; mothering constitutes an initial and all-
encompassing ecology of infant development. Infants and mothers constantly engage in
dyadic interactions – to which both contribute, through which each alters the other, and by
which both are changed – so that infant, mother, and dyad each has its own character. What
essential functions, aside from the basic needs of protection and survival, do mother–infant
interactions serve for the developing infant? Four significant functions, among many, are
noteworthy: promotion of social understanding, development of attachment, acquisition
of language, and emotional regulation. We highlight each briefly.

Mother–infant interactions have been referred to as the “cradle of social understand-
ing” (Rochat & Striano, 1999). From birth, babies appear both ready and motivated
(albeit in rudimentary form) to communicate and share meaning with others. By 2
months of age, infants engage in complex, highly responsive interactions with their
mothers (termed “protoconversations”; Bateson, 1979). These interactions are character-
ized by mutual give-and-take exchanges in the form of coos, gazes, smiles, grunts, and
sucks (Beebe, Jaffe, Feldstein, Mays, & Alson, 1985; Messinger & Fogel, 1998; Murray
& Trevarthen, 1985). Through reciprocal engagements with others, especially mother,
infants come to develop a sense of shared experience (termed “intersubjectivity”; 
Trevarthen, 1993) that over time evolves to a greater level of social and cognitive under-
standing, including the development of social anticipations and expectations about others’
behaviors in relation to self (Rochat & Striano, 1999). During the first 6 months, infants
develop a growing sensitivity to the invariant characteristics of their social partners, as
they begin to extract information about patterns and routines in face-to-face and other
dyadic interactions. These early interactions lay the foundation for further developments
in social cognition, including the understanding of self and others as intentional agents.
By 9 months, infants demonstrate “secondary intersubjectivity” as they monitor and co-
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ordinate their own perspectives and attention with the perspectives and attention of others
(Baldwin & Baird, 1999; Trevarthen, 1979).

A second and related function of mother–infant interaction is its role in the develop-
ment of secure infant attachment. According to an evolutionary perspective, the develop-
ment of attachment in human infants reflects natural selection – infants who sought 
to maintain proximity to their primary caregivers were more likely to be cared for and 
protected from potential predators and to survive. Consequently, the proclivity toward
attachment became integral to the infant’s repertoire of behaviors (Bowlby, 1973). The
development of “secure” infant attachment appears to depend on the quality of mother–
infant interactions over the course of the first years of life (Ainsworth, 1973). Mothers who
are attuned to their infants’ behavioral and emotional cues and needs are more likely to rear
secure infants than are mothers who are less sensitive; in turn, secure infants are more likely
to develop into prosocial and competent toddlers and children (Belsky, 1999).

A third function of mother–infant interactions, mediated by the infant’s growing 
intersubjectivity, is the infant’s continuous progress toward more mature forms of com-
munication and language (Bloom, 1993; Bornstein, 2000). Mothers foster their 
infants’ acquisition of language and communicative skills. For example, mothers use
sound play with 2-month-olds to selectively reinforce babbling that will foretell speech
(Kugiumutzakis, 1998). Eventually, shared expressions of affect and shared experiences
lead to infants and mothers sharing experience in speech (Fogel, Messinger, Dickson, 
& Hsu, 1999). Episodes of “joint attention” provide a prominent framework for the
acquisition of language (Moore & Dunham, 1995).

Finally, mother–infant interactions play a prominent role in infants’ emotional devel-
opment – by both heightening emotions in infants as well as helping babies regulate their
emotions. From the first days of life, mothers support babies’ experience of joy through
their facial expressions, vocalizations, and touch, and evoking gazing, smiling, and laugh-
ing from their infants (Papoušek & Papoušek, 1995). The progressive escalation of excite-
ment inherent in mother–infant games boosts infants to higher levels of joy than they
achieve on their own (Stern, 1993). In typical theme-and-variation play, caregivers build
predictable sequences of behavior and repeat or vary them based on the infant’s response,
for example slowly creeping their fingers up the infant’s stomach, waiting for the infant’s
expectant gaze or smile, and then tickling or giving a loud raspberry. It is the infant’s
growing awareness of contingency in these elementary interactions that adds to feelings
of pleasure, in addition to enabling greater tolerance for higher arousal states (Roggman,
1991). Beyond affect, mothers play an important role in regulating their infant’s distress
and physiological arousal. Infant emotion regulation is conceptualized as developing
within the context of parent–child relationships (Grolnick, McMenamy, & Kurowski,
1999; Tronick, 1989). Because very young infants vary arousal by shifting visual control
(Tronick & Weinberg, 1990), the mother’s use of visual distractions, as one example, 
may operate to soothe overly excited infants (Bornstein, Tamis-LeMonda et al., 1992;
Thompson, 1994). During later infancy, mother–infant play involves teasing games and
rituals that help the infant practice negotiation skills that in turn build more intricate
intersubjective understanding (Trevarthen, 1993).

In overview, mother–infant interactions serve multiple cognitive and linguistic, social
and emotional functions for the developing infant. Infants acquire social understanding
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and a sense of intersubjectivity through ongoing, mutually reciprocal interactions with
their mothers. Sensitive mother–infant interactions also pave the way to secure attach-
ment relationships, thereby providing a foundation for healthy social and emotional
development. In turn, the infant’s developing sense of intersubjectivity and attachment
serve as the foundation and motivation for exploring and learning about the world, com-
municating with others, understanding self and others, and developing positive social
relationships.

Methodological Approaches to Studying 
Mother–Infant Interactions

To find out about mother–infant interactions scientifically entails numerous decisions
about the behaviors and beliefs to assess, how to measure them, and the sorts of analy-
ses that are most suitable to the questions being posed. How are meaningful behaviors in
mothers, infants, and dyads described, characterized, and quantified?

Behaviors and Beliefs in Mothers

The complex of everyday maternal behaviors with infants is analyzable into a number of
domains, and patterns among those behaviors constitute associated styles. Which behav-
iors in the ongoing stream of gestures, vocalizations, and facial expressions mothers display
are most crucial to assess, how are they best evaluated, and in what situations?

Two distinct approaches have been taken to classifying maternal–infant interactions.
The first emphasizes the content of maternal behaviors specifically by focusing on
domains of engagement. The second emphasizes the quality of maternal engagements,
for example, the extent to which maternal behaviors are sensitive to infants’ abilities or
needs. With respect to content, one useful approach has been to classify behaviors into
categories of mothering (which for the infant are experiences). Bornstein (1989a, 1995)
described one such system that includes nurturant, social, didactic, and material care-
giving. Nurturant caregiving meets the biological, physical, and health requirements of 
the infant, as when mothers provide sustenance, grooming, protection, supervision, 
and the like. Social caregiving encompasses visual, affective, and physical behaviors
mothers employ to engage infants in interpersonal exchanges, impart trust and love, help
the infant to regulate affect and emotions, and manage and monitor the infant’s other
social relationships. Didactic caregiving is deployed when stimulating the infant to 
engage and understand the environment outside the dyad, and includes focusing 
the infant’s attention on properties, objects, or events in the immediate surround, 
introducing, mediating, and interpreting the external world, describing and demonstrat-
ing, and provoking or providing opportunities to observe, imitate, learn, and the like.
Material caregiving consists of how mothers provision and organize the infant’s physical
world in terms of inanimate objects, levels of ambient stimulation, physical safety, and
so forth.
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Together these categories encompass virtually all of mothers’ important activities with
infants. That is, human infants universally are reared in, influenced by, and adapt to social
and physical environments that are characterized by the elements in this taxonomy. Taken
as a totality, however, this taxonomy constitutes a varied and demanding set of caregiv-
ing tasks. Each element of the taxonomy of mothering is conceptually and operationally
distinct, although in practice of course mother–infant interaction is intricate, meshed,
and multidimensional, and mothers regularly engage in combinations of these categories;
that is, these different categories of engagement can be expected to overlap. Furthermore,
nurturant caregiving seems more fixed and compulsory, to the extent that infant survival
depends on the essential activities that comprise this domain; in contrast, social, didac-
tic, and material sorts of caregiving may be more flexible and discretionary – mothers
vary among themselves in the extent to which they engage in these domains of interac-
tion as well as in the ways they express such behaviors. This taxonomy also incorporates
stimulation (that is, types of caregiving that normally serve to promote infant well-being
and development) as well as compensation (that is, types of caregiving that, for whatever
antecedent cause, attempt to return an infant to accepted states of well-being or devel-
opment). Of course, these categories of caregiving apply to normal mothering of normal
infants, and their instantiation or emphasis can be expected to vary with child age and
contextual or cultural setting.

Beyond the contents of these domains of interaction lies the quality of maternal engage-
ments, sometimes referred to as patterns or styles. Perhaps the best known system of par-
enting styles classifies mothers into three main types: authoritative, authoritarian, and
indulgent-permissive (Baumrind, 1991; Maccoby & Martin, 1983). Permissive parents
tend to make fewer demands on their children in comparison to other parents, thus allow-
ing their children to regulate their own activities as much as possible. Authoritarian
parents tend to be directive with children and value unquestioning obedience in their
exercise of authority. Authoritarian parents are detached and less warm, discourage verbal
give-and-take, and favor punitive measures to maintain or control their children’s behav-
ior. By contrast, authoritative parents provide clear and firm direction for their children
and exercise disciplinary clarity through warmth, reason, flexibility, and verbal give-and-
take. These styles in turn vary along more global dimensions of parental warmth and
control, and different parenting styles reflect combinations of high or low levels of these
dimensions. Research on these full-blown styles of interaction has been conducted mainly
with parents of older children. Maternal “warmth” and “sensitivity” reflect the extent to
which mother is positively and appropriately responsive to her infant’s needs and abili-
ties, and this dimension is marked by wide individual differences. Maternal responsive-
ness per se encompasses the contingent, prompt, and appropriate reactions mothers
display to infant activities (Bornstein, 1989b). Maternal responsiveness has attracted
attention from infancy researchers for two principal reasons. First, it reflects faithfully a
recurring and significant three-term event sequence in everyday exchanges between infant
and mother that involves child act, parent reaction, and effect on child. Second, specific
kinds of maternal responsiveness have been found to exert meaningful predictive effects
over a range of domains of infant development, from imbuing effectance and a sense of
self to security of attachment to fostering the growth of verbal and cognitive competen-
cies. Infants appear to be especially sensitive to contingencies between their own actions
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and the reactions of others, and such contingencies are the hallmark of responsive par-
enting (Gergely & Watson, 1999). Empirically, infants who experience contingent
responding are more likely to pause after an adult response, engage more regularly in
turn-taking, and express more speech-like sounds than infants who experience random
stimulation (Bloom, 1999). On these accounts, developmentalists since Bowlby (1973)
and Ainsworth (1973) have tended to regard positive maternal responsiveness to infants
– wherever it occurs – as a good thing.

With respect to “control,” mothers may support their infants’ autonomy or interfere,
inhibit, or intrude on their infants’ interests. Infants of overstimulating or intrusive mothers
tend to be classified as avoidantly attached, perhaps in an effort to control their level of
arousal or in angry response to their mothers’ inappropriate interactions (Belsky, Rovine,
& Taylor, 1984; Isabella & Belsky, 1991; Pederson et al., 1990). Depressed mothers, 
for example, demonstrate a style of interaction marked by intrusiveness, anger, irritation,
and rough handling of their infants, a style of engagement that is often received 
with gaze aversion and avoidance by infants (Field, 1995). Maternal intrusiveness is also
associated with elevated catecholamine and cortisol levels in infants, a finding that is con-
sistent with the notion that infants of intrusive mothers experience more stress and 
anger (Jones et al., 1997). Moreover, mothers who behave in a controlling manner, 
either by using inappropriate strategies to control their infants’ emotions or by not 
allowing their infants the opportunity to practice self-regulation, may undermine infants’
developing capacity for autonomous self-regulation (Grolnick, McMenamy, & Kurowski,
1999).

A domain of interaction that cuts across both content and quality concerns mothers’
speech to infants. Language directed to infants is perhaps the most common feature of
mothering, and language serves numerous functions for the infant. Language helps to
establish emotional ties between mother and infant, to transmit knowledge and promote
learning in the infant, and to socialize the infant into a culture. Notably, mothers 
modulate their vocal pitch in interaction with young infants, and prosodic contours of
so-called “child-directed” speech are thought to provoke or potentiate infant attention
and thereby promote infant learning (Papoušek, Papoušek, & Bornstein, 1985).

Mothers shape most, if not all, of their infants’ experiences and directly influence infant
development by the behaviors they exhibit as well as by the beliefs they hold. Parenting
beliefs include, for example, perceptions about, attitudes toward, and knowledge of par-
enting and childhood. So, how mothers see themselves vis-à-vis infants generally can lead
to their expressing one or another kind of affect, thinking, or behavior in childrearing.
How mothers construe infancy functions in the same way: Mothers who believe that they
can or cannot affect infant personality or intelligence modify their parenting accordingly.
How mothers see their own infants has its specific consequences too: Mothers who regard
their infants as being difficult are less likely to pay attention or respond to their infants’
overtures, and their inattentiveness and nonresponsiveness can then foster temperamen-
tal difficulties and cognitive shortcomings.

Beliefs are displayed as everyday customs with regard to babies and provide important
contexts for understanding the nature of infancy. Beliefs thus represent a key aspect 
of the context of childrearing (Bornstein, 1991; Darling & Steinberg, 1993; Goodnow
& Collins, 1990; Miller, 1988). Beliefs themselves develop within particular ecologies 
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of class and culture, and ethnotheorists focus on how beliefs are manifested in par-
ticular childrearing practices (McGillicuddy-De Lisi & Sigel, 1995; Harkness & 
Super, 1995).

Behaviors in Infants

Infant behaviors in mother–infant interactions are also understood in terms of their content
and quality. For example, it is possible to distinguish between infant dyadic versus
extradyadic engagements: Dyadic engagements on the part of infants consist of behaviors
focused on interpersonal interactions – smiles, coos, and face-to-face interactions with
mothers – whereas extradyadic engagements concern babies’ focus on objects, events, and
activities outside the dyad. In this regard, the distinction between primary and secondary
intersubjectivity is especially relevant, in that early mother–infant interactions often focus
within the dyad, whereas later interactions entail co-communications about objects and
events outside the dyad (Bornstein, Tal et al., 1992; Bornstein & Tamis-LeMonda, 1990).

With respect to quality, infants’ behaviors are responsive to and synchronized with those
of their mothers. Infants appear to be attuned to their mothers from the first weeks of life
(Bateson, 1975, 1979; Stern, 1974): They engage in miming of conversation, are emo-
tionally reactive, and play an active role in regulating the ebb and flow of interactions (Beebe
et al., 1985; Trevarthen, 1993). Nonetheless, substantial variation exists among infants in
terms of their own responsiveness to maternal solicitations and abilities at maintaining 
synchronous interactions. Some infants appear better able to regulate their attention 
and emotions than others and so engage in more rewarding bouts of joint attention 
with their caregivers (Raver, 1996). As a specific example, preterm infants often have diffi-
culty regulating engagements with caregivers, as evidenced in increased gaze aversion,
decreased joint play, and lower levels of joint attention (Landry, 1995). Some infants exhibit
clear, consistent, and responsive cues to changes in their mothers’ actions, whereas others
do not; these early patterns of infant responsiveness set the stage for productive or 
problematic engagements over the next months and years of life (Kochanska, Forman, &
Coy, 1999).

Behaviors of the Dyad

Although mother and infant behaviors can be considered separately, the dyad of mother
and infant may be the central and most meaningful unit of analysis: The essence of the
mother–child relationship is captured by synchronies that distinguish the two interacting
partners (Fogel & Lyra, 1997). Trevarthen (1993, p. 139) compared mother–infant dyadic
communications to a musical duet – the “two performers seek harmony and counterpoint
on one beat to create together a melody that becomes a coherent and satisfying narrative of
feelings in a time structure that they share completely. In a good performance by two or
more musicians each partakes of, or identifies with, the expression of the whole piece, the
ensemble.” As such, patterned sequences of engagements, comprised of cyclical turn-taking
in both mother and infant behaviors, become the focus of investigation.
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Logistics of Studying Mother–Infant Interactions

Once meaningful forms of behavior have been identified in mothers, infants, and the
dyad, an appropriate coding strategy for quantifying interactions must be determined.
Three general approaches are noteworthy; each has inherent strengths and limitations:
comprehensive coding, sampling, and rating.

Data collection built around comprehensive observational procedures is rigorous and
powerful and provides precise measures of both behavioral frequency and duration on the
basis of their occurrence in the noninterrupted, natural time flow. Computer-video-linked
application programs are utilized in such “real-time” coding schemes. As the coder
observes the ongoing interaction (typically on prerecorded videotape), the onset and offset
of every instance of each target event is noted. Such data from real-time recording enable
the researcher to obtain a rich and highly detailed record of the interaction. From a
running record of interactions, it is also possible to evaluate the temporal sequencing of
events relative to one another, thereby permitting the examination of conditional prob-
abilities among events of interest. The co-dependencies between behavioral events can 
be assessed within and between mothers and infants, and changing patterns of co-
dependencies can be evaluated across developmental time. For example, Messinger, Fogel,
and Dickson (1999) assessed changes to the temporal phases of infant smiles between 1
and 6 months of age, based on 5 minutes of face-to-face mother–infant interactions. Their
fine-grained analysis of infant smile types, durations of smiles, and temporal relations
between smiles enabled theorizing about the developmental processes underlying infant
emotional functioning and how such processes might differ from adult emotionality.
Messinger and Fogel (1998) similarly assessed development in infants’ nonverbal com-
munications (e.g., gestures, vocalizations, and gazes) between 9 and 15 months during
play with mothers. By assessing which actions preceded (and/or occurred concomitantly
with) others (within infants and between mothers and infants), they were able to illus-
trate week-to-week changes in the form and function of infant communicative initiatives.
Some disadvantages to such microanalytic approaches stem from the very time-
consuming nature of the coding; depending on the number of events in the coding
scheme and the nature of those events, it can take many hours to code only a few minutes
of mother–infant interaction.

As an alternative to comprehensive coding, behavior may be sampled (Suen & Ary,
1989). In time- or event-sampling, the observational period is divided into a number of
briefer intervals (e.g., 10 seconds), and the presence or absence of the target behavior in
mother, infant, and/or the dyad is noted during each interval. Benefits to this approach
are its low cost and simplicity; coders typically find it easier to note whether or not some-
thing has occurred than to determine when exactly the event began and ended in the
stream of ongoing behaviors. Limitations, however, include not being able to extract exact
measures of frequency or duration and the potential distortion of information with overly
long sampling intervals (Smith & Connolly, 1972; Suen & Ary, 1989). In event coding,
the unit that is recorded is the event, rather than the interval.

Using a third approach of rating, the coder observes an interaction in whole or in part
and, rather than coding specific events or intervals, rates the molar impression of mother,
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infant, or dyad on quantitative or qualitative dimensions (e.g., persistence on a task,
responsiveness) on a scale. This approach to quantifying dyadic interactions is cost-
effective and most appropriate when the goal is to evaluate mothers and/or infants in
terms of global dispositions (such as sensitivity) or the aim is to assess interactions in very
large samples (such as those obtained in large, multisite studies [e.g., NICHD Early Child
Care Research Network, 1994]). Rating scales have been used, for example, to investi-
gate infant–mother attachment, in which the goal is to describe relations between mater-
nal sensitivity and infant attachment status (e.g., Egeland & Farber, 1984; Seifer, Schiller,
Sameroff, Resnick, & Riordan, 1996; Susman-Stillman, Kalkoske, Egeland, & Waldman,
1996). The rating scales used in many contemporary studies of mother–infant interac-
tion build on Ainsworth’s (1973) conceptualization of sensitivity, which included aware-
ness of and appropriate responsiveness to infant signals. However, researchers who aim
to describe the exact nature of mother–infant interactions, contingencies among mother
and infant behaviors, and changes to mother–infant interactions over time may be better
served by microanalytic approaches.

In overview, discrete and observable maternal, infant, and dyadic behaviors can be
studied in quantitative and qualitative terms. These behaviors have been approached using
a variety of strategies, including comprehensive coding, sampling, and rating.

The Nature of Mother–Infant Interactions

In infancy – that is, before children are old enough to enter formal social learning 
situations, like school, or even informal ones, like play groups – most of children’s 
experiences stem directly from interactions within the family. Ecology, class, and culture
certainly influence individual development from infancy (Bornstein, 1991; Super &
Harkness, 1986), but parents normally are the “final common pathway” to infant over-
sight and caregiving, development and stature (Bornstein, 1995). As a consequence, many
social theorists have posited that the mother–infant relationship constructs the crucible
for the early and eventual development of individuals in our species. Starting with the
premise that mothers meaningfully affect the development of infants, two questions
regarding the nature of their associations warrant discussion: To what extent are relations
between parenting and child development general or specific? How are the influences of
mothers on infants, and infants on mothers, modeled within and across time?

Generality Versus Specificity

Classical authorities, including notably psychoanalysts, ethologists, and behavior geneti-
cists, have tended to conceptualize maternal behavior as more or less monolithic in nature
– as “good,” “sensitive,” “warm,” or “adequate” – despite the wide range of activities
mothers naturally engage in with infants (e.g., Ainsworth, Blehar, Waters, & Wall, 1978;
Mahler, Pine, & Bergman, 1975; Rohner, 1985; Scarr, 1992; Winnicott, 1965). This view
assumes in part that parenting reflects personality traits, and that mothers therefore behave
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in consistent ways toward babies across domains of interaction, time, and context 
(Holden & Miller, 1999). Alternatively, maternal activities need not be linked to one
another; rather, mothers might vary in the constellation and patterns of their activities
(Bornstein, 1989a, 1995). Mothers engage their infants in diverse activities, as we have
learned, and mothers do not necessarily behave in uniform or consistent ways across
domains of interaction. Mothers who nurture infants more, for example, do not neces-
sarily or automatically engage in more didactics (whether they are US Americans, English,
French, Israeli, or Japanese; Bornstein, Azuma, Tamis-LeMonda, & Ogino, 1990; 
Bornstein & Tamis-LeMonda, 1990; Bornstein, Tamis-LeMonda, Pêcheux, & Rahn,
1991; Bornstein, Toda, Azuma, Tamis-LeMonda, & Ogino, 1990; Dunn, 1977). That
is, generally speaking mothers’ activities do not covary with one another (nor, it turns
out, do those of infants).

An assumption often associated with the monistic view of mothering is that the overall
level of parental stimulation affects the child’s overall level of development (see Maccoby
& Martin, 1983). In contrast, the specificity principle states that specific experiences
mothers provide infants at specific times in development exert specific effects over 
specific aspects of development in specific ways (Bornstein, 1995). Contemporary 
cross-cultural analyses support such a multivariate view of specificity in mother–infant
interactions (Bornstein et al., in preparation). Some specific mother and infant activities
correspond to one another, of course, and mothers and infants influence one another over
time in specific ways. As partners, mothers and infants are open to one another’s influ-
ence from an early period in the infant’s life. Indeed, the character and quality of their
individual behaviors indicate that mothers and their babies are to a certain degree flexi-
ble, plastic, and adaptable. But, mothers and infants specialize, and their specializations
match; that is, mother–infant interactions can be described as (for the most part) mutu-
ally corresponding. So, for example, mothers’ responses to their infants’ communicative
overtures might be central to children’s early acquisition of language, but exert less 
influence on the growth of play, motor abilities, or cognition broadly conceived 
(Tamis-LeMonda & Bornstein, 1994).

In order to adequately test models of mother–infant specificity, it is important to
examine multiple behavioral predictors in mothers and multiple criteria in infants. Con-
sider a short-term longitudinal study in which prominent domains of mother–infant
engagement were assessed and then mutually analyzed when babies were 2 and 5 months
of age (Bornstein & Tamis-LeMonda, 1990). During two home visits, the frequencies of
social and didactic forms of mother–infant interaction were evaluated, as were mothers’
and babies’ verbal/vocal exchanges. The frequencies of mothers’ social, didactic, and verbal
interactions tended to be unrelated, reinforcing the idea that mothers are “specialists”
rather than “generalists.” Mothers who more often encouraged their infants to look at
them in interactions did not necessarily encourage their infants to attend to the
extradyadic environment; similarly, for infants, looking more at mothers was not associ-
ated with more environmental exploration. Significantly, relations between mothers’ and
infants’ activities were highly specific at each age and across these first months of 
life: Mothers who were more social in engaging their infants had infants who more 
often attended to their mothers, and mothers who were more didactic in their interac-
tions had infants who attended to the environment and manipulated objects more. In
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addition, mothers’ child-directed speech related to their babies’ developing nondistress
vocalizations.

Similar principles obtain in the infant’s second year. The second year is a time of
momentous mental transition (e.g., McCall, Eichorn, & Hogarty, 1977), as reflected 
in the emergence of language (Bates, Bretherton, & Snyder, 1988) and first expressions
of pretense in play (Belsky & Most, 1981). In sequential longitudinal studies, mothers
and infants were videotaped during free-play interactions at the start (13–14 months) 
and near the end (20–21 months) of the second year. For each contingent response 
on the part of mothers, the target of the response (i.e., what the mother responded 
to – e.g., a vocalization or play act on the part of the infant) and the content of the
response (i.e., how the mother responded – e.g., by imitating her infant’s vocalization,
prompting her infant to engage in a specific play activity) were assessed. In children, 
two specific outcomes were evaluated – abilities in productive and receptive language 
and sophistication of play (Tamis-LeMonda & Bornstein, 1994; Tamis-LeMonda, 
Bornstein, Baumwell, & Damast, 1996). Maternal responsiveness was domain-
specific: Responsiveness in the language domain did not relate to responsiveness in 
the play domain, suggesting that mothers key into different aspects of their infants’ 
abilities. Moreover, responsiveness to infants’ vocalizations (responses that imitated/
expanded on children’s vocalizations) uniquely predicted children’s language, and re-
sponsiveness to children’s play (responses that prompted further play engagements)
uniquely predicted children’s play both when they played alone and when children 
played with mothers.

The Temporal Patterning of Associations

What patterns of associations obtain between mother and infant behaviors in infancy?
The question of generality versus specificity is distinct from that of timing. Several models
of mutual effects have been identified in infancy research (see Bornstein, 1989a, 1989b;
Bradley, Caldwell, & Rock, 1988). These models address the extent to which early and/or
later experiences uniquely predict children’s current or later development. Three define
unique effects of one member of the dyad on the other, and one emphasizes their trans-
actional nature. An “early experience” model posits that infants’ first experiences uniquely
affect later child development; that is, experiences vital to development are early occur-
ring and determinative of later development. In this model, the activity of mother
uniquely affects the infant at an early time point, and the consequent change in the infant
thenceforward endures, independent of later interactions between the mother and infant
and independent of whatever individual differences the infant carries into the future. 
Theoreticians and researchers have long supposed that the child’s earliest experiences affect
the course of later development (Plato, ca. 355 /1970), and data derived from ethol-
ogy, psychoanalysis, behaviorism, and neuropsychology (like sensitive periods; Bornstein,
1989c) support this model. Empirically, mothers encouraging their 2-month-olds to
attend to properties, objects, and events in the environment uniquely predicts infants’
tactual exploration of objects at 5 months; that is, over and above stability in infant tactual
exploration and any contemporaneous 5-month maternal stimulation (Bornstein &
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Tamis-LeMonda, 1990). Similarly, mothers who attune to changes in their 9-month-old
infants’ emotional expressions by matching the gradient dimensions of their infants’
expressions have toddlers who achieve key developmental milestones in language devel-
opment sooner, over and above mothers’ later attunements (Nicely, Tamis-LeMonda, &
Bornstein, 1999).

A second model focuses on the role of the “contemporary environment”; that is, later
experiences can uniquely affect development, overriding the effects of earlier experiences.
In this view, mothers exert unique influences over their infants only at later points in
development and independent of whatever individual differences infants carry forward
into their own future. Empirical support for this model typically consists of recovery of
functioning from early deprivation (including studies in which malnourished or disad-
vantaged infants are adopted into advantaged homes), failure of early intervention studies
to show long-term effects, and the like (Clarke & Clarke, 1976; Lewis, 1997; Rutter and
the English and Romanian Adoptees Study Team, 1998). Empirically, mothers’ didactic
encouragement at 5 months uniquely predicts infants’ visual exploration of the environ-
ment at 5 months, and does so more so than mothers’ didactic encouragement at 2
months (Bornstein & Tamis-LeMonda, 1990).

A third model combines the first two into a “cumulative/additive/stable environment”
view. Cumulative effects presumably emerge from consistent environmental influences.
Empirically, maternal didactic stimulation at 2 and at 5 months has been shown to aggre-
gate to predict unique variance in infant nondistress vocalization at 5 months (Bornstein
& Tamis-LeMonda, 1990). Olson, Bates, and Bayles (1984) likewise found that envi-
ronmental contributions to 24-month toddler development depended on stability in the
environment between 6 and 24 months. Although longitudinal data in the first 6 months
provide evidence for unique early, unique later, and combined early and late experiential
effects between mothers and infants, for the most part it is typical for children to be reared
in stable environments (Holden & Miller, 1999), so that cumulative experiences are very
likely (Collins, Maccoby, Steinberg, Hetherington, & Bornstein, 2000).

These models of parenting effects notwithstanding, the transaction principle asserts that
experiences shape the characteristics of an individual through time just as, reciprocally,
the characteristics of an individual shape his or her experiences. Thus, the importance
and pervasiveness of “infant effects” on mothers are well recognized (e.g., Bell & Harper,
1977). In some degree, infants influence which experiences they will be exposed to, as
well as how they absorb and interpret those experiences, and, so, how those experiences
might ultimately affect them. Infant and mother bring distinctive characteristics to, and
infant and mother alike change in distinctive ways as a result of, their mutual interac-
tions; both mother and infant then enter future interactions as “different” individuals.
Maternal sensitivity does not exert a direct and singular effect on infant attachment secu-
rity; rather, infant temperament and maternal sensitivity operate in tandem to affect one
another and the attachment status of babies (Seifer et al., 1996). In essence, transactional,
goodness-of-fit models best explain the development of attachment relationships (Cassidy,
1994) and much else in infant development.

In overview, the nature of mother–infant interactions appears to be specific rather than
general, and different patterns of association between the two ensue over time. Mono-
lithic conceptualizations of parenting fail to acknowledge the range and diversity in 
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mothering content and style, and hence overlook the possibility that different mothers
emphasize or encourage different modes of engagement and different developmental 
outcomes in their infants. Even in a particular form of parenting (e.g., contingent 
responsiveness), mothers differ substantially in the ways they express themselves behav-
iorally: Different mothers can be equally “responsive” overall, but still differ in the sorts
of activities to which they respond and in the contents of their responsiveness. Different
theoretical models define the temporal patterning of mother–infant associations, and it
is probable that each model accurately portrays some aspects of mother–infant interac-
tions for some domains of infant development. Whether or not early or later interactions
exert unique, combined, or transactional effects depends on the developmental achieve-
ment being investigated and the window of time within which that achievement is
assessed.

The Ecological Context of Mother–Infant Interaction

Mothers are the persons primarily responsible for infant rearing (Barnard & Martell,
1995; Bianchi, 2000); moreover, although infants do influence mothers, in the balance
of mutual influence maternal effects outweigh infant effects in terms of the variety, com-
plexity, and consistency of influence. In assessing the framework of mother–infant inter-
actions, therefore, we focus principally on mothers.

Our best understanding of mother–infant interaction is informed by an ecological view
in which multiple factors – some distal, others proximal to mother and infant – are con-
ceived to contribute to the emergence, ontogenetic course, and eventual character of
mother and infant activities with each other. Furthermore, a multivariate systems
approach allows us to parse the independent and interdependent roles of these different
sources of influence on mother–infant interaction. The origins of variation in maternal
behaviors are extremely complex, but certain factors seem of paramount importance,
including characteristics in infants, biological determinants and psychological function-
ing in mothers themselves, and contextual influences, such as family situation and
support, socioeconomic status, and cultural ideology (Belsky, 1984; Bornstein, 1988,
1995). For example, the accumulation of risk or protective factors in the ecological
context determines the extent to which competent mothering is or is not supported
(Sameroff, Seifer, Barocas, Zax, & Greenspan, 1987).

Infant Effects

By virtue of their helplessness and “babyish” characteristics, which are structural and uni-
versal, infants appear to elicit heightened attention and nurturance from their mothers
(Lorenz, 1935/1970). The nature of infancy is change, and normative developments 
in infancy, even such elementary ones as gaining the ability to stand upright and walk,
also influence the nature and quality of parenting (e.g., Biringen, Emde, Campos, &
Appelbaum, 1995). During infancy, the child transforms from an immature being unable
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to move his or her limbs in a coordinated manner to a more mature one who controls
complicated sequences of muscle contractions and flections in order to walk, reach, or
grasp; and from one who can only cry or babble to one who makes his or her needs and
desires clear with remarkably articulate language. These ontogenetic changes no doubt
alter the experiences of infants. Every infant also develops at his or her own rate, and the
ages at which individual infants achieve developmental milestones vary enormously, just
as infants of a given age vary among themselves on nearly every index of development.
Infants differ amongst themselves in temperament, emotional regulation, and social style.
These individual differences characteristic of early personality influence parenting and
thereby exert both direct and indirect influences on the infant’s development. For
example, mothers of irritable infants show them less visual and physical contact and less
responsiveness and less involvement over time when compared to mothers of nonirri-
table babies (van den Boom & Hoeksma, 1994). Both normative change and individual
differences in infants can in these ways affect the job parents do. Certainly, dynamic devel-
opmental change in the context of individual variation among infants challenge and shape
parenting in every domain of interaction.

Maternal Biology and Psychological Functioning

Basic physiology is mobilized to support parenting, and several aspects of mothering are
believed initially to arise out of biological processes associated with pregnancy and par-
turition. For example, pregnancy causes the release of hormones thought to be involved
in the development of protective, nurturant, and responsive feelings toward offspring
(Rosenblatt, 1995). Prenatal biological characteristics – age, diet, and stress level – affect
postnatal parenting as well as infant development (Heinicke, 1995). In addition, human
beings appear to possess some intuitive knowledge about parenting; that is, some char-
acteristics of parenting may be “wired” into the biological makeup of the species
(Papoušek & Papoušek, 1995). For example, mothers speak to babies, even though they
know that babies cannot understand language and will not reply, and mothers even do
so in a special vocal register of “child-directed speech.”

Mothering equally draws upon transient as well as enduring personality characteris-
tics, including intelligence and personality as well as attitudes toward the parenting role,
motivation to become involved with children, and childcare and childrearing knowledge
and skills. Some personality characteristics that favor good mothering include well-being,
empathic awareness, predictability, responsiveness, and emotional availability. Psychologi-
cal status can support or inhibit felicitous mother–infant interactions. Mothers who feel
efficacious and competent in their role as parents are more responsive (Parks & Smeriglio,
1986; Schellenbach, Whitman, & Borkowski, 1992), more empathic, less punitive, and
more appropriate in their developmental expectations (East & Felice, 1996). Perceived
self-efficacy is likely to affect parenting positively because mothers who feel effective vis-
à-vis their infants are motivated to engage in further interactions which in turn provide
mothers with additional opportunities to understand and interact positively and appro-
priately with their infants (Teti, O’Connell, & Reiner, 1996). Mothering is also marked
by challenging demands, changing and ambiguous criteria, and frequent evaluations, and
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the demands of mothering may become overwhelming in the presence of a mother’s com-
promised psychological functioning. For example, depression adversely affects a mother’s
ability to parent competently (Bowlby, 1973; Downey & Coyne, 1990; Field, 1995).
Depressed mothers are generally less responsive and communicative with their infants
(Cohn, Campbell, Matias, & Hopkins, 1990) and are more likely to yell at or physically
punish their children (Dumas & Wekerle, 1995; Jackson, 1993). Depressed mothers are
more inconsistent and less likely to provide discipline, structure, or rule enforcement
when compared to nondepressed mothers (Goodman & Brumley, 1990). Unsurprisingly,
maternal depression adversely affects the synchrony of mother–infant interactions (Field,
1995). Self-efficacy appears to mediate the effects of certain risk factors on maternal sen-
sitivity, including maternal depression and parenting a child with special needs (e.g., pre-
mature and medically ill infants; Teti et al., 1996).

Reciprocally, becoming a mother can enhance a woman’s psychological development,
self-confidence, and sense of well-being. Mothering can augment self-esteem and fulfill-
ment and provide ample occasion to test and display diverse competencies. Mothers often
find interest and derive pleasure in their relationships and activities with their infants.
Furthermore, mothering translates into a constellation of new trusts and often affords a
unique perspective on the “larger picture” of life.

Social Support

Mother–infant interactions are embedded in a nexus of multiple contexts and environ-
ments that contribute in critical ways to promote and support infancy (Bronfenbrenner,
1979). Of particular relevance to the mother–infant relationship is a mother’s support
network. Social support consists of the people that mother considers important in her
life, including her spouse or significant other, relatives, friends, and neighbors (Jennings,
Stagg, & Connors, 1991). These networks may provide a coping resource to mothers 
by offering emotional support, advice, guidance, and practical help (Vaux & 
Harrison, 1985). Mothers with more supportive networks are better able to meet their
own needs, and consequently better able to meet the needs of their children (Cochran 
& Niego, 1995). Social support can improve parenting satisfaction, affecting the avail-
ability of mothers to their infants as well as the quality of mother–infant interactions
(Bradley & Whiteside-Mansell, 1997). Social support networks of mothers in part deter-
mine the quality of parenting, and therefore influence child development indirectly
(Belsky, 1984; Crnic & Greenberg, 1987; Hall, Gurley, Sachs, & Kryscio, 1991;
McLloyd, 1990).

In many families, support from husbands has been found to have the most general
positive consequences for maternal competence, family dynamics, and infant outcomes.
In nuclear families, in which mother and father are both present in the infant’s life, parents
influence their infants by virtue of their influence on each other. Such indirect effects on
infant development are more subtle and less noticeable than direct maternal effects, but
perhaps no less meaningful. The ways in which spouses provide support and show respect
in parenting, how they work together as a co-parenting team, may have far-reaching con-
sequences for infants and children (Fincham, 1998). For example, the quality of
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mother–child and father–child relationships and child outcomes are all affected by marital
quality and father involvement (Gable, Crnic, & Belsky, 1994; Tamis-LeMonda &
Cabrera, 1999). The presence of a supportive partner in the home is associated with con-
sistency in discipline, more patience, and less exhaustion in mothers (Furstenberg, Brooks-
Gunn, & Chase-Lansdale, 1989; Lamb, Sternberg, & Thompson, 1997; Marsiglio, 
1995) and moderates the effects of infant difficulty on maternal depression (Cutrona &
Troutman, 1986) and sensitivity (Crnic & Greenberg, 1987).

Maternal support networks are especially crucial to woman and children living in at-
risk circumstances such as poverty. Often, poorer mothers exist in inadequate support
networks (McLoyd, 1990); nearly 70 percent of women on welfare are unmarried when
they have their first child (Tamis-LeMonda & Cabrera, 1999). Empirically, social support
moderates relations between poverty and maternal punitiveness, sensitivity, satisfaction,
and life stress (Crnic, Greenberg, Robinson, Ragozin, & Basham, 1983; Hashima &
Amato, 1994; Miller-Loncar, Erwin, Landry, Smith, & Swank, 1998).

Socioeconomic Status

At a more distal level, socioeconomic status (SES) affects the mother–infant relationship.
Mothers in different SES groups behave similarly in certain parenting domains, however
SES – perhaps through differential provisions in the environment and education 
of mothers – also orders home circumstances and other attitudes and actions of 
mothers toward infants. In many cases, low SES is considered a risk factor in children’s
development on account of its detrimental effect on the quality of mother–infant 
interaction (Dodge, Pettit, & Bates, 1994). The numerous negative circumstances 
associated with poverty are thought to compromise a mother’s ability to engage in 
sensitive, consistent, and involved parenting (McLoyd, 1990). Low SES adversely 
affects mothers’ psychological functioning and promotes harsh or inconsistent discipli-
nary practices (Conger, McMarty, Yang, Lahey, & Kropp, 1984; McLoyd & Wilson,
1990; Simons, Whitbeck, Conger, & Wu, 1991). Relations between social class 
and mothers’ language (e.g., Hoff-Ginsberg & Tardif, 1995), specific parenting practices
(e.g., Garbarino & Kostelny, 1993; Hart & Risley, 1992), and developmental 
expectations, theories, and values (e.g., Sameroff & Feil, 1985) have been identified. 
In general, the challenges to rearing an infant are exacerbated by sociodemographic 
risk. More generally, a fruitful way of examining social-class differences in early devel-
opment has been advanced by Kohn (1987), who suggested that, both within and 
across cultures, parents try to inculcate values that will maximize their children’s chances
of success in the social station in which the children are likely to find themselves as 
mature adults.

Cultural Ideology

Cross-cultural investigation shows that virtually all aspects of mothering infants – beliefs
and behaviors – are shaped by culture. Interwoven in all contents and styles of mother-
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ing are the values, beliefs, and customs of the larger culture in which mother–infant inter-
actions take place (Bornstein et al., in preparation). For example, the extent to 
which mothers “play” with their infants as well as their goals in play vary with culture;
thus, even the elementary act of a mother demonstrating how a toy works to her infant
carries with it cultural meaning (e.g., Bornstein, Haynes, Pascual, Painter, & Galperín,
1999). Mothers not only communicate information to their infants about the features 
of the specific toy, but also convey information about the role of toys and how social part-
ners in a society co-construct knowledge. Gönçü and Mosier (1991) studied mothers’
views about the importance of play in children’s early development across various cultures
and also assessed the extent to which mothers actually engaged in play with their young
children. Middle-class US and Turkish parents think of themselves as play partners for
their children and, consistent with such views, participated in frequent pretend play with
their children. In contrast, Mayan Indians think of play as exclusively a child’s 
activity, and in line with this belief Mayan mothers engaged in little or no pretense with
their children.

Culture influences mothering practices and patterns (and, in turn, infant development)
from a very early age in terms of when and how mothers care for their infants and 
which behaviors mothers appreciate and emphasize. Reciprocally, infants begin to build
their initial knowledge of the world, of persons, and of events during those self-
same social exchanges with their mothers. Even with generally similar ultimate goals of
successful childrearing, cultures often contrast in terms of the types of competencies
mothers promote in infants, the paths mothers follow to instill in infants the desire to
achieve those goals, and the developmental timetables mothers wish their infants to 
meet. Thus, the most basic and concrete features of infant development are affected 
by culture, as are the most subtle and abstract. Rebelsky (1967, 1972) found that 
Dutch infants, who are physically stimulated by their mothers less than US American 
infants, scored lower than US Americans on scales of psychomotor ability; by con-
trast, Super (1976) found advanced sitting, standing, and walking among Kenyan 
Kipsigis babies, where Kipsigis mothers deliberately taught their infants to sit, stand, 
and walk. (Super, 1976, also found that Kipsigis infants reared in the manner of 
European babies lose the advantage of their traditionally reared, genetically similar 
compatriots.)

Central to a concept of culture is the expectation that different peoples possess dif-
ferent ideas as well as behave in different ways with respect to childrearing. To the extent
that internalized constructs are shaped by culture, parenting views reflect cultural ideo-
logies that parents uphold and transmit to their children. In other words, parents’ cog-
nitions implicitly guide parenting interactions which in turn affect infant development
(Bornstein, 1991; Bornstein et al., 1996; Goodnow, 1995; Goodnow & Collins, 1990;
McGillicuddy-De Lisi & Sigel, 1995; Toda, Fogel, & Kawai, 1990). The general view is
that culture informs ideas that in turn generate behaviors or mediate their effectiveness.
Thus, culture helps to organize the world of parenting because cultural ideas affect
parents’ sense of self and competence in their role and shape their priorities; in a larger
sense, cultural ideas contribute to the “continuity of culture” by helping to define culture
and the transmission of cultural information across generations. Goodnow (1995)
observed that parents encounter the prevailing views of their social group both before and
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after they become parents and often appropriate those views ready-made from the culture
at large. Views about activities that are central to children’s development, and the ways
that parents foster development in their children, are, to some extent, therefore cultur-
ally determined. Moreover, LeVine (1988) contended that parenting beliefs might be
especially conservative cultural constructs. That said, most cross-cultural studies of moth-
ering have focused on parenting behaviors rather than on cognitions that might guide
those behaviors (e.g., Cote & Bornstein, 2000; Franco, Fogel, Messinger, & Frazier,
1996). However, understanding human behavior advances when the meanings that actors
assign behaviors are better understood.

In research with Latino and European American families in the United States,
Harwood, Miller, and Irizarry (1995) found that, over and above socioeconomic factors,
European American mothers underscored the importance of values such as independence,
assertiveness, and creativity when asked to describe an ideal child. Latina mothers, in 
contrast, underscored the importance of obedience and respect for others. In line with
these values, US mothers were observed to foster independence in infants in a variety of
ways; for example, during naturalistic mother–infant interactions during feeding, US
mothers encouraged their infants to feed themselves at 8 months of age, sometimes leaving
them in a highchair with food and utensils. In contrast, Latina mothers held their 
infants closely on their laps during mealtime and took control of feeding them meals
from start to finish.

Cross-cultural investigations between Japan and the United States illustrate the ways
that mother–infant interactions support larger cultural goals (Bornstein, Azuma et al.,
1990; Bornstein, Toda et al., 1990). US mothers encourage and respond more to infant
object orientation, and the content of mothers’ responses is more often didactic. 
That is, when infants in the United States look at or explore objects in their surrounds,
mothers support those explorations and attempt to maintain the infant’s interest on the
objects they explore by showing infants how objects work or what can be done with them.
In contrast, Japanese mothers respond more to their infants’ social bids, and their
responses tend to be oriented around the dyad. That is, Japanese mothers more often
encourage face-to-face social exchanges with their infants. Sequential analysis of
mother–infant exchanges showed that Japanese mothers tended to encourage their infants
to attend to them even when their infants were actively engaged in exploring objects of
the environment (Bornstein, Azuma et al., 1990; Bornstein, Toda et al., 1990). A com-
parison of the base-rate frequencies with which infants vocalized, looked at their mothers,
and looked at and/or touched objects in the two cultures showed that infants behaved
similarly, providing mothers with equivalent starting points. Thus, the contrasting
emphases by mothers in the two cultures, on object versus social engagements, did not
simply spring from differences in infant behaviors, but were consonant with larger 
cultural goals.

In overview, mother–infant interactions do not unfold in a vacuum. Divergent styles
of mothering can best be understood in an ecological framework that takes into account
infant effects, the mother’s own biology and psychological functioning, social supports,
social class, and cultural ideology. To interpret meaning in patterns of mother–infant
interaction, it is critical to discover why parents parent the way they do and to elucidate
the values they find to be important.
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Conclusions

Parenting is central to childhood, to child development, and to society’s long-term invest-
ment in children. For new mothers, the first years with an infant constitute a period of
adjustment and transformation; for infants, interactions with mothers constitute critical
experiences in development. Moreover, certain enduring psychological characteristics of
the individual are believed to arise early in life, and the nature of mother–infant interac-
tion is thought to contribute at least one important source of their development. As a
result, mother–infant interactions have often been looked to in attempts to address fun-
damental questions about human origins and development. A better understanding of
the nature of the human being is afforded by examining mother–infant interaction and
its consequences in the period of the dyad’s initial accommodation – the unique and spe-
cific influences of mother on infant and of infant on mother.

Mother–infant interactions command attention for several reasons. First, they are sig-
nificant in themselves because infancy is a critical period in the life cycle, characterized
by noteworthy developments in emotional, social, communicative, and cognitive com-
petencies. Mother–infant interactions serve as the prime context for these early achieve-
ments. Second, who infants are and what they do influence their social interactions with
mothers, and in indirect ways infants affect their own development. Third, the experi-
ences of infancy (separate from continuing post-infancy experiences) are principally pro-
vided by mothers and may endure, influencing the rate, course, and perhaps eventual
resting level of subsequent development. Focus on mother–infant interaction is also por-
tentous for practical reasons. Appreciating factors that affect infant development (as well
as those that do not) promises to inform efforts at intervention and remediation. Infancy
is a time of vulnerability; it is formative in habit development; and it may be founda-
tional for decision making for the balance of the life course.

As Winnicott (1965) keenly observed, infants cannot exist alone. Rather, infants can
exist only with their mothers (or other caregivers). In turn, infants and mothers do not
exist alone, but are embedded in larger social contexts that include family members, com-
munities, social class, and culture. Moreover, mothers change in their persons and posi-
tions, and infants constantly develop, and each influences the other so that elements of
who infants were yesterday, who they are today, and who they will be tomorrow are in
constant transformation. To fathom the nature of mothering and mother–infant rela-
tionships within families therefore calls for a multivariate and dynamic stance. Only mul-
tiple levels of analysis can adequately capture the individual, dyadic, and family-unit forces
on development and reflect the embeddedness of mother and infant within all relevant
extrafamilial systems. The dynamic aspect involves the many different developmental tra-
jectories of mother and infant that unfold through time.
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Chapter Eleven

First Attachments: Theory and Research

Dymphna van den Boom

Introduction

Despite a long history of scholarly interest in mother–infant attachment (Adams, 1886),
it is only in the twentieth and twenty-first centuries that the ability to form relationships
has been scientized. Work on the child’s first relationship in particular has become an
important growth area in the past few decades.

Within developmental psychology attachment theory and research are most con-
cerned with the evolutionary heritage that human beings bring to the early mother–
infant relationship. It also considers the first period of childhood as most relevant 
for adult personality formation, without suggesting that childhood experiences 
leave indelible marks that later experiences cannot correct or obviate. If so, then the 
individuals with the largest potential impact on children would arguably be the 
parents. These are the basic data from which much of attachment theory and research
proceed.

This chapter reviews theory and research on the development of children’s attach-
ment relationships, focusing especially on infancy. The principal approach to explain 
this development – ethological attachment theory – is described first and compared to
new viewpoints from psychobiology and evolutionary ecology. Reviews of each theory 
summarize key constructs and evidence, recent advances, and strengths and limita-
tions. A sampling of studies that were conducted during the most recent generation 
of attachment research is organized and reviewed in relation to two kinds of research
objectives: (1) assessment and origins of attachment, and (2) precursors of internal
working models. The chapter then concludes with some guesses about the future of 
the field.
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Explanations of Attachment

Attachment conveys the idea that an infant has acquired a special emotional relationship
with those who care for him or her, and experiences pleasure or security in their pres-
ence, but anxiety and distress when they are gone. Attachments are established through
interaction with caregiving adults and they vary in quality depending upon the nature of
the interaction. Although the physical presence of the mother is ameliorative, her psy-
chological availability is even more so (Sroufe & Waters, 1977).

Attachment theory is based in part on biological considerations concerned with the
selective forces that probably acted in our environment of evolutionary adaptedness
(Bowlby, 1969). For instance, in our evolutionary past, the so-called irrational fears of
childhood must have been adaptive for an infant. Nowadays, human development occurs
in diverse cultural environments. Modern ecological niches may or may not be within
the range of our environments of evolutionary adaptedness. And behavior that was once
biologically adaptive may be so no longer (Hinde & Stevenson-Hinde, 1990).

While considerations of biological adaptation throw considerable light on the nature
of human behavior, cultural considerations have taken on increasing importance. 
Cultural values may have a profound effect on the relationship between the child and his
or her caregiver, too. These cultural imperatives may coincide with, or run counter to,
biological ones (Hinde & Stevenson-Hinde, 1990). Culture, however, is not to be seen
as something imposed on individuals. Rather, the propensities that give rise to culture
must themselves be seen as products of natural selection. Individuals, shaped by an inter-
play between biological and environmental factors, themselves play a part in determin-
ing the nature of the cultural climate in which they live. Human culture is not at all easily
separable from human biology. In humans the two are inextricably entangled (Richerson,
1997).

In the lively debate about the evolutionary reasons for attachment there have been two
major explanations – besides Bowlby’s ethological theory – that have predominated: 
psychoanalysis, by suggesting that infants become attached to the people who satisfy 
their need for food, and secondary drive models, by suggesting that infants become
attached to people who satisfy their drive for hunger. It was believed that as a result of
the repeated association between the gratification of hunger and the presence of the
mother the child would be classically conditioned to view the mother in positive terms
and to seek to interact with her even when she was not providing nourishment. 
Since discussion of these two perspectives has been dealt with most in the past, they 
will not be taken as the point of departure in the present chapter. See, however, 
Westen (1998) and Steele and Steele (1998) for recent revivals of psychoanalytic 
accounts of attachment phenomena. Instead we will focus on approaches that served as
cornerstones of Bowlby’s (1969) attachment theory, but that need some rethinking
because of the updating of psychobiology and evolutionary ecological theory. These 
perspectives may contribute valuable new insights into the development and functioning
of attachment. First, we will recapitulate the basic tenets of ethological attachment 
theory.
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Ethological Attachment Theory

Based on his clinical experience (Bowlby, 1944) and observations of the effect of the
forced institutionalization of many children caused by the two world wars in Europe
(Bowlby, 1951), Bowlby became convinced that early family relationships shape person-
ality development. His attachment theory, which is concerned with the broad principles
of the mother–child relationship, is based on concepts derived from a number of sources
such as psychoanalysis, cybernetics and information theory, but above all by ethology,
with its emphasis on the evolutionary origins and biological functions of behavior
(Bowlby, 1969, 1973, 1980).

By virtue of its genetic endowment the young child develops attachments to its care-
takers, according to Bowlby. The function of this behavior can only be understood in
relation to the environment of evolutionary adaptedness. The general assumption is that
many aspects of the behavior of infants and mothers have been shaped by natural selec-
tion. Within such an adaptationist perspective, attachment behaviors are viewed as having
evolved as a response to particular environmental stresses. Though such behavior may
seem to be irrational today, in our evolutionary past, anxiety over actual or threatened
separation from the mother and security in maintaining proximity with her must have
been crucial for survival for an infant and thus adaptive (Hinde & Stevenson-Hinde,
1990). Of course, such behavior will only be effective if the parent reciprocates the child’s
behavior. Therefore, natural selection acted to elaborate attachment behavior systems in
complementary fashion in both parent and infant.

The various types of attachment behavior are seen as integrated by an attachment
behavior system. A behavior system is a software description of the relations between
behavior and its initiating and terminating conditions. It is seen as the immediate cause
of behavior. The attachment behavior system is distinct from, but interacting with, other
systems such as affiliation, exploration, and fear (Bowlby, 1969; Gubler & Bischof, 1990).
Bowlby also emphasized the importance of cognitive, affective, perceptual, and motor
systems for attachment. Attachment is viewed as a goal-corrected system that becomes
increasingly flexible with age. Rather than characterizing attachment as a rigid, instinc-
tive, and stereotyped behavior system, it is seen as the result of a complex interplay of
behavioral systems that is able to provide a graded response to environmental events
(Hinde, 1982).

For the cognitive side of attachment Bowlby draws extensively on control systems
theory to describe the dynamics of the attachment relationship. The degree to which
infants attempt to attain proximity with their attachment figure depends on a variety 
of internal and external circumstances. For example, if there is a stranger present or 
the child is in unfamiliar surroundings, there will be increasing attempts to maintain
contact. Or if the child is tired and irritable it may be more likely to be distressed by 
the absence of its mother. The child behaves as if there is a set point, such that if 
the caretaker goes beyond it or if the set point itself is altered by the presence of 
strangers or unfamiliar surroundings, then the attachment behaviors of the child are trig-
gered. Hence, attachment is a highly flexible response to changing environmental 
conditions.
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In the course of the first two years in particular attachments go through some 
marked developmental changes. Bowlby identified four stages for viewing these changes.
Initially, infants display a range of diverse attachment behaviors, which are purely indis-
criminative. In this phase of social orientation lasting from birth to 8–12 weeks all behav-
iors serve to promote proximity to a protective caretaker. In due course infants come to
distinguish their regular caretakers from other people. In this period of discriminating
sociability (to about 6–8 months) familiar people will elicit attachment responses more
readily and more intensely than strangers will. It is not till the third quarter of the first
year that unequivocal indications of full-blown attachments appear. The diverse attach-
ment behaviors now become focused on specific individuals only, while unfamiliar people
are likely to be greeted with wariness or even fear. Separation upset appears at this age.
Once attachment relationships have emerged they undergo further change, which takes
place largely in tandem with cognitive developments. Children become increasingly
sophisticated in their ability to behave intentionally, plan their actions in the light of
goals, and take into account the feelings and goals of the other person. Beginning during
the third or fourth year children now form what Bowlby referred to as a goal-corrected
partnership.

One further development that has received increasing attention in recent research con-
cerns internal working models. As children become capable of representing the world 
to themselves in symbolic form, they form models of themselves, of significant others,
and of the relationship they have with others. Such models, which enable the child 
to anticipate the other person’s behavior and plan an appropriate line of response, are
increasingly used to guide the child’s actions. Internal working models are built up on
the basis of experience with particular attachment figures and reflect the quality of the
relationship with that figure. A parent who consistently pushes the positive buttons is
likely to have a child who develops a scheme of its caretaker as sensitive, responsive, and
a source of security and support. As a result the child will expect the mother to be pre-
dictably available as a haven of safety and develop positive emotions toward her. This 
cognitive prototype is then carried forward and affects the child’s expectations and 
likely responses of other people. Once formed, therefore, the model is imposed like a
template onto new interactions. However, if experience repeatedly disconfirms the 
child’s expectations the model will need to be adapted and reformed. Internal working
models are constructed of all-important aspects of the world, but none are as important
as those involving the child’s interpersonal relationships. This is especially so because 
the child’s model of the self is built up through such relationships. A punitive, rejecting
mother will leave the child with a sense of failure and lack of worth. If the self is 
not acceptable in the eyes of the attachment figure the experience will have negative
impact on the way in which the child construes its own image. Thus the working models
of self and attachment figures develop in complementary fashion, and the attachment
relationship consequently has psychological implications well beyond the relationship
itself.

If one is concerned, as Bowlby was, with the broad principles of mother–infant inter-
action, his evolutionary scenario is a reasonable one. However, since we are now con-
cerned with the nature of individual differences between mother–infant relationships, it
is necessary to be increasingly sophisticated in our biological theorizing. After a descrip-
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tion of the assessment of attachment we will turn to such a more sophisticated psy-
chobiological view on attachment.

Assessing attachment: Individual differences

The development of the Strange Situation (Ainsworth & Wittig, 1969) was a major step
forward in the study of attachment relationships. It was based on Ainsworth’s recogni-
tion that the security or insecurity of attachment constituted a crucial aspect of individ-
ual differences in such relationships. In brief, it comprises a series of episodes in which
the infant can explore or interact with an unfamiliar adult in the presence or absence of
the mother. Ainsworth described three patterns of the infant’s response to reunion
episodes with the mother. Children who showed mild protest following the departure of
the mother, seek the mother upon her return, and are easily placated by her are regarded
as securely attached (type B). Infants who do not protest maternal departure, and who
do not approach the mother when she returns, are labeled insecure-avoidant (type A).
Finally, children who become seriously upset by the departure, and who, though seeking
contact with the mother, resist her attempts to soothe them, are regarded as insecure-
resistant (type C). The original threefold typology has been amended somewhat, first by
introducing subdivisions into the existing categories and then by adding a fourth, com-
pletely new category, referring to insecure-disorganized (type D) infants (Main &
Solomon, 1986, 1990). Disorganized infants appear to lack a coherent strategy for man-
aging exploration and attachment. In addition they engage in odd behaviors (e.g., cov-
ering face with hands, freezing, turning in circles), which are only explicable in the context
of fear or confusion in the presence of the mother. Recently, new procedures have been
developed for use post-infancy (see Thompson, 1998, for a review).

The Strange Situation has become a standard form of measurement in attachment
research allowing an analytical empirical approach of Bowlby’s theorizing. This procedure
has provided extensive data about the balance between attachment and exploratory behav-
ior and about the eliciting and terminating conditions for attachment behavior. It fur-
thered international communication and exchange of empirical data across studies and
countries. Despite these manifest strengths, however, some reservations have been articu-
lated concerning this measure (Lamb, Thompson, Gardner, & Charnov, 1985; Lamb,
Thompson, Gardner, Charnov, & Estes, 1984). To begin with, it is very dependent on
brief separations and reunions having the same meaning for all children. This may be a
constraint when applying the procedure in cultures where childrearing practices differ
from those in the United States, for example, in Japan (Miyake, Chen, & Campos, 1985),
or in Israel (Sagi et al., 1985). Questions have also been raised about whether independ-
ent behavior is mistakenly judged to be evidence of avoidance, especially in cases of
routine nonmaternal care (Clarke-Stewart, 1989). A further reservation concerns the pos-
sible role of the child’s temperament on attachment classification. Despite the fact that
the question that the vulnerability to stress might account for observed differences in 
the Strange Situation rather than qualitative variations in attachment security has been
much debated (e.g., Belsky & Rovine, 1987; Kagan, 1984), the issue remains unsettled.
Although it is unthinkable that an individual attribute as general as temperament would
not affect behavior in any situation, it may be no more than one influence among several
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(Schaffer, 1996). Unfortunately, as a matter of convenience, the Strange Situation seems
to have become the attachment situation that can be used for all kinds of attachments
from mothers to infants (Ainsworth, Blehar, Waters, & Wall, 1978), from infants to inani-
mate objects (Passman, 1987), and even from owners to dogs (Topál, Miklósi, Csányi,
& Dóka, 1998). Moreover, it has served as a substitute for rather than an adjunct to field
observation (Waters, 1981).

The stability of attachment classification has been investigated both over time and with
the same person, but also between different individuals at the same point in time. The
first series of inquiries elucidated considerable stability in attachment classification in
stable, relatively stress-free family situations (Waters, 1978). More recent research demon-
strates a variety of stability estimates both in middle-class and lower-income samples (see
Thompson, 1998, for a review of these studies). Although stability was initially equated
with reliability, it remains unclear why that should be the case. First, both outside events
and developmental changes may alter the nature of the parent’s interaction with the child.
Second, why should one expect temporal stability in a theory that is concerned with the
development of attachment? Stability of attachment across persons need not be expected
either, in so far as attachment classifications are supposed to reflect something about the
relationship. And indeed, a meta-analysis by van IJzendoorn and de Wolff (1997) uncov-
ered a modest similarity of infant attachments to mother and to father, that is, infant
attachment security did not appear to generalize substantially across relationships within
the family. Also in Schneider Rosen and Burke’s study (1999), the stability coefficient
achieved conventional levels of significance, but there remained noteworthy instability.
Infants seem to develop qualitatively different attachment relationships with mothers and
fathers (Cox, Owen, Henderson, & Margand, 1992; Volling & Belsky, 1992). There is
also no guarantee that a given child’s attachments are all of the same quality, as is shown
in studies with caregivers outside the home. Their security is generally independent 
of the security of the attachment relationship with the parent (e.g., Goossens & van 
IJzendoorn, 1990; Howes & Hamilton, 1992a,b; Howes, Rodning, Galluzzo, & Myers,
1988; Sagi et al., 1985; van IJzendoorn, Sagi, & Lambermon, 1992). Furthermore,
attachments with extrafamilial caregivers appear to have unique psychosocial correlates
that are independent of, or interact with, the effects of mother–infant attachment secu-
rity (Howes et al., 1988; Oppenheim, Sagi, & Lamb, 1988; van Ijzendoorn, Sagi, et al.,
1992). In sum, concordance of attachment type across different relationships is not a nec-
essary condition, because whatever is measured in the Strange Situation is specific to par-
ticular relationships and reflects the nature and history of that relationship.

Psychobiological Attachment Theory

Psychobiological perspectives on attachment (e.g., Hofer, 1994a; Kraemer, 1992; Polan
& Hofer, 1999) focus primarily on its neurobiological basis. They provide a new view of
how the infant’s tie to the mother first develops. In addition, separation from the mother
is put into a new perspective. Although psychobiological processes underlying the
parent–infant relationship have been examined mainly in other species, they provide a
comparative perspective and suggest how attachment in humans evolved.
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Bowlby hypothesized that the formation of attachment in infants is an imprinting-like
process comparable to bond-formation in birds. However, in his theory the actual
processes involved in the acquisition of behaviors that keep infants close to their mothers
remained unknown. In the psychobiological approach psychological and biological
processes are assumed to merge into each other within the mother–infant interaction,
that is, both the infant’s behavior and physiology are regulated by the caregiver (Hofer,
1987). Different components of the interaction (e.g., warmth, nutrients, olfactory or
tactile stimulation) regulate different behavioral and/or physiological systems, indepen-
dently of each other. The fact that infant and mother stay close and interact intensely
with each other creates the setting in which these so-called “hidden” regulators can
develop (Hofer, 1994b).

Although since Harlow (1958) the role of feeding and nursing in attachment has gen-
erally been downplayed, the feeding context provides a compelling example of the linkage
of the homeostatic systems of mother and infant into a superordinate organization. On
the one hand, the regulation of the infant’s physiology is being partially delegated to
processes within the relationship with its mother. The mother, in turn, is dependent on
the infant’s behavior for her to be able to carry on her role as a supplier of milk. In a
strict sense, the secondary-drive theory of attachment – which postulates that attachment
owes its origination solely to association of the mother with milk reward – is wrong. But
in a deeper sense, all the interactions with the mother that normally lead to suckling,
acting in concert with milk reward, provide the momentum that drives the formation of
the infant’s attachment (Kraemer, 1992).

Behavioral systems that maintain an infant in close proximity to the mother do not
fulfill the criteria for a fully developed attachment system. Another essential component
is a particular set of responses to maternal separation. Bowlby proposed that when an
attachment system is sufficiently developed, the infant perceives separation from the
mother as a signal of danger. The affect of security, established during the previous close
interactions with the mother, is now replaced by the affect of fear and the behaviors and
physiological changes that express this state. Separation anxiety, Bowlby reasoned, is acti-
vated when attachment behaviors are elicited but fail to result in the infant’s reaching the
appropriate terminating stimuli for it. Thus the explanation of the separation response
afforded by attachment theory depends not only on the development of an attachment
system, but also upon an infant that is capable of perceiving the danger signal of separa-
tion and of responding affectively to it. The behavioral and physiological changes induced
by separation are viewed as parts of an integrated psychophysiological response, as is com-
monly understood to occur in emotional responses to stress.

Psychobiologists provide a different explanation for the early responses of infants to
separation – one based upon loss, rather than upon a response to a signal of danger inher-
ent in the event of separation, or a response to disruption of an affective bond. Central
to this new understanding is the idea described above that certain components of 
the mother–infant interaction regulate the infant’s behavior and physiological systems.
The loss of these “hidden” regulators in maternal separation can produce behavioral and
physiological changes in the infant resulting in the patterns of changes known as the
“protest” and “despair” phases of separation. Release from regulatory controls within 
the mother–infant relationship provides a way of understanding the response to separa-
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tion independent of recognition of a danger signal or disruption of an inferred affective
bond (Polan & Hofer, 1999).

Studies with human infants confirm the propositions put forward. Davidson and 
Fox (1989) found that those infants who show right-sided frontal activation in the brain
(measured by EEG) are more likely to cry upon maternal separation. Reactivity of the
hypothalamic-pituitary-adrenocortical system, commonly measured by salivary cortisol,
was used as an indicator of the psychophysiological response to stress by Nachmias,
Gunnar, Mangelsdorf, Parritz, and Buss (1996). These investigators found that 18-
month-olds who were both insecurely attached to their mothers and behaviorally inhib-
ited to novelty showed increases in cortisol in response to novelty and a Strange Situation
session. Spangler and Grossmann (1993) reported higher cortisol levels for insecurely
compared to securely attached infants. Furthermore, infants in the disorganized classifi-
cation had the highest mean cortisol levels, and, compared to the securely attached infants,
the type D infants exhibited greater increases in cortisol over baseline. These findings were
replicated by Hertsgaard, Gunnar, Erickson, and Nachmias (1995) in a sample at risk for
type D attachments. In a longitudinal study, spanning from 2 months to 18 years, a rela-
tion was found between caretaking histories and cortisol regulation. Children who were
exposed to severe caretaking problems during infancy frequently exhibited either unusu-
ally low basal cortisol levels with occasional high spikes, or chronically high cortisol levels
that were associated later with antisocial behavior and anxiety, respectively (Flinn &
England, 1995).

In sum, the discovery of regulatory interactions within the mother–infant relationship
avoids the circularity of the traditional attachment model, in which the response to sep-
aration is attributed to the disruption of the social bond, the existence of which is inferred
from the presence of that same separation response. Early proximity maintenance behav-
iors are much more flexible and complex than Bowlby envisaged, and later they continue
to play important roles in other functions within the relationship rather than becoming
focused entirely on maintaining the “set goals” of an attachment system. Events that were
thought to be central to attachment have been found to be produced by other, independ-
ent mechanisms, for example, the response to separation. Instead of a hierarchical goal-
corrected control system, a self-organizing regulatory system consisting of mother and
infant as a unit is used as a model in the psychobiological perspective in which a great
deal more is regulated than the proximity of the infant to the mother alone (Polan &
Hofer, 1999).

Life History Approach to Attachment

Bowlby’s theory of attachment is heavily dependent on evolutionary theory. It has an
exclusive focus on the differential survival of individuals. Modern evolutionary theory,
however, predicts that parents will care for their children because children share their
parents’ genes and are their parents’ means of propagating their genes to the next gener-
ation. Therefore, life history theory’s focus is on differential reproduction.

The answer to the question of how to explain the course of human development can
be phrased in different ways. One answer would be in terms of proximate (or immediate)
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causes, which is predominant in attachment theory with its primary focus on individual
differences in behaviors that are related to that person’s earlier attachment history (e.g.,
Cassidy & Berlin, 1994; Main, 1991). The other is to resort to ultimate (or remote) causes
more common in evolutionary theories which examine the way in which particular
response patterns have come into being in the course of the millions of years that con-
stitute the history of the species. The basic principle, as originally put forward by Darwin
(1859), to account for this process was that of natural selection. This is the notion 
that members of a species differ from one another in their genetic endowments. Those
variants that equip an organism particularly well to cope with the exigencies of the en-
vironment will be the most likely to be preserved in the struggle for existence and so
become the prevailing type. Genetic variability within each species makes it possible for
characteristics advantageous for survival to be perpetuated. Individuals possessing them
are most likely to succeed in reaching maturity and reproduction. In so far as such char-
acteristics are inherited they can be passed on to offspring, who in turn will have a com-
petitive advantage. Over generations, therefore, species will gradually become better
adapted to the environment in which they live (Schaffer, 1996).

Although a flood of evolutionary theories ensued in the 1970s, life history theory 
has been the driving force behind recent research on the way different patterns of attach-
ment witnessed in children may affect social and personality development, culminating in 
different reproductive strategies in adulthood. Reproduction can take different forms. 
The production of offspring through mating to increase their quantity is one possible type.
Another one is producing relatively few offspring with a high investment in parenting.

To leave descendents, across the life span individuals must solve problems related 
to survival, growth, development, and reproduction with the help of outside factors
(resources). Resources can be physical (e.g., food, shelter), social (e.g., caretakers, peers),
and informational (e.g., novel or familiar stimulation from objects, contexts, or persons).
During development, individuals should invest different amounts of time, energy, and
resources at different rates of expenditure into growth and development versus mating
and parenting, depending on prevailing environmental conditions. Dictated by the nature
of the local environment, “optimal” solutions to problems at earlier stages of develop-
ment (e.g., survival given a specific pattern of attachment) should affect later stages of
development (e.g., mating and parenting). For that matter the control of resources is of
fundamental importance (Charlesworth, 1988). Natural selection will tend to favor mech-
anisms that achieve the optimal allocation of limited resources, but what is optimal may
differ between environments (Chisholm, 1996). For example, in risky or uncertain envi-
ronments a short-term reproductive strategy of maximizing number of offspring in the
current generation may be the optimal strategy. Maximizing the probability of having at
least some offspring who manage to survive and reproduce minimizes the probability of
having one’s own genes vanish from the gene pool. On the other hand, in environments
that are safe and predictable the long-term strategy of consistently producing fewer off-
spring with a high parental investment over many generations may be optimal (Chisholm,
1996).

In humans it seems unlikely that natural selection would lead directly to one optimal
outcome (e.g., secure attachment). Individuals differ and society is complex, and mothers
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and babies will be programmed not simply to form one sort of relationship but a range
of possible relationships according to circumstances. In humans natural selection must
surely have operated to produce conditional maternal and child strategies (Hinde, 1982).
Consequently, there is no a priori “normal” pattern of attachment. Both secure and inse-
cure attachments evolve contingent on ecological and caregiving conditions (Belsky, 1999;
Belsky, Steinberg, & Draper, 1991; Blurton Jones, 1993; Chisholm, 1996; Hinde &
Stevenson-Hinde, 1990).

An implication of life history theory is that there should be a relation between 
early attachment and later reproductive behavior (i.e., mating, parenting) (Belsky, 
1999). Empirical evidence is scarce because it can only be gained from studies of 
lives over time. Although there are few such studies available on attachment, there is 
some speculative evidence. Under conditions of low environmental risk and uncertainty,
the optimal reproductive strategy will be the high-parenting effort strategy of maximiz-
ing future reproduction by investing heavily in relatively few high-quality offspring
(secure attachment). Empirical findings indicate that in secure individuals there is a 
high investment in parenting and stable and satisfying relationships in adulthood 
(Belsky, 1999). Avoidant attachment represents a facultative adaptation to parental
unwillingness (not necessarily conscious) to invest. Maternal rejection which is 
characteristic of the parenting behavior of avoidant mothers may, in terms of ultimate
causation, have been a reliable indicator of the mother’s relative unwillingness to 
invest. Her optimal reproductive strategy is to allocate resources to already existing 
children with greater reproductive value, or to the production of additional offspring.
There are some data that show that avoidant individuals show a higher investment in
mating than in parenting, that is, they engage in sex in the absence of strong feelings 
of love, have sex outside established relationships, and have more than one partner. 
The quality of parenting with their preschool children is low, that is, cold, remote, and 
controlling (Belsky, 1999). Ambivalent attachment represents a facultative adaptation 
to parental inability to invest. The inconsistency inherent in the parenting behavior 
of ambivalent mothers may, in terms of ultimate causation, have been a reliable 
indicator of a mother’s relative inability to invest because of her own inadequate or 
unpredictable resources. Research findings suggest that resistant individuals invest in indi-
rect reproduction, that is, mothering sibs and/or cousins. The quality of interaction with
their offspring is characterized by promoting dependency and fostering child anxiety
(Belsky, 1999).

Another important implication that follows from life history theory is that broader
contextual features of the environment are as influential in the formation of attachment
patterns as is maternal sensitivity (Isabella, 1998; Thompson, 1998). Belsky (1997a,b)
has pointed out repeatedly that attachment needs to be studied in context, not for the
purpose of discovering which contextual factors are most or least important, but for the
purpose of chronicling the cumulative impact of multiple determinants. And indeed,
there is an abundance of evidence showing that both maternal psychological attributes
(personality, psychological health) as well as social-contextual sources of stress and support
(i.e., marital relationship, nonspousal social support) are related to attachment security
(for a review of literature, see Belsky, 1997b).
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Cultural Perspectives on Attachment

One of the central themes of Bowlby’s ethological theory is that biologically based affec-
tive interactions facilitate a variety of behaviors in children. During human evolutionary
history warm parent–child interactions were most adaptive because they reliably resulted
in children acquiring the cultural beliefs of their parents. There is every reason to suppose
that transmission of cultural values to children is one of the most important tasks of
parents, because cultural practices are often a vital component of biological fitness in
human societies. Failure to adopt the social and religious ideology of the society or failure
to learn the technology available to the society could result in decreases in reproductive
capability (MacDonald, 1988).

However, the environment can rapidly change, so that a mechanism that is adaptive
in Bowlby’s environment of evolutionary adaptedness may not be adaptive in highly
altered circumstances. One of the difficulties faced by an evolutionary ecological account
of human behavior has been the difficulty of providing a meaningful conceptualization
of adaptation in contemporary industrial societies. Nowadays behavior may be aimed
toward goals other than the maximization of inclusive fitness, i.e., the total of individu-
als’ reproductive success through their offspring plus that of their relatives. These goals
are determined in large part by the cultural norms and values of the society in which indi-
viduals live. These cultural values may have a profound effect on the relationship between
the child and his or her caregiver (Hinde & Stevenson-Hinde, 1990).

The first cross-cultural and cross-national studies on attachment sought to answer the
question of cultural (in)consistency of the relative distribution of attachment classifica-
tions. In a meta-analysis of the Strange Situation van IJzendoorn and Kroonenberg (1988)
found evidence indicating that cultural values are labile, differing not only between cul-
tures but also within cultures. Although several reasons have been hypothesized for this
diversity, ecological influences accounting for rearing practices have figured most promi-
nently. Japanese and Israeli samples show an overrepresentation of the resistant classifi-
cation. The high resistance in Japan was attributed to a rearing practice consisting 
of physical closeness for most of the day, where child distress rarely mounts to intense
levels and is relieved quickly when it does (Miyake et al., 1985; Takahashi, 1986). For
the Japanese infant separation from the mother turned out to be a much more stressful
event than for children from the North German city of Bielefeld (Grossmann & Escher-
Graub, 1984; Grossmann, Grossmann, Huber, & Wartner, 1981; Grossmann, Gross-
mann, Spangler, Suess, & Unzner, 1985), where emotional independence is fostered at
an early age, resulting in a high proportion of avoidant classifications. Among Israeli
kibbutz-reared infants the heightened rate of insecure resistance is ascribed to the stresses
of repeated encounters with a stranger, probably being too challenging for infants raised
in a small, closely knit kibbutz community (Sagi et al., 1985; Sagi & Lewkowicz, 1987).
The proportion of securely attached children in a sample from Indonesia (Zevalkink,
Riksen-Walraven, & van Lieshout, 1999) was comparable to that found in other coun-
tries, but the proportion of avoidance versus resistance differed, with avoidance being rel-
atively rare. Inconsistency in the level of maternal support, which was high at home but
low during structured interactions in a strange environment, accounted for this finding.
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However, in Japan, Israel, and Germany findings to the contrary have been reported.
The heightened resistance, for instance, was not observed when the sample studied by
Takahashi (1990) was observed nine months later, nor in an independent sample of
infants from another city in Japan (Durrett, Otaki, & Richards, 1984). Resistance was
also high in a comparison sample of city-dwelling infants from day-care centers in Israel.
A replication with another sample in Regensburg, South Germany, yielded a distribution
with a high percentage of securely attached infants (in Sagi & Lewkowicz, 1987). Within
the United States variations in patterns of attachment have been shown to be related to
economic stress, which undermines the quality of care (McLoyd, 1990). Other studies
show variations in attachment classifications based on ethnic or subcultural childrearing
norms (Fracasso, Busch-Rossnagel, & Fisher, 1993; Lieberman, Weston, & Pawl, 1991;
Li-Repac, 1982). Although previous research demonstrated variations in attachment pat-
terns in normative (Belsky & Rovine, 1988; Clarke-Stewart, 1989) and nonnormative
(Carlson, Cicchetti, Barnett, & Braunwald, 1989) variations in early child care, such
results did not appear in the National Institute of Child Health and Human Develop-
ment (NICHD) study of Early Child Care (NICHD Early Child Care Research Network,
1997, 1998), which revealed no significant differences in attachment security related to
child-care participation after selection effects, child effects (i.e., temperament, sex), and
mother effects (i.e., sensitivity, psychological adjustment) were taken into account. 
These latter findings were confirmed in a Canadian sample (McKim, Cramer, Stuart, &
O’Connor, 1999). These studies clearly demonstrated the lability of cultural norms,
which seem to differ between and within cultures, but also with time in any one culture.

The challenges faced in future cultural-ecological studies of attachment are manifold.
First, if alterations in rearing environments occur so quickly, a unitary concept of attach-
ment could turn out to be less useful than a set of related concepts specifying the nature
of the interactions that produce the emotional bond (Kagan, 1984). It is conceivable, for
instance, that two children growing up in different cultural settings, though raised very
differently, both become securely attached, while other qualities of their attachment may
differ. Unraveling the components of the global concept of attachment may be necessary
to be able to address the issue of lability of (sub)cultural values. The meaning of a par-
ticular classification depends on childrearing goals and values and cultural belief systems
(Harwood, 1992; Harwood, Miller, & Irizarry, 1995). Second, if cultural change in
modern societies occurs at a very fast pace, the idea that warm parent–child interactions
are most adaptive may need reevaluation. Initiating or participating in novel ideas and
practices may be more adaptive in a rapidly changing society where innovation is highly
prized. Third, an ecological approach to the study of attachment demands adequate atten-
tion to a proper conceptualization of the environment. In the past, environment has been
investigated often as a very large context for behavior. In much research environment is
dealt with in ways that have been assumed to require virtually no measurement, such as
social class or (sub)culture. These broad contexts are assumed to organize a set of stable
and predictable conditions and experiences that impinge similarly on all children 
within them. While this approach is informative about average group differences, issues
of process cannot be clarified. There is no way of knowing which conditions or subsets
of variables within the classifying concepts are responsible for any behavioral differences
that are found, leaving room for speculative interpretation. In one exemplary study
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(Zevalkink et al., 1999), contextual characteristics were extensively measured. Insecure-
disorganized children compared to resistant infants more often lived in an extended
household with mothers who were active in preventive health care. Mothers of avoidant
children were less inclined to engage in child-centered festivities than mothers of non-
avoidant children.

Most scenarios of human evolution emphasize how our young ancestors’ helpless-
ness led to selection for increased parental investment (e.g., Lancaster & Lancaster, 1987;
Lovejoy, 1981). Thus, emotional attachments in infancy allow the organism to survive
during a time when its ability to transact with the environment is extremely limited. The
child’s acquisition of the cultural skills, another important part of human adaptation, 
has hardly been a focus of interest in attachment research. Emotional and motivational
mechanisms are not only an essential part of attachment processes (Jones, 1985), but also
of cultural learning (Tomasello, Kruger, & Ratner, 1993) and cognitive development
(Flavell, 1999). Not only will certain kinds of emotional relationships set the stage for
the acquisition of the cultural skills, but in some cases the understanding of emotions
turns out to be a very important part of the learning process itself (Tomasello & Barton,
1994). The relevant emotional and motivational mechanisms evolved to serve different
functions at different developmental periods. An important aspect of cognitive develop-
ment, the capacity for intersubjectivity as the core of internal working models, depends
on and builds on the prior sharing of emotional states between infants and caregivers.
Cultural learning may thus be an important process toward the development of internal
working models. The developmental course of this process will be outlined in the section
on attachment representations.

Attachment Antecedents: The Sensitivity Hypothesis

It is generally assumed that the main reason for qualitative differences in children’s attach-
ments lies in the mother’s sensitive responsiveness in interacting with the infant during
the first year of life. The first data on this topic were generated in an intensively investi-
gated sample of 26 middle-class Baltimore mother–child dyads (Ainsworth et al., 1978).
Since then numerous studies have been conducted to replicate the proposed link between
early maternal behavior and subsequent child attachment security (the “sensitivity
hypothesis”). In 1987 Goldsmith and Alansky conducted a meta-analysis on 12 inquiries
and concluded that there is a weak association between mothering and attachment. A
decade later de Wolff and van IJzendoorn (1997) conducted a 66-study meta-analysis,
arriving at the conclusion that maternal sensitivity appears to be an important, though
not exclusive, condition for the development of attachment security. Hence, the sensi-
tivity hypothesis has received some, but by no means unanimous, support from other
studies. Besides correlational, there is experimental evidence which van IJzendoorn, Juffer,
and Duyvesteyn (1995) have subjected to meta-analytic evaluation. The results pointed
to a reliable effect of mothering on attachment security. A meta-analysis evaluating
inquiries on disorganized attachment in early childhood (van IJzendoorn, Schuengel, &
Bakermans-Kranenburg, 1999) identified frightening or frightened and dissociated
parental behavior as an antecedent to disorganization. However, this did not seem to be
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the only factor involved. Disorganized attachment does not just accrue from parental
insensitivity. Other precursors proposed are maltreatment and unresolved loss in the
parent. Further validational research is clearly necessary. Despite this endless stream of
studies on the sensitivity hypothesis, a puzzling degree of inconsistency throws doubt over
the hypothesized sensitivity–security link.

There may be several reasons for this inconsistency. For one thing, it is highly likely
that attachment security is not just determined by parental behavior but that other factors
also play a part. Second, maternal sensitivity is not a stable trait and if it changes from
one age to another it is hardly likely to provide a satisfactory explanation for infants’
attachment security (Isabella, 1993), at least if it is not examined in a dynamic way. For
example, several studies both support and fail to support the sensitivity–security linkage
depending on the time of assessment (e.g., Belsky, Rovine, & Taylor, 1984; Egeland &
Farber, 1984; Miyake et al., 1985). Such findings may indicate either that this relation is
significant for only part of the range, or could be due to attempts to impose an analysis
of linear trends on nonlinear relations (van den Boom, 1997). Third, sensitivity is basi-
cally a statement about the interaction and, hence, is meaningless without reference to
both partners. This makes the study of infant antecedents to attachment equally impor-
tant, though such inquiries are rare (Hoeksma, van den Boom, Koomen, & Koops, 1997).
Fourth, it is much more likely that a number of factors need to be considered in con-
junction and that their joint effect predicts the formation of attachments rather than the
effect of each on its own. This is well illustrated by Belsky, Rosenberger, and Crnic (1995),
who found that the consequences of sensitive behavior on the part of the mothers could
only be understood in the context of other important variables.

Child contributions

If attachment security is not just determined by parental behavior but also by other
factors, a likely other influence is the child’s individuality.

In initial discussions on the relation between temperament and attachment, tempera-
ment was regarded as a stable individual feature, while attachment was considered to be
relational in nature, creating some reluctance of integrating the two (Rothbart & Bates,
1998). Although numerous studies have been conducted to examine the link between
temperament and attachment, the matter is still unsettled. Inquiries directly linking
parent-report measures of infant temperament with attachment classifications in the
Strange Situation have generally yielded nonsignificant results (Thompson, 1998). Evi-
dence on a link between resistant attachment and neonatal irritability is found by some
(Goldsmith & Alansky, 1987), yet not by others (van den Boom, 1994). There is some
evidence indicating that parental reports of temperamental difficulty distinguish B3/B4/C
infants from infants in the A/B1/B2 classifications (Belsky & Rovine, 1987), although
other studies could not replicate this finding (Mangelsdorf, Gunnar, Kestenbaum, Lang,
& Andreas, 1990; Seifer, Schiller, Sameroff, Resnick, & Riordan, 1996). It has been sug-
gested that temperament does not so much determine type of attachment classification
as the way in which security or insecurity is expressed (Belsky & Rovine, 1987).

When attachment is measured with the Attachment Q-sort (AQS) (Waters & Deane,
1985), on the contrary, results are more consistent. Security scores and temperament
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reports of negative emotionality are negatively associated (Seifer et al., 1996; Vaughn et
al., 1992; Wachs & Desai, 1993). It remains to be seen, however, whether the traditional
Strange Situation attachment classifications and the AQS security scores measure the same
aspects of attachment.

It is unthinkable that an individual attribute as general as temperament would not
affect behavior in any situation (Schaffer, 1996). Why then is it so difficult to find a clear
and consistent link with attachment? Several reasons come to mind. First, several indices
of temperament have been used. Temperament has been measured through direct behav-
ioral observations and questionnaires. However, the correlations between direct observa-
tions of children and adult descriptions of what appear to be the very same behaviors are
low (Kagan, 1994). It seems to be necessary to appreciate that the theoretical meaning
of any temperamental construct when observed behavior is the source of evidence may
not be the same as the meaning when adult descriptions are the source of evidence. Seifer
et al. (1996), using both parent-report and observational temperament measures, did find
a significant relation between temperament and AQS security scores, although the manner
whereby they operate is complex. Second, given the interweaving of temperamental with
social interactive forces, it is increasingly recognized that the expression of temperament
changes throughout development (Rothbart & Bates, 1998). This may also influence the
findings obtained. Most likely, though, it will be when taken in conjunction with other,
experiential factors that temperamental characteristics can be seen to influence the devel-
opmental course. The idea that one factor can be expected to provide an infallible pointer
to the future has been abandoned by most.

High-risk infants are of particular interest, for their behavior is at first more disorga-
nized and less predictable and will thus place a much greater burden on a mother’s capac-
ity for sensitivity. Here, too, the findings are mixed with some studies reporting high rates
of insecure attachment in a variety of clinical samples (Goldberg, 1990), and others not
accounting for marked deviations in the relative rates of secure and insecure classifica-
tions (van IJzendoorn, Goldberg, Kroonenberg, & Frenkel, 1992). Taken in conjunction
with the previously mentioned findings about temperament, one must conclude that the
question of antecedents of attachment quality cannot be answered by looking at child
effects alone, any more than by looking at maternal caregiving alone (Schneider Rosen
& Rothbaum, 1993).

Attachment Representations in Infancy

Lately, attachment research has moved into the realm of internal working models. As
earlier summarized, working models are gradually built up from the child’s specific ex-
periences with attachment figures and come to represent the pertinent attributes of 
each and the kind of relationship that has developed with that individual. These mental
representations include emotional as well as cognitive components. Once formed they
exist outside consciousness and tend to be stable, but are by no means impervious to the
influence of further relationship experiences (Bowlby, 1969, 1973, 1980).

Attachment researchers have directed most of their efforts at elucidating adult repre-
sentational processes, mostly by means of the Adult Attachment Interview (George,
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Kaplan, & Main, 1985; Main & Goldwyn, 1994) to examine the existence of intergen-
erational continuity. They try to provide an answer to the question whether people parent
their children the way they were parented. Since the focus of this chapter is on infancy,
the interested reader is referred to van IJzendoorn (1995) for a review of studies on the
issue of intergenerational continuity.

Although, thanks to Bretherton’s work (1991, 1993), there is general recognition that
internal working models gradually emerge from shared communications in infancy,
attachment research on the early precursors of these mental representations is relatively
rare. A few assessment procedures were developed to examine attachment-related repre-
sentations at an early age, for example by means of doll-play stories, drawings, and
responses to family photographs. The notion of internal working models, however,
requires greater clarity to increase its testable explanatory power. A prospective instead of
a retrospective approach seems to be more fruitful to get a grip on the construction of
working models from infancy onward. The fact that interpersonal relatedness within the
family is not only dyadic but also triadic in nature is an issue that deserves more atten-
tion (Harris, 1997). The development of social cognition seems to be a likely candidate
for further scrutiny.

Attachment theory assumes that infants and young children interpret and predict other
people’s actions. Research on the young child’s theory of mind and social referencing is
centrally concerned with such interpretive and predictive skills (Harris, 1997). It has 
been found that by 18 months infants give an experimenter food she reacts to with ap-
parent happiness rather than disgust, even when they themselves prefer the latter food
(Repacholi & Gopnik, 1997). This appears to be the first empirical evidence that infants
have at least some limited ability to reason nonegocentrically about people’s desires.
Infants also learn the names for things by noting what object the adult appears to be
attending to when the adult says the label (Baldwin & Moses, 1994; Tomasello, 1995;
Woodward & Markman, 1998). They seem to recognize that it is the adult’s attentional
focus rather than their own that gives clues as to the adult’s referential intent. By 12
months infants seek or use information about objects’ positive or negative qualities con-
veyed by adults’ emotional reactions to these objects, called social referencing (Baldwin
& Moses, 1994; Mumme, Won, & Fernald, 1994). Older infants sometimes appear to
be trying to manipulate other people’s emotional responses rather than, as in social ref-
erencing, just reading these. Toddlers, for instance, begin to comfort younger siblings in
distress by patting, hugging, or kissing them and they may even bring a security blanket
to an adult in pain (Zahn-Waxler, Radke-Yarrow, Wagner, & Chapman, 1992). On the
negative side, they sometimes tease or otherwise annoy siblings, as though hoping to frus-
trate or anger them (Dunn, 1988). These findings suggest that young children are begin-
ning to identify the conditions that elicit or change emotions or behaviors. Generalizing
across these studies, it seems that infants show a number of behaviors that seem relevant
to the development of knowledge about people.

Attachment researchers entertain the idea that children’s initial awareness is of undif-
ferentiated relationships that give rise to the first internal working models. Even so, the
two cannot be understood without reference to each other, for they represent obverse
aspects of the same relationship. Research on social cognition is beginning to show that
cognitive differentiation of self and other may appear relatively early. Children start using
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some desire terms appropriately by age 1.5 to 2 years (Bartsch & Wellman, 1995), 
and tend to grasp simple causal relations among desires, outcome, emotions, and actions.
The use of emotion-descriptive language begins late in the second year and increases
rapidly during the third year (Bretherton & Beeghly, 1982; Wellman, Harris, Banerjee,
& Sinclair, 1995). In subsequent years children come to understand subtler and more
complex things about emotions, for instance, that people do not always really feel what
they appear to feel (Flavell & Miller, 1998). By age 3, children may have some ability to
distinguish intended actions from nonintentional behaviors such as reflexes and mistakes
(Shultz, 1991; Schultz & Wellman, 1997). Children also come to appreciate psycholog-
ical causes of behavior other than intentions: emotions, motives, abilities, percepts, knowl-
edge, beliefs, and personality traits. This fundamental insight of realizing that many
emotional reactions depend on the fulfillment or frustration of particular plans or goals
is likely to have important implications for the child’s working model of his or her rela-
tion to a caretaker. Attachment theory assumes that the child takes note of recurrent 
emotional relations between self and key attachment figures and uses these to forecast the
course of future encounters. The above findings suggest that, at least by the age of 3, 
children recognize that other people feel emotion relative to their own goals rather than
those of the child.

The above findings appear to indicate early signs of mental state attributions. Through-
out virtually the entire body of research on social cognition in infancy it has been found
that children make little differentiation between different people (Harris, 1997). How-
ever, the notion of a working model suggests that the child is able to do so. In attach-
ment theory, it is assumed that the child arrives at a generalization that is highly charged
with emotion because the ultimate conclusion concerns a feeling of security. In the area
of social cognition the generalizations are free of affective valence and more of a cogni-
tive enterprise. Attachment theorists assume that people will often not succeed in articu-
lating explicitly their working models, not even in adulthood. It is inferred from their
discourse during the Adult Attachment Interview. Research on social cognition suggests,
on the contrary, that children will increasingly talk explicitly about people’s desires and
beliefs (Harris, 1997). The above findings suggest that combining cognitively oriented
research on social cognition and socioemotionally oriented research on attachment might
be a fruitful enterprise.

Only very recently the extent to which interpersonal experiences can aid the child’s
development has been examined. Representational skills appear to develop faster in a
context of multiple relationships. Preschoolers who have more siblings to interact with
perform better on false-belief tasks than those who have fewer or none (Jenkins & 
Astington, 1996; Perner, Ruffman, & Leekam, 1994). Both conflict and support in sibling
interactions have been linked to children’s skills such as affective perspective-taking and
consideration of other people’s feelings and beliefs (Brown & Dunn, 1992; Dunn, Brown,
& Beardsall, 1991; Howe, 1991; Howe & Ross, 1990; Youngblade & Dunn, 1995). A
family environment that provides for certain types of linguistic encounters (especially
about mental experience) appears to accelerate performance on theory of mind tasks
(Dunn, Brown, Slomkowski, Tesla, & Youngblade, 1991). In addition, children who
engage in more pretense perform better on theory of mind tasks (Astington & Jenkins,
1995; Taylor & Carlson, 1997; Youngblade, 1993). Multiple relationships within the
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family apparently enhance the child’s understanding of the goals of the other person.
Once that skill has developed it may be expected that children will systematically pursue
to effect the emotional reactions of the caretaker instead of merely accepting recurrent
emotional responses of the parent in the interest of his or her feelings of security. Social-
cognitive research suggests that even in infancy the child may play an active role in reg-
ulating what the caretaker will do.

If children develop the ability to take the emotions and goals of other people into
account from early on and separate those from their own, the possibility that children
can conceptualize a triadic relationship can be seriously entertained. In one of the few
studies conducted, it was found that from the age of 3, third parties are particularly influ-
ential in the case of dyadic conflict (Vuchinich, Emery, & Cassidy, 1988). Additional
family members frequently joined dyadic family conflicts, they were about equally likely
to attempt to end or to continue the conflict, they formed alliances about half of the
time, and their intervention strategies were related to the outcome of the conflict as well
as its patterning. Such findings suggest that conflict and support may not simply be the
opposite ends of a continuum, but can coexist and give children a variety of experiences
in learning to deal with others. Apparently, a balance of support and conflict in family
relationships may exert a positive effect on promoting social competence and its con-
comitant expectations regarding social relationships. Such a balance can provide a unique
opportunity for children to develop social-cognitive and behavioral competencies and
expectations that are linked to managing conflict and anger on the one hand, while pro-
viding support and nurturance on the other. Hence, already in infancy one relationship
can affect another relationship. And early attachment and later behaviors not all have to
be viewed as a persistence of attachment qualities. There is a need both to consider dyadic
relationships in terms that go beyond attachment concepts, and to consider social systems
that extend beyond dyads (Hinde & Stevenson-Hinde, 1988).

The initial emergence of expectations regarding other persons is a complex process
consisting of many constituents. Findings on social cognition seem to suggest that inter-
nal working models are built up gradually during infancy, take different forms at differ-
ent ages, and are influenced by relationships with key attachment figures as well as by
siblings and triadic interactions. The combination of social-cognition and attachment
research will lead to a more realistic and balanced account of the way internal working
models gradually emerge from infancy.

Perspective

We have learned a great deal about the development of children’s first relationships, espe-
cially due to Mary Ainsworth’s development of the Strange Situation, whereby attach-
ment security could be assessed and empirically investigated. We learned about the
origins, stability, and representations of individual differences in attachment security in
infancy. Nevertheless, inconsistencies and unpredictabilities in developmental paths keep
challenging attachment theory and research. There has been no shortage of psychologi-
cal research on attachment. But psychological research is not the only source of infor-
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mation on attachment. How might the biological and evolutionary perspectives on attach-
ment contribute to a further understanding of the attachment process?

Attachment and Brain Function

Psychobiological perspectives on attachment provide opportunities for enhancing the
depth and scope of ethological attachment theory. General agreement exists on the fact
that affect constitutes the core of attachment processes (e.g., Sroufe & Waters, 1977;
Waters & Deane, 1982). Emotions, however, are not only psychological but they are phys-
iological processes as well. Therefore, information about the representation of emotion
in the brain may also shed light on the nature of emotional processes such as interper-
sonal attachments (LeDoux, 1995).

Recent findings suggest that there is an actual physiological-anatomical component to
emotional reactions (Post et al., 1998). Environmental experience of a specific quantity
or quality, particularly when it occurs in crucial phases of development, may be capable
of exerting profound effects on the organization and anatomy of the central nervous
system (Cicchetti & Tucker, 1994; Nelson & Bloom, 1997). Ethological attachment
theory does not address the topic of the regulation of the infant’s physiology but assumes
it to be a product of genetic endowment. Although the primary structure of the neuronal
pathways is determined genetically, its functional microstructure may be determined in
large measure by the environment. Ultimately, only those pathways are preserved that are
actually used. But at some point the functional characteristics of processes that can be
modified by environmental stimuli must be “locked.” Thereafter sensorimotor systems
cannot be tuned to the environment the way they would have been at an earlier devel-
opmental stage (Kraemer, 1992). Apparently, early childhood experiences exert a power-
ful lasting influence on the central nervous system.

In studies using electrical brain stimulation to probe emotion it has been demonstrated
that in contrast to cognitive neural pathways, the affective neural pathway operates
without even a pretense of objectivity. For example, a cool stimulus applied to the skin
can be pleasant if one is overheated and unpleasant if one is hypothermic, indicating that
the affective value of a stimulus depends in part on the prevailing physiological and eco-
logical conditions (Shizgal, 1999). In light of these findings one can imagine a strikingly
different impact of similar types of experience at different stages of an infant’s psycho-
logical and physiological development. For instance, deprivation related to neglect and
the converse (that related to abuse) in early childhood may affect the basic organization
of the central nervous system by early life experience differently. Also, if the basic wiring
of the central nervous system has been impacted in early childhood by deprivational ex-
periences, children will develop a different comparison standard than children not having
such negative experiences. The basic wiring will set the stage for future evaluations of
emotional experiences in attachment relationships. Given the relativity of emotion the
results of the evaluations can be vastly different depending on the standard of com-
parison that has been developed (Post et al., 1998). Much work remains to delineate the
critical periods for such impact and windows of opportunity for ameliorative manipula-
tions. Of similar interest would be the question of what stimulation is most pertinent to
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developing a long-term resetting of neural pathways that is of potential clinical and bio-
logical relevance. Hence, physiological investigations not only delineate underlying mech-
anisms but also contribute to better psychological theories by inspiring what is possible
and by placing constraints on what is plausible.

In sum, findings about the neural basis of attachment might suggest new insights into
the functional organization of attachment that were not apparent from psychological find-
ings alone. After all, Bowlby saw the attachment system as having the qualities of a phys-
iological homeostatic system.

Attachment and Ecology

Empirical tests of attachment theory’s account of mechanism have been relatively rare.
Evolutionary ecological theory has an explicit focus on mechanisms in trying to uncover
why sensitivity would foster a particular attachment relationship in functional evolution-
ary terms. The answer to that question may differ depending on the particular ecologi-
cal niche the infant is raised in. The interrelatedness between individuals and context may
have profound effects on the patterns of developmental change in attachment processes.
Research has shown that the idea that securely attached babies are the norm, for which
overwhelming evidence exists in the United States of America, is untenable in light of
other findings indicating that the securely attached category is much less common in
other cultural groups, i.e., West Germany, Israel. In addition, ecological contexts are
complex and diverse. Relationships are affected by the presence of other individuals, the
mother’s relationship with the father, infant characteristics, and so on. Consequently, it
is difficult to ascertain what the best mothering style would be, for different styles may
be better in different circumstances. Natural selection would act to favor individuals with
a range of potential styles from which they select appropriately (Hinde, 1982). The issue
is further complicated by the importance of norms, indicating that what is best can only
be assessed against the whole complex of family, social group, and cultural beliefs in which
mother and child are embedded. What a proper preparation for life is, may differ between
cultures. The ecological context, therefore, needs to be taken into account in order to
arrive at a proper account of attachment processes.

Some contextual events also seem to be more salient than others. There is, for instance,
evidence for a negativity bias in the affect system. A wide range of evidence shows that
negative events in a context evoke stronger and more rapid physiological, cognitive, emo-
tional, and social responses than neutral or positive events (Taylor, 1991; Westerman,
Spies, Stahl, & Hesse, 1996). Exploratory behavior can provide useful information about
an infant’s environment, but exploration can also place an infant in proximity to hostile
stimuli. Because it is more difficult to reverse the consequences of an injurious or fatal
assault than those of an opportunity unpursued, the process of natural selection may also
have resulted in the propensity to react more strongly to negative than to positive stimuli
(e.g., Cacioppo & Berntson, 1994). A relatively positive versus a negative rearing context
may, thus, set the tone for vastly different interpersonal relationships.

Another contextual feature is the question of multiple attachments, which has hardly
been dealt with as of yet (Hinde & Stevenson-Hinde, 1988). How does the child deal
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with multiple relationships, and how are discrepant relationships dealt with? Is it the case
that one relationship dominates, or is there a balance between differing relationships?
Does one secure relationship compensate for insecurities in others? As of yet no satisfac-
tory explanations have been found and tested. Although internal working models have
been posited as the mechanisms that carry relationships forward, so far they have failed
to give any increased precision to our understanding of the processes involved.

A Developmental Account of Attachment

Despite the fact that in the domain of attachment many longitudinal studies have been
conducted, nondevelopmental concepts and the statistical procedures associated with
them still dominate the field. However, Roberts (1986; Roberts & Strayer, 1987) pointed
at the existence of a threshold effect in parental warmth, that is, very low levels of parental
warmth are associated with a deficit in child competence. Crossing the threshold results
in a rapid rise in levels of competence, which is followed by a plateau in which further
increases in parental warmth have little effect on child competence. Hence, in the case
of parental warmth an almost exclusive reliance upon linear relations does not seem to
be justified. The few studies that document curvilinear relations between indices of the
parent–child relationship and child development suggest that there may be a point of
diminishing returns (van den Boom, 1997).

Although the relevance of nonlinear models for longitudinal research has often been
preached, it has been put into practice only rarely. Notable exceptions are the studies by
Olthof, Kunnen, and Boom (2000) and van der Maas and Raijmakers (2000). In order
to become truly developmental, the field of attachment needs a move in the direction of
greater complexity both in concept and in method (Fogel, 1993, 1997; Kunnen, Olthof,
& Boom, 2000; van den Boom & Hoeksma, 1994, 1997). Such a developmental orien-
tation would make the field more person- instead of variable-oriented, that is, insight
would be gained in intraindividual patterns of change. And it may turn out to be very
well the case that there are different routes that lead to broadly similar outcomes. Such
a focus on developmental change not only leads to a better understanding of the nature
of the parent–child relationship, but may also yield valuable information for practical
efforts made to bring about improvements in that relationship. Finally, a developmental
orientation on attachment could change our view of the sources of individual differences.
Variability in outcome measures is well documented, but variability in process is less well
understood. It means that children may reach similar outcomes by different pathways.
The detection of such diverging or converging pathways promises to be a major challenge
in the years to come.
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Chapter Twelve

Peers and Infant Social/Communicative
Development

Carol O. Eckerman and Karen Peterman

Introduction

During their first three years of life children master the basic skills enabling them to gener-
ate with one another such coordinated interactions as games, verbal conversations, collab-
orative problem solving, and the resolution of conflicts. The goal of this chapter is to
understand the developmental pathway to this mastery. What social, communication, 
and cognitive skills enable coordinated interactions and how do they develop? Are the coor-
dinated interactions found among peers in day-care centers similar to or different from
those of less familiar peers? Are peer conflicts related to cooperative coordinated action? 
We evaluate today’s answers to these questions and comment on the distinctive roles peer
interactions may play in infant social/communicative development. First, however, we
present a brief history of studies of infant peers and the changing questions that have guided
them. The answers to these earlier questions are the foundation for the present attempt to
trace the developmental pathway to coordinated action between infant peers.

A Brief History: Changing Questions About Infant Peers

The modern empirical study of infant peers began in the mid-1970s, building upon a
few studies during the 1930s of institutionalized infants (e.g., Bridges, 1933; Buhler,
1930; Maudry & Nekula, 1939). The first studies in the 1970s were exploratory and
descriptive. At the time, the study of infant social development was focused upon infants’
relationships with their mothers – both mother–infant attachment (e.g., Ainsworth,
Blehar, Waters, & Wall, 1977; Bowlby, 1969) and the details of the moment-by-moment
flow of en-face interaction between mothers and their young infants (e.g., Brazelton,
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Koslowski, & Main, 1974; Stern, 1974). If thought was given to infant peers at all, the
expectation was that either little would happen or they would fight over objects given
their interest in the same toys. The first studies sought to discover what, if anything, did
happen when family-reared infant peers met.

The findings were clear. A great deal happened, much of which could be described as
infants behaving sociably toward one another (see reviews by Eckerman & Didow, 1988;
Mueller & Vandell, 1979). By “sociable” we mean behaving in ways that bring about or
sustain friendly interpersonal contact. When pairs of unfamiliar peers met in a free-play
setting with their mothers, whether at 10–12, 16–18, or 22–24 months, the infants 
spent much of their time looking at one another, being close together in space, and 
contacting the same play material (Eckerman, Whatley, & Kutz, 1975). Further, they
directed smiles, vocalizations, and gestures to one another and touched or patted one
another – behaviors that when directed toward mothers were called “sociable.” They also
took toys from one another, struggled over toys, and hit each other, but these behaviors
were much less frequent than those customarily called “sociable.” Similar findings were
obtained for pairs of 9-month-olds as they became acquainted over 16 near-daily meet-
ings (Becker, 1977) and for very familiar peers in group settings (e.g., Roopnarine &
Field, 1983; Vincze, 1971). Even unfamiliar infant peers as young as 6 months of age
directed a variety of behaviors at one another, the most frequent of which were vocal-
izations, smiles, and touches and the least frequent of which were hits or pushes (Vandell,
Wilson, & Buchanan, 1980). Thus, infants quite often were sociable with one 
another – both in novel and familiar play settings, with an unfamiliar peer and those
quite familiar, at the start of an acquaintanceship and after many encounters, and in dyads
and in groups.

Finding sociable behavior between such young peers was so unexpected that some
sought to reinterpret the behaviors seen as nonsocial. Could behaviors described as
directed toward the peer be instead reactions to the inanimate spectacles peers create
through their actions on toys? A child thought to be smiling at a peer might really be
responding happily to the intriguing sights and sounds of toys produced by the peer. A
variation on this theme was the claim that infants’ interest in one another grew out of
their interest in similar play material; as a result of their attraction to the same toys, infants
found themselves together and in a position to notice and react to each other’s actions
upon the toys. In this view, truly sociable behavior grew out of a developmentally prior
interest in the inanimate play material (e.g., Mueller & Brenner, 1977; Mueller & Lucas,
1975). Thus, the question became whether the behaviors between infant peers that some
called sociable were really social at all.

To address this question, at least four studies contrasted peer encounters in the pres-
ence versus absence of toys (Eckerman & Whatley, 1977; Hay, Pedersen, & Nash, 1982;
Ramey, Finkelstein, & O’Brien, 1976; Vandell et al., 1980). Again, the findings were very
clear. In each study, more of the behaviors called sociable occurred when the infant peers
met in the absence of toys. This was as evident for 6-month-olds as for 2-year-olds.
Clearly, many of their gazes, smiles, vocalizations, approaches, and touches were directed
toward one another and in that sense social or sociable.

Now that infants were acknowledged to be sociable with one another, the question
became one of whether young peers really interacted or communicated with one another.
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The temporal flow of what transpired between infant peers was examined for evidence
that they were interacting (mutually influencing one another) or communicating (sharing
some understanding of what they were doing together). Two research strategies emerged:
a sequential chain approach and a social phenomenon approach. The sequential chain
approach looked for sequences of peer-directed smiles, sounds, touches, and gestures alter-
nating between two children. For example, in a playgroup of familiar peers (Mueller &
Brenner, 1977) sequences at least three acts long (child A, child B, child A, . . .) increased
from an average of 0.4 times in 15 minutes at 12 months of age to 3.1 times at 23 months.
The social phenomenon approach, in contrast, focused upon defining a social phenom-
enon that by its very existence implied mutual influence and some shared understand-
ing. For example, Ross (1982) defined a game as a sequence of at least four alternating
peer-directed behaviors (two for each infant) with a common play theme such as follow-
the-leader or chase; such games occurred on average less than once in 24 minutes for
unfamiliar 15-month-olds and increased to 1.42 times for 24-month-olds.

Both approaches provided some evidence of interaction and communication between
infant peers, but they also highlighted how difficult it was for infant peers to generate
these forms of social interaction and the prolonged developmental courses involved. As
a result, some suggested that peer interactions played only a most limited constructive
role in early development (e.g., Bronson, 1981), but others suggested that the potential
for early peer interaction and communication should be examined in other ways. Implicit
in the sequential chain approach was an adult-like model of communication that empha-
sized turn-alternation and the directing of distal social signals to one another (smiles,
sounds, gestures). This may not be the primary form early peer interaction and commu-
nication takes. Although the social phenomenon approach allowed many more infant
actions to be viewed as communicative, its focus upon fully formed phenomena might
preclude an awareness of less well-formed interactions and communications.

These latter considerations have led to the focal question of this chapter: By what
developmental pathway do infant peers come to generate cooperative coordinated action
with one another? Implicit in this question is (1) an openness to look for forms of com-
munication, social influence, and coordinated action among young peers unlike those
stressed for infant–parent encounters or even older peer encounters, and (2) a wish to
understand how earlier forms of coordinated action develop into more mature forms.

The Development of Cooperative Coordinated Action Between Peers

Table 12.1 presents an example of interaction between two 32-month-olds. Observers of
this interaction readily infer that each child’s actions are being influenced both in form
and timing by those of the other; there is mutual social influence. Further, both children’s
actions seem to contribute to a common theme; their actions are thematically (semanti-
cally) related to one another. Further still, the children are using integrated verbal and
nonverbal means of communication. Nonverbal imitative acts form much of the sub-
stance of their coordinated action, and their verbalizations both highlight the nonverbal
actions (e.g., “I get it”) and communicate further how these nonverbal acts are to be done
(e.g., “Watch”). The evidence of mutual social influence and joint action on a common
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theme leads us to call this an episode of cooperative coordinated action. The integrated
use of both nonverbal and verbal means of communication suggests it is a relatively
mature form of coordinated action.

To understand the development of cooperative coordinated action, we will examine
each of these three key ingredients – social influence, joint action on a common theme,
and integrated nonverbal and verbal means of communication. First, we examine forms
of social influence between young peers that occur long before there is much coordinated
action. Second, we ask how young peers begin to engage in joint action on a common
theme and what behavioral and cognitive skills seem to be involved. Third, we ask about
the emergence of verbal means of facilitating coordinated action among young peers and
their integration with nonverbal means.

Discovering New Forms of Social Influence

Although coordinated action seldom occurs among prelocomotor infants, social influence
can be found. Pairs of 6-month-olds showed little evidence of immediate responses to each
other’s fusses/cries or physical contacts (Hay et al., 1982). Nevertheless, systematic rela-
tionships were discovered between the two infants’ behaviors. Infants were more likely to
respond with fussing/crying to a peer’s distress as the length of time the peer was
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Table 12.1 An example of cooperative coordinated action between two 32-month-olds. Each
child’s actions are listed in sequential order with verbalizations in quotation marks

Child A Child B

Joins peer at playhouse
Sits on floor of playhouse

Sits beside peer
Throws ball out window + “I want to throw, okay?”

“Okay”
Throws ball out window

Retrieves ball + “I better get some”
Retrieves ball + “I get this”

Enters house + “I go back in”
Enters house + “I go back in”
Sits down

Sits down + “You next to me”
Holds ball up to throw + “. . . throw this ball”

Holds ball up to throw
Throws ball out window

Throws ball out door + “Watch”
Retrieves ball + “. . . I get it”

Retrieves ball + “I got it”
Enters house + “I got it, I go back in”

Enters house + “. . . back in”
Sits down

Sits down



fussing/crying increased. Or, if one infant responded to the other infant’s touch with a reci-
procal touch, then the first infant was more likely to continue touching. Despite such hints
of intriguing forms of social influence, there has been little research on social influence
between such young peers. Much more has been done with older infants and toddlers.

With locomoting infants, peer interactions increasingly involve inanimate play 
materials. This is true, too, of mother–infant interactions and has led to the stress upon
understanding how the mother–infant dyad negotiates social interactions that involve toys
(e.g., the coordinated joint engagement of Bakeman & Adamson, 1984; the joint atten-
tion of Tomasello & Farrar, 1986). If we ask how infant peers come to jointly attend to a
common object about which they then may interact, we find a pervasive way infants influ-
ence one another – they approach and manipulate the same play material as 
their peer. Clear documentation of this form of influence came from a study of dyads 
of unfamiliar 18- or 24-month-olds (Eckerman & Stein, 1982). Each time one child made
contact with an object not already contacted by the peer, the time elapsing 
before the second child contacted this same object or its duplicate was recorded. At both
ages, the toddlers contacted the same object often and rapidly, and significantly 
more often than predicted by chance probabilities. For example, over 40 percent of the
time, 24-month-olds contacted the same toy within 20 seconds. Frequent and rapid touch-
ing of the same object also has been found among triads of very familiar 3-year-olds
(Nadel-Brulfert & Baudonniere, 1982); 62 percent of the time at least one child picked up
the same toy as a peer within 10 seconds. Thus, a peer’s contacts with play material are very
salient to toddlers, and toddlers show a pervasive response of going to and contacting the
same play material. A similar responsiveness has been documented for even younger chil-
dren (12-month-olds) with an unfamiliar adult playmate (Eckerman, Whatley, &
McGehee, 1979), and hence may characterize the interactions of even younger peers.

Achieving Joint Action on a Common Theme

Although going to and contacting the same play material as one’s peer brings about joint
attention to objects, we still are a long way from understanding how young peers come to
act upon an object of joint attention in ways that are thematically and cooperatively related
to one another. Unfamiliar 16-month-old peers join each other readily and manipu-
late the same play material, but seldom do we find any more meaningful connection between
their actions (Eckerman, Davis, & Didow, 1989). One child rolls a ball down a slide and the
peer may quickly act upon the same ball by throwing or squeezing it. How do they proceed
from ready engagement of the same toys to generating cooperative co-ordinated action 
(e.g., taking turns rolling the ball down the slide or throwing the ball to one another)?

One answer is that toddlers begin to readily imitate each other’s play actions. Imitat-
ing another’s actions seems an excellent strategy for forming a thematically related
response to another’s action and one that may be especially well suited to the actions of
young peer partners. Relatively few of a toddler’s play actions specify, even for a skillful
adult partner, a specific appropriate response. Yet imitation can be used for virtually any
action. Further, with imitative acts, the thematic connection between one toddler’s actions
and another’s seems especially perceptually salient in that there is a clear similarity in the
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form of overt action. Thus, this deceptively simple way of behaving – doing what another
has just done – may have great power and effectiveness (cf. Nadel, 1986; Nadel-Brulfert
& Baudonniere, 1982; Uzgiris, 1991).

Although the prevalence of imitative acts in early peer encounters has often been noted
(e.g., Grusec & Abramovitch, 1982; Nadel, 1986; Ross, 1982), its role in enabling tod-
dlers to generate cooperative coordinated action was highlighted in a longitudinal study
of pairs of unfamiliar peers who met at 16, 20, 24, 28, and 32 months of age (Eckerman
et al., 1989). Each child’s actions with objects, movements in space, vocalizations, and
gestures were coded independently from videotaped records and subsequently integrated
along a common timeline. Then, all instances of coordinated acts were identified, that is,
acts that were cooperatively and thematically related to the ongoing or immediately prior
actions of the peer. These could be imitative acts, complementary role acts (e.g., “finding”
a “hiding” peer), complementary verbal or gestural directives (e.g., saying “jump” as the
peer stood poised to jump, or handing a ball to the peer who had just previously rolled
the ball down a slide), or appropriate responses to verbal or gestural directives. An imi-
tative act reproduced at least one central feature of the peer’s action (other features could
be omitted or new ones added) and the action reproduced had to be a distinctive play
action rather than such routine actions as picking up a toy or walking from one location
to another.

Coordinated acts were infrequent at 16 months of age but increased markedly over
the next 12 months, and almost all the increase came from nonverbal imitative acts. 
Imitative acts came to occur as frequently as once every 11 seconds when the peers 
were engaged with the same play material! The only other form of coordinated act 
that increased significantly was complementary verbal directives, but these remained 
infrequent even at 32 months of age (less than once in 3 minutes). For individual dyads,
the increase in imitative acts occurred relatively suddenly at a median age of 20–24
months; at earlier ages, the peers seldom imitated each other and then four months later
they imitated each other much more frequently and maintained this increased rate at 
subsequent ages.

Toddlers’ ready imitation of a peer’s nonverbal play actions enables not only many
more instances of coordinated responses but also the generation of sustained bouts of
coordinated action – games. Games consisted of at least two turns of action by each child
where the actions of the two children formed a common theme such as chase, follow-
the-leader, or reciprocal imitation and the actions of each were agreeable to the other.
Such games showed a sudden, marked increase in frequency at the same point in devel-
opment as the sudden increase in nonverbal imitative acts.

Imitative acts seem to solve a major task for toddlers – that of reaching agreement on
a topic for coordinated action when specific rituals of interaction cannot be relied on and
they do not yet have the verbal skills to negotiate what they want to do together. With
their parents, infants and toddlers first become full participants in generating sustained
coordinated action in such well-practiced rituals as “peek-a-boo,” give-and-take, and
picture-book “reading” (e.g., Adamson, 1996; Bruner, 1983; Schaffer, 1984). The topics
of rituals become understood by the infant as a result of repeated experience with the
ritual. To engage in a ritual initiated by someone else, the infant only has to recognize
the familiar play actions and respond appropriately. To initiate the ritual, the infant only
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has to perform one of its distinctive actions and his or her intent is likely to be under-
stood by the partner with whom this ritual has so often been enacted. Outside of these
rituals, however, specifying a topic for coordinated action is a difficult task for toddlers.
Imitating one of a partner’s actions upon an object of joint attention seems an excellent
nonverbal way of highlighting one action of the many possible and suggesting it as a topic
for interaction. It may communicate something like “Let’s do this together” or “I like
this” (cf. Uzgiris, 1991).

What evidence supports this claim that imitating a peer’s actions helps establish a topic
for sustained coordinated action? First, imitative acts tend to beget further imitative 
acts, thus establishing a common topic – the act itself. An adult’s imitation of 24-month-
old toddlers’ play actions (versus performing an unrelated act with the same toy) led to
toddlers more often continuing to act on that toy. Further, given that they continued,
they were over twice as likely to perform the same play action again and hence imitate
the adult (Eckerman & Stein, 1990). Similarly, in the longitudinal peer study from 
16 to 32 months of age, toddlers markedly increased their reciprocating imitative 
acts at the same time as they increased their initiating imitative acts – that is, they
responded to being imitated by performing the same action again and thus engaging in
reciprocal imitation (Eckerman, 1993b). Once a reciprocating imitative act occurred,
there was a high probability (.52) that it would lead to a subsequent reciprocating imi-
tative act and hence the generation of a game composed of both children alternating in
performing similar actions.

Further evidence comes from the games actually generated by the toddler peers. Imi-
tative acts formed the content of the game role for one or both children in 85 percent of
the games. Reciprocal imitation games were the most frequent form (57 percent of the
games); both toddlers took turns repeating similar play actions. But imitative acts enabled
other forms of games, too, the most frequent of which (40 percent) were generated by
one child performing different play actions across successive turns and the other child
imitating each in turn, either “follow-the-leader” games composed of distinctive play
actions involving body parts or objects or “lead-follow” games composed of playful move-
ments to different points in a room. Imitative acts also enabled a few games with an 
even more complex structure, games in which a follow-the-leader sequence formed the
content of a game turn and that sequence was repeated in similar form over subsequent
turns, as in Table 12.1 (Eckerman, 1993a). The reciprocal imitation games, too, were
quite creative affairs, described better as variations on a theme than repetitive duplica-
tion of the same action. The understanding that “we are imitating each other” seemed to
enable the toddlers to vary their play actions across turns, adding more and more ele-
ments at times, or deleting some and adding others, while still smoothly maintaining
their reciprocal imitation game. If we put these three findings together (the tendency for
imitative acts to beget reciprocating imitative acts, follow-the-leader sequences, and vari-
ation in the form of the imitative act by adding and/or omitting elements), it is possible
for toddlers to generate a nearly inexhaustible variety of new forms of cooperative co-
ordinated action.

During the same developmental period in which ready imitation of a peer’s nonver-
bal play actions emerges, other nonverbal ways of behaving that facilitate cooperative
coordinated action also appear. Musatti and Mueller (1985) assessed changes in the ability
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to sequence a variety of signals directed toward a peer with an act suggesting a theme for
their play. For toddlers meeting daily in a playgroup, social planning, turn-taking, and
playfulness expressions increased markedly around 18 months of age, as did the number
of these expressions that were combined during a single performance of a play theme.
Social planning expressions occurred 1–3 seconds prior to the play theme act and included
looking intently at or gesturing, vocalizing, or smiling to the peer. Turn-taking expres-
sions occurred at least 1 second after the performance of the play theme and included
new looks to the peer, sustained intense gaze at the peer, or pointing to an object impor-
tant to the theme. Finally, playfulness expressions occurred either during or after the
theme expression and included exaggerated forms of affective expressions (laughter,
screeches, playful exaggeration of action). Musatti and Mueller considered these expres-
sions evidence of representational growth and reasoned that representational growth (or
planning to share a theme with a peer) contributed importantly to toddlers’ abilities to
generate interactions with shared meaning. Whether these expressions and their combi-
nations begin to increase in frequency at the same time as toddlers’ imitation of one
another, earlier, or later remains unknown.

While Musatti and Mueller examined changes in “invitations to play,” Ross and Lollis
(1987) examined changes from 9 to 18 months of age in signals for a partner to 
reengage in a game. An adult established a game with the child and then failed to 
take her turn for 15 seconds. Seven potentially communicative acts occurred more 
often during these interruptions than when the game was proceeding smoothly – 
vocalizations to the adult, alternating gaze between the adult’s face and the object 
involved in the game, pointing to or touching the adult, offering or giving the toy to the
adult, showing the toy to the adult, repeating the child’s turn, and taking the adult’s turn.
Four of these increased significantly with age – vocalizing, showing the toy, offering the
toy, and taking the adult’s turn – as did the number of different communicative acts
emitted during an interruption and the frequency with which the children combined
communicative acts into a “message” that included reference to the adult as the play
partner, the object involved in the game, and the actions constituting the game. Although
these findings come from games with an adult who presumably had helped the child 
to understand what they were doing together, they suggest important changes that may
come into play in toddlers’ games together once they have been established by other
means.

A final example concerns toddlers’ changing abilities to solve a problem requiring them
to assume complementary roles in a temporally coordinated way (Brownell & Carriger,
1990, 1991). This appears a more difficult task than generating games by means of imi-
tative acts. One child had to manipulate a handle on one side of an apparatus in order
to provide access in another location to an attractive toy, while the other child had to be
in the appropriate location to get the toy when a barrier was removed as a result of the
first child’s action. Solutions did not occur until 18 months of age, and even at this age
the toddlers’ “cooperation” appeared serendipitous. One child seemed to note the effects
of the other child’s manipulation and take advantage of them opportunistically. At 24
and 30 months of age, however, the toddlers solved the problem multiple times and more
quickly each time, suggesting purposeful, jointly regulated coordination of their behav-
ior. They more often followed manipulation of the handle with a pause that gave time

Peers and Infant Social/Communicative Development 333



for their peer to respond, gave vocal and gestural directives, and moved to the appropri-
ate positions opposite one another.

Cognitive Developments and the Development of Cooperative 
Coordinated Action

Numerous changes in toddlers’ cognitions occur during the general developmental period
in which their ready imitation of one another, sustained coordinated action, and col-
laborative problem solving emerge. There are changes in combinatorial abilities (Brownell,
1986, 1988; O’Connell & Gerard, 1985), negotiation strategies (Klimes-Dougan, 1993),
volitional behavior (Bullock & Lutkenhaus, 1988), abilities to generate new means to
achieve a goal (Frye, 1991), and understandings of self and others (Asendorpf, 
Warkenton, & Baudonniere, 1996; Brownell & Carriger, 1990, 1991; Meltzoff, 1995;
Pipp, Fisher, & Jennings, 1987). Changes in toddlers’ understandings of themselves and
others seem most pertinent for understanding developmental changes in cooperative 
coordinated action. To maturely cooperate with others would seem to demand an 
understanding of both self and others as active independent agents, an understanding of
both one’s own and another’s goals, an ability to negotiate to arrive at a common goal,
an ability to monitor another’s actions in relation to one’s own actions, and an ability to
monitor one’s own and the partner’s actions with respect to a joint goal in order to make
corrections, to develop new means, and so on.

Despite the intuitive appeal of such ideas, little research has been done relating inde-
pendently assessed cognitive skills to toddlers’ coordinated action. Only a few hints of
relationships exist. One study (Asendorpf & Baudonniere, 1993) demonstrated that more
holding or manipulating of the same play material occurred in dyads of 19-month-olds
when both showed self-awareness (assessed by a mirror-recognition task) than when one
or both failed to show self-awareness. A subsequent study (Asendorpf et al., 1996) found
that much longer bouts of imitation of an adult’s different play actions occurred for 18-
month-olds who showed self-awareness. The researchers argued that the capacity for self-
awareness relied upon the same capacity to form secondary representations that was
necessary to take the perspective of a social partner, and that an understanding of another’s
intentions or plans was a necessary prerequisite for coordinated action. Another study
(Brownell & Carriger, 1990, 1991) related toddlers’ success in solving a problem requir-
ing cooperation in performing complementary acts to toddlers’ understanding of others
as active independent agents (assessed through elicited imitation of pretend sequences
with dolls). It was not until 24 months of age that truly cooperative problem solving
began to be seen, and 24.6 months was the average age at which the toddlers seemed to
recognize others as active independent agents. Finally, there is the provocative demon-
stration by Meltzoff (1995) that 18-month-olds seem to process another’s actions in terms
of his or her intentions and choose to imitate the “intended” action rather than the actions
actually performed by the other. Although we are unaware of any attempt to relate this
achievement to the generation of coordinated action, such a study would be most 
interesting.

Beyond the important issue of reaching agreement on how to assess the cognitive 
and social achievements that we wish to relate to one another lies the thorny problem of 
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how to reason about the meaning of any correlations obtained. Recent research related
to toddlers’ coordinated action is still seeking correlations between cognitive and social
achievements; the difficult task of determining whether any causal relationships exist
remains.

Integrating Verbal and Nonverbal Means of Generating 
Coordinated Action

The generation of sustained nonverbal forms of cooperative coordinated action is not 
the end of our developmental story for toddlers. After the emergence of these nonverbal
forms, toddlers increasingly integrate their burgeoning language production abilities into
their nonverbal coordinated action. They accompany their nonverbal imitative acts with
words describing these acts, use words to direct each other in their nonverbal coordinated
action, and respond verbally in a topically connected way to each other’s verbalizations
(Eckerman, 1993a; Eckerman & Didow, 1989, 1996).

The bouts of nonverbal coordinated action appear to facilitate toddlers’ develop-
ment of verbal means of achieving coordinated action. Further analyses of the peer 
dyads observed from 16 to 32 months of age revealed that regulatory speech (using 
words to direct a peer’s actions) only began to increase during the four months after
the emergence of ready nonverbal imitation (Eckerman & Didow, 1996). Regulatory
speech that negotiated the roles to be played by the two children (e.g., “Play ball” or
“Jump”) increased first, followed later by regulatory speech that addressed such details as
the timing of the acts (e.g., “Wait”) or a partner’s attention (e.g., “Watch”). Also, verbal
descriptions of one’s own nonverbal action (e.g., “I get it”) began to increase eight months
after ready imitation emerged. Further, answering the peer’s verbal utterances in a the-
matically well-connected way (that is, rudimentary verbal conversations) began to
increase, too, only when the peers began to readily imitate each other’s nonverbal actions.
Finally, both regulatory speech and thematically related verbal responses occurred 
much more often during the games formed of nonverbal imitative acts than during the
times the two children were engaging the same play material in a non-conflictual, less-
coordinated way.

We propose that as toddlers generate games by means of nonverbal imitation, they are
generating joint understandings of what they are doing together. These joint under-
standings then aid them in talking about their activities and understanding and mean-
ingfully answering each other’s speech. Thus, through their nonverbal imitative acts,
toddlers themselves appear to scaffold their own efforts at verbal communication with one
another.

A Proposed Developmental Pathway to Cooperative Coordinated Action

A developmental sequence for how toddler peers come to generate cooperative co-
ordinated action can be gleaned from the research reviewed so far (see Table 12.2). At 16
months of age, toddlers’ skillful participation in cooperative coordinated action is
restricted largely to such well-practiced rituals of interaction with adults and older chil-
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dren as peek-a-boo, stack-and-topple, give-and-take, and playing ball. However, there is
much sociable behavior directed toward peers and a variety of forms of social influence
that may aid infants in developing the skills required for cooperative coordinated action.
Going to and acting upon the same objects as one another, for example, solves the task
of achieving joint attention to an object and would seem to place young peers in a posi-
tion to learn much about one another.

Ready imitation of peers’ play actions emerges toward the end of the second year of
life and brings a major advance in toddlers’ ability to generate coordinated action. The
tendencies to (1) reciprocate imitative acts, (2) perform imitative acts as variations on a
theme, and (3) generate follow-the-leader sequences of imitative acts enable toddlers to
generate a seemingly infinite variety of non-ritualized forms of sustained cooperative
coordinated action. Such cognitive skills as viewing others as active intentional agents and
inferring the goals/intentions of others may be integrally involved with these behav-
ioral developments, as well as with the new advances found in social planning, turn-
taking, and playfulness signals, and signals to a partner to resume a role during game
interruptions.

In the next step, toddlers integrate verbal means of communication into their non-
verbal coordinated action. In generating nonverbal coordinated action, toddlers generate
joint understandings of what they are doing together that aid them in talking to each
other and answering each other’s talk about their joint activity. They come to verbally
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Table 12.2 A proposed developmental progression in toddlers’ generation of cooperative coordi-
nated action

16 months Participation in ritualized coordinated action. Toddlers’ participation in 
coordinated action is largely restricted to well-practiced rituals of 
interaction, usually with familiar older partners. Sociability and social 
influence characterize peer interaction but little sustained coordinated 
action occurs.

20–24 months Emergence of ready imitation and non-ritualized coordinated action with peers. 
Toddlers now readily imitate the nonverbal actions of others in social 
encounters and respond to others’ imitation of them with reciprocating 
imitative acts. Through these nonverbal imitative acts, they now generate 
sustained non-ritualized forms of coordinated action (e.g., reciprocal 
imitation and follow-the-leader games), even with unfamiliar partners and 
those no more skillful than themselves (i.e., peers). New social-cognitive 
skills, representational skills, and ways of responding to game interruptions 
are seen.

28–32 months Integrated verbal and nonverbal means of achieving coordinated action. Words 
are increasingly integrated into toddlers’ nonverbal coordinated action with 
peers (e.g., verbal imitation, regulatory speech, topically well-connected 
verbal responses and verbal descriptions). Rudimentary verbal 
conversations between peers occur embedded in bouts of nonverbal 
coordinated action.



direct each other in this activity, describe their nonverbal actions, and generate verbal
conversations embedded within their nonverbal coordinated action.

We can add that, still later, children become capable of generating the games or con-
versations composed solely of verbal turns so aptly described for preschoolers by Garvey
(1974). Later, too, we suspect that imitative acts come to play a less important role in
the generation of cooperative coordinated action as the children’s verbal skills increase
(e.g., Baudonniere, 1988; Grusec & Abramovitch, 1982; Nadel & Fontaine, 1989).

Three further points about the proposed pathway require stressing. First, it is derived
largely from the study of unfamiliar US peers. A study among the Seltaman people of
Papua New Guinea (Eckerman & Whitehead, 1999), however, found some key similar-
ities in a markedly different cultural context. Ready imitation of one another emerged
among the Seltaman toddlers during the same developmental period as for the US 
toddlers and functioned similarly to enable them to generate sustained cooperative co-
ordinated action – a wide variety of reciprocal imitation games. The behavioral content
of the games differed from that of the US toddlers, however, in ways predictable from
the different socialization orientations of the two cultures. Still, in different cultural set-
tings and/or with more familiar peers, we might find other pathways to cooperative co-
ordinated action, differences in the timing of this pathway, or the need to elaborate the
pathway further.

A second point is that the ages given are rough guidelines. They are the median ages
for unfamiliar US peers observed at four-month intervals (Eckerman et al., 1989). Even
within this study, there were marked individual differences. Although ready imitation of
a peer’s play actions occurred at a median age of 20–24 months, two dyads already showed
this phenomenon at 16 months and one failed to show it even at 32 months.

The final point is that an emphasis on the role of imitative acts in enabling toddlers
to generate non-ritualized forms of cooperative coordinated action is not necessarily in
conflict with earlier suggestions that games composed of complementary roles or recip-
rocal roles (reversing complementary roles) are the more mature forms of coordinated
action seen among toddlers (e.g., Howes & Matheson, 1992; Mueller & Lucas, 1975;
Ross, 1982). Imitative acts can be central players in the generation of games with com-
plementary roles (e.g., follow-the-leader and lead-follow games). There also are comple-
mentary features to many of the games called reciprocal imitation games. When two peers
take turns hitting their ball against the peer’s ball, one child takes the role of holding his
or her own ball to be hit and the other child takes the complementary role of hitting the
ball, and then these complementary roles are reversed. All turn-taking games in fact have
a complementary feature and role reversals – one child waits while the other child takes
a turn and then these complementary roles are reversed.

Peer Interactions in Day-care Contexts

We turn now to attempts to understand the emergence of cooperative coordinated action
among infants who meet near-daily in a group context. Research here is more difficult
since these group contexts exist for reasons other than research. Children enter and 
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leave the groups according to their families’ needs and the availability of space within 
the group, and adult caregivers may change as well as philosophies about how to struc-
ture the physical environment and manage young children in groups. These changes pose
substantial problems for attempts to trace the development of infants’ skills in interact-
ing and communicating with one another; and they make it difficult to compare across
group settings. Children, too, are not randomly assigned to different care settings; parents
with different characteristics may choose different group settings. The research of 
Howes and her colleagues in a variety of day-care settings (e.g., Howes & Stewart, 1987)
illustrates well the multiplicity of factors to consider in interpreting observations in 
such settings.

As a result, our understanding of the developmental course of coordinated action in
day-care contexts has lagged behind that provided by the more laboratory-based research.
Still, day-care settings provide such rich and extensive early exposure to peers that, in
other ways, they are an ideal setting for research. Further, they are a prime context in
which children in many cultures are today interacting with peers and they form an exten-
sive part of the social experience of many infants. Hence, they warrant study in their own
right. Although it is beyond the scope of this chapter to explore the multiplicity of factors
that influence early peer interactions in day-care settings, we will summarize what can be
gleaned about the general developmental course of coordinated action over the first two
years of life.

Howes and her colleagues have sought evidence in day-care settings for a hypothesized
developmental sequence of the complexity of peer play (the Howes Peer Play Scale; see
Howes, 1980, 1988; Howes & Matheson, 1992). In its 1992 form, the proposed sequence
begins with parallel play (peers are close together and engaging in the same activity but
they do not acknowledge one another) and progresses sequentially to simple social play
(peers engage in similar activity and in some further social interaction such as smiling,
talking, or offering/taking toys), complementary and reversible game roles (peers enact com-
plementary and reversible game roles in such games as run-and-chase or peek-a-boo),
cooperative social pretend play (peers enact complementary roles within social pretend
play), and complex social pretend play (social pretend play accompanied by some form 
of metacommunication such as naming the roles, assigning roles, or prompting one’s
partner).

In a longitudinal test of this sequence, 48 children in a variety of US day-care settings
were observed six times, starting when they were between 13 and 24 months of age and
then at successive six-month intervals (Howes & Matheson, 1992). The highest level of
play complexity did indeed increase as expected with age. Complementary and recipro-
cal play was the highest level for the majority of children during their second year, whereas
cooperative social pretend play was the highest level during the third year. These findings
led to the claim that attaining complementary and reciprocal play was the central achieve-
ment of the second year of life – a conclusion that could be at odds with our emphasis
on the role of imitative acts in generating games.

Several problems, however, arise in trying to relate these findings to those leading to
the developmental progression of Table 12.2. Reciprocal imitation games are not explic-
itly mentioned in the Howes Peer Play Scale; hence we do not know how they were coded.
More generally, the absence of descriptive information about the reciprocal and comple-
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mentary play observed in the day-care centers means we cannot determine to what extent
imitative acts occurred within these games. Remember that the games generated through
imitative acts often had complementary role features to them as well as the reversal of
roles. The focus in the day-care study, too, was upon determining the highest level of play
achieved by a child at a given age, whereas the focus of the studies emphasizing imitative
acts was more on how cooperative coordinated action was customarily generated. No dis-
tinction was made between rituals/routines and non-ritualized games in the day-care
setting, whereas the developmental sequence of Table 12.2 emphasizes the role of imita-
tive acts in enabling non-ritualized games. Finally, given the availability of peers of several
different ages in the day-care context, we do not know whether the level of play seen for
a child reflects the skills of that child versus the skills of an older child who scaffolded
the younger child’s activities. Scaffolding by an older child is plausible given that younger
toddlers “prefer” interaction with older toddlers in day-care settings (e.g., Rothstein-Fisch
& Howes, 1988) and that dyads composed of a younger and older toddler show some
forms of interaction more characteristic of the older toddler (e.g., Brownell, 1990). Thus,
it remains unclear from the studies of Howes and her colleagues whether toddlers in day-
care settings show more coordinated action with only complementary roles or whether
they, too, construct most of their cooperative coordinated action (games) using imitative
acts. Although Camaioni, Baumgartner, and Perucchini (1991) explicitly sought to
examine the developmental course of complementary versus imitative interactions within
one Italian day-care center, their definitions of complementary and imitative interactions
differed markedly from those of the studies already reviewed and hence cannot resolve
this issue.

Fortunately, other research provides detailed descriptions of some of the phenomena
found among young peers in day-care settings. Although this research does not document
the developmental course of coordinated activity, it provides useful hints about develop-
ment. For example, Verba and her colleagues (e.g., Stambak & Verba, 1986; Verba, 1994;
Verba, Stambak, & Sinclair, 1982) observed small groups of familiar children (13- to 
17-month-olds, 1.5- to 2-year-olds, and 2- to 4-year-olds) within day-care centers and
preschools in France. Three different “modes of collaboration” were described as occur-
ring within all three age groups (Verba, 1994). The observation-elaboration mode occurs
when one child’s activity triggers activity in another and serves as a model for the other
child’s activity. The second child either reproduces the same activity or elaborates/extends
the activity. There is little further direct social exchange. The co-construction mode involves
children putting their activities together to achieve a shared goal that either has been 
predefined or develops during the course of interaction. The activities of the children 
may be either similar or different. Negotiation occurs between the partners to establish
joint understandings and the participants share management of the activity. Finally, in
the guided action mode one child manages the interaction by guiding the activities of
another child (e.g., through prompting or demonstration or affective signals) in relation
to an explicit or inferred goal.

The examples detailed for each of these modes of collaboration during the first two
years of life all include imitative acts as central features. Further, when the collaborations
are extended ones, the descriptions are similar in flavor to the games described for tod-
dlers brought together for research purposes. In one sequence between two 14-month-
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olds, for example, the two children first take turns licking a piece of paper, with some
offering of the paper to each other. The sequence then evolves into exchanges of the paper
without licking, and later into a short sequence of taking turns in both offering and licking
the paper. These examples, too, illustrate the intermixing of imitative and complemen-
tary features in toddlers’ cooperative coordinated action.

Beyond these similarities, the studies of Verba and her colleagues introduce two 
new elements. First, the conceptualization of the three modes of collaboration provides
a useful tool for future studies of the developmental course of cooperative coordinated
action. Second, examples of sustained cooperative coordinated action are provided for 
the youngest group observed (13- to 17-month-olds), suggesting that familiar peers in
day-care contexts may generate sustained coordinated action at even younger ages than
customarily observed for less familiar peers.

Another new element highlighted by studies in day-care contexts is the occurrence 
of routines, or well-practiced rituals of interaction, among young peers. Corsaro and
Molinari (1990) analyzed three routines occurring within an Italian asilo nido (a day-care
setting for children from about 6 months to 3 years of age). In one routine (“little chairs”),
the children pushed several little chairs into the middle of the room, arranged them with
other pieces of furniture into a path, and then walked on top of the chairs and furniture
and jumped off with great noise and excitement. Again, the examples provided reveal fea-
tures already emphasized in the laboratory-based research – a predominance of doing the
same actions together or in turn (imitative acts), embellishments or slight alterations of
the activities imitated (variations upon a theme), the intermixing of complementary fea-
tures (e.g., putting a chair where a peer has pointed) with imitative action, and the use
of verbalizations to regulate the largely nonverbal activity.

Such routines, while influenced by the physical characteristics of the day-care setting
and perhaps by the activities adults structure for the children, nevertheless appear to be
independent peer productions and core elements of what we might call the peer culture.
Descriptions of routinized patterns of cooperative coordinated action also appear for peers
meeting repeatedly in a playgroup (e.g., curtain-running; Brenner & Mueller, 1982), as
well as in others’ descriptions of toddlers’ interactions in day-care centers (e.g., Lokken,
1996; Musatti & Panni, 1981). It remains to study how these routines get started and
develop across time, determine the role of imitative acts in their formation, and deter-
mine how early in development they are seen and whether their frequency and/or form
changes with the developmental status of the participants.

A phenomenon of “group glee” also has been detailed for toddlers in day-care settings,
a phenomenon that seems at times a routine of interaction, and at other times a new con-
struction. In her study of Norwegian toddlers in two day-care centers, Lokken (1996,
personal communication) detailed episodes she called “group glee” after Sherman’s (1975)
description of these episodes among nursery school groups as “joyful screaming, laugh-
ing and intense physical acts which occurred in a simultaneous burst or which spread in
a contagious fashion from one child to another.” In 12 hours of videotaping there were
at least 13 eruptions of group glee. The longest eruption lasted for 11 minutes and was
described as a series of group glee “bubbles” successively rising to the water surface. Each
bubble consisted of as many as six toddlers engaging together in such acts as banging on
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a table with laughter, shouts, and smiles. In some instances of group glee, fragments of
activities engaged in with adult caregivers occurred (e.g., up to five well-known songs
were recognizable). Other instances of group glee seemed to start out as fortuitous occur-
rences (e.g., hand clapping and thumping a table at the end of a meal), but then became
ritualized to become a persistent part of ending the meal. Lokken suggested that par-
ticipating in group glee furthered the feeling of being related to the group; thus, it too
may be a component of the peer culture.

What, then, have we gleaned about the developmental course of coordinated peer
action from studies of young peers in day-care settings? First, importantly, we find many
parallels to the phenomena described for less familiar peers meeting in research settings
(e.g., sustained episodes of cooperative coordinated action in which imitative acts play
central roles, repeated changes in the elements added to or omitted from imitative acts
that result in coordinations best described as variations on a theme, the intermixing of
imitative and complementary features, and the use of words and conventional gestures
to direct the largely nonverbal coordinated action). Second, sustained episodes of co-
operative coordinated action may be seen at earlier ages in day-care contexts, although
the reasons for this are not yet clear (e.g., the greater familiarity with specific peers, the
greater experience in peer interaction, the presence of older toddlers who scaffold the
efforts of younger ones, or greater ease in achieving jointly understood topics as a result
of routines or rituals). Third, we find descriptions of specific routines of cooperative coor-
dinated action in day-care settings that appear to be independent constructions of the
children, rather than generalizations to peers of rituals engaged in with adults. It remains
unclear, however, how these rituals emerge and change across time, the extent to which
they are built upon fragments of activities with adults, whether such rituals are even
earlier-emerging forms of cooperative coordinated action with peers than those forms that
appear to be newly constructed on-the-spot, whether rituals are more characteristic of
peer interactions in the day-care context than non-ritualized cooperative coordinated
action, and what role imitative acts play in the generation of these rituals. Finally, these
rituals as well as the phenomenon of group glee raise the possibility that coordinated
activity among peers both generates and reflects a “peer culture” that develops within each
day-care setting.

We can use these gleanings to speculate about how the developmental progression sug-
gested earlier may need to be modified as we learn more about the interactions of tod-
dlers in day-care contexts (see Table 12.3). First, rituals of cooperative coordinated action
may develop among peers in familiar group contexts earlier than the non-ritualized forms
that emerge among less familiar peers toward the end of the second year of life. With
their parents, infants first become skillful partners in generating coordinated action within
well-practiced rituals and only later become skillful in non-ritualized and non-scaffolded
interactions. We may find a similar progression for peer interactions within day-care set-
tings. Second, we may find that the three modes of collaboration distinguished by Verba
and her colleagues form a developmental progression within rituals and/or non-ritualized
forms of cooperative coordinated action. Young peers may first construct cooperative
coordinated action in the observation-elaboration mode and only later in the co-
construction and guided action modes. Third, we may find that the developmental
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pathway is sped up for familiar peers observed in day-care contexts. Finally, we may dis-
cover still further forms of coordinated action among peers in day-care contexts, and espe-
cially forms that appear the result of group processes.

Are Peer Conflicts Episodes of Coordinated Action?

Conflictual interactions also may inform us about the development of coordinated action.
A conflictual act occurs when one participant opposes, actively resists, or interferes with
the actions of another. For some researchers (e.g., Hay & Ross, 1982), a conflict begins
with the first conflictual act and continues until there are no conflictual actions for at
least 30 seconds. Others require that both participants engage in conflictual actions before
a conflict is said to exist (e.g., Brenner & Mueller, 1982; Shantz, 1987); a conflictual act
has to be met with an answering conflictual act. Note that both ways of defining a con-
flict demand less sustained coordinated action between peers (that is, acting on the same
theme) than does the customary definition of a game, which requires at least two the-
matically related acts by each participant. Still, the second definition seems to possess the
same two characteristics stressed for cooperative coordinated action; there is mutual social
influence and the actions of the participants are thematically related.
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Table 12.3 Potential modifications to the developmental pathway of Table 12.2 suggested by
studies of (1) coordinated action among toddlers in day-care settings and (2) peer conflicts

16 months and younger Conflicts and routines of cooperative coordinated action. Conflictual 
coordinated action occurs as well as rituals or routines of 
cooperative coordinated action with peers (especially among 
toddlers meeting near-daily in group care settings). Both may 
contribute to the social and cognitive skills that later enable peers 
to generate non-ritualized forms of cooperative coordinated action.

20–24 months Modes of structuring cooperative coordinated action. As non-ritualized 
forms of cooperative coordinated action appear among peers, 
a developmental progression may be found in how they are 
structured (e.g., from an observation-elaboration mode to co-
construction and guided action modes). As the later modes emerge, 
truly collaborative problem solving with complementary roles 
becomes possible.

Throughout Variations in developmental pace and new group phenomena. The 
typical ages for the emergence of new forms of coordinated action 
may differ for children in group day-care settings versus children 
with less exposure to peers and/or peers in a group context. Also, 
new phenomena of coordinated action may be found in day-care 
settings that reflect group processes and contribute to a peer 
culture.



In contrast to cooperative coordinated action, there is little evidence of developmen-
tal change in conflicts during the second year of life – in their frequency, duration, or
topic (see review by Hay, 1984). While conflicts occur often when toddlers meet, they
typically are quite brief and account for only a small proportion of their time together.
Most conflicts involve struggles over play material, although sometimes toddlers protest
behaviors not related to object possession (e.g., a hug or touch, or when a peer begins to
act). Conflicts do become more verbal over the first three years of life, but descriptions
of prolonged verbal conflicts only appear for preschoolers (e.g., Eisenberg & Garvey,
1981).

More informative for our purposes are studies detailing how children communicate
and influence one another during conflicts. Hay and Ross (1982) have highlighted 
the social nature of conflicts over objects. The same pairs of initially unfamiliar 21-
month-old toddlers were observed over three play sessions; and then for the fourth session,
half the toddlers met again with the same peer and half met with a new peer. Several find-
ings suggested that their conflicts were quite social affairs. First, conventional commu-
nicative gestures (e.g., gestures to go away or shaking the head “no”) and words (e.g.,
“no,” “mine,” or “my ball”) often occurred during the conflicts – behaviors that depend
upon effective communication with another for their presumed desired effect. Second,
there was a patterned structure to the conflict; different types of acts tended to 
occur at the beginning, middle, and end of conflicts. Third, the outcome of a prior con-
flict affected the next conflict; the child who lost the prior conflict was more likely to ini-
tiate the next one. Fourth, experience with a particular peer altered the toddlers’ behavior
during conflict; how ready a toddler was to yield during the fourth session could be pre-
dicted from the toddler’s experience during the first three sessions, but only for those tod-
dlers who met with the same peer rather than a new peer. Finally, there were indicators
that power over the peer’s actions might be a salient factor in these object-centered con-
flicts. The toddlers often dropped the toy they had just successfully wrested from or
defended against the peer; or they showed no interest in the toy beside them until the
peer reached for it.

Other analyses of conflicts also have highlighted their potential for communication
and mutual influence. Bronson (1981) in longitudinal observations of familiar children
in a group noted that the longest sequences of alternating peer-directed behaviors
throughout the first two years of life were conflicts. Brenner and Mueller (1982), when
looking for evidence of “shared meaning” in the interactions among peers in a playgroup,
found that conflicts over objects provided one of the earliest forms of shared meaning.
Only later did the children seem to share meanings in more cooperative interactions.
Finally, Didow and Eckerman (1991) compared toddlers’ use of speech with one another
during conflicts and cooperative games; both contexts facilitated toddlers’ use of speech.
They argued that both games and conflicts readily led to joint understandings of what
the two children were doing together and hence increased their use of speech.

We suggest that infants have relatively little trouble negotiating a common conflictual
topic. Infants readily go to the play material another is manipulating and attempt to
manipulate it also. Often these attempts interfere with another child’s activities. Thus, a
conflictual act occurs; and another’s conflictual act, since it opposes, resists, or interferes
with one’s own action, has both a demand quality and an immediately clear, under-
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standable relation to one’s own actions – it interferes with it. The infant only has to
attempt to continue in his or her own action to respond in a thematically related way, in
this case with an answering conflictual act, and a conflict is established.

Realizing the different demands placed upon the infant to generate conflicts versus
cooperative coordinated action helps explain why conflicts occur earlier in development.
This realization also raises the provocative possibility that infants’ experiences in 
conflicts may facilitate their development of the skills required for cooperative co-
ordinated action. Could experience in peer conflicts aid toddlers in coming to understand
distinctions between themselves and others and in viewing others as similar to themselves
in being autonomous, intentional agents of action? Or, could experience in using 
words in conflicts aid toddlers in learning effective ways of using words to affect a peer?
Viewing both conflicts and games as patterned interactions where acts are thematically
related to one another and meaningful communication occurs, and realizing that young
peers experience many conflicts before they start to generate sustained cooperative co-
ordinated action together raise just such questions. Hopefully, they will prod further
research.

Concluding Comments

It remains to ask what our understanding of the development of coordinated action
between young peers suggests about the roles of peers in infant social/communicative
development. Four points will be briefly mentioned. First, the study of what transpires
between young peers has opened our eyes to the substantial demands placed upon a young
child to generate cooperative coordinated action with another outside of well-practiced
rituals of interaction and outside of scaffolded interactions with more skillful partners.
The developmental pathway toward generating cooperative coordinated action with peers
is a long and demanding one. By analyzing these demands and the skills required, studies
of early peer interaction have highlighted questions about infants’ social, communicative,
and cognitive skills whose answers promise to greatly enrich our understanding of infant
social/communicative development.

Second, the fact that peers are near equals in social/communicative skill means that
when they do generate non-ritualized coordinated action with one another, they are more
likely to be equal partners in both generating and maintaining the coordinated action
than in interactions with their parents, other adults, or siblings. During play times with
adults, toddlers often determine the topic for play depending upon what objects they
engage and what they do with them; adults, then, build upon the toddlers’ activities,
actively adjusting their actions to those of the toddler to structure their time together 
and create alternating action on a common theme. With older siblings, toddlers less often
even determine the topic of play; older siblings often direct toddlers’ activities, telling
them what to do and what to touch, performing antics with toys to engage the toddler’s
interest, and at times generally bossing them about (e.g., Dunn & Kendrick, 1982). Thus,
in their interactions with peers, infants and toddlers often face more and harder task
demands to make interpersonal things happen; and these task demands as well as infants’

344 Carol O. Eckerman and Karen Peterman



experiences upon successfully meeting them may well contribute distinctively to their
social/communicative development.

Third, the coordinated action generated by peers provides distinctive experiences 
with others that may facilitate toddlers’ development of social-cognitive skills. Recipro-
cal imitation games, for example, would seem a prime context for toddlers’ experiencing
both their separateness and similarity to one another as well as experiencing success 
in inferring another’s goals/intentions. Separateness would seem facilitated by the turn-
alternation structure of such games and variations in the imitative acts, while similarity
would seem to be especially perceptually salient given that the two children are doing
very similar actions. Further, success in inferring the goals/intentions of another 
would seem facilitated, given that the goal of the other is the same or similar to one’s 
own – doing similar things together. Perhaps much of the excitement and attraction 
of extended bouts of doing similar things together results from these experiences. 
Even though adults and older children imitate toddlers’ actions on occasion, they 
seldom do so for many routine play actions of toddlers (e.g., running, jumping, throw-
ing objects, spitting) or the prolonged periods of time often involved in peer interactions.
Similarly, conflicts during play likely occur more frequently among peers than with 
adults; and these too may provide distinctive opportunities for learning new social and
cognitive skills.

Finally, among young peers who meet near-daily in group contexts, we may continue
to find phenomena of coordinated action quite unlike those stressed with parents or sib-
lings. Group glee and rituals that appear independent productions of the children have
been mentioned so far, but we may discover many more such phenomena. These group
phenomena, together with our understanding of how they originate/develop and of the
functions they play in the “peer culture,” also promise to greatly enhance our under-
standing of infants’ social/communicative development.

Further Reading

Corsaro, W. A., & Molinari, L. (1990). From seggiolini to discussione: The generation and 
extension of peer culture among Italian preschool children. Qualitative Studies in Education,
3(3), 213–230. This article provides ethnographic descriptions of young children’s interactions 
in an asilo nido (6 months to 3 years) and scuola materna (3 to 6 years of age) in Bologna, 
Italy – group day-care contexts for preschool children. It discusses the methodology of par-
ticipant observation and ethnographic description and presents detailed descriptions of 
three primarily nonverbal play routines that were produced consistently over the course of the
school year by the younger peers. The routines of the younger children are compared to 
those of older children. The authors conclude that peer culture can emerge during the first two
years of life and that this culture shares continuities with the peer culture of older preschool
children.

Eckerman, C. O., Davis, C. C., & Didow, S. M. (1989). Toddlers’ emerging ways of achieving
social coordinations with a peer. Child Development, 60, 440–453. Fourteen pairs of initially
unfamiliar, same-aged children were observed interacting in a laboratory playroom designed to
facilitate cooperative coordinated action at four-month intervals – at 16, 20, 24, 28, and 32
months of age, using the type of detailed observational methodology and quantitative analysis
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of data favored by ethologists. This is the study that first highlighted the pivotal role of non-
verbal imitation of each other’s play actions in enabling young toddlers to form coordinated
responses to each other’s actions and sustained bouts of cooperative coordinated action (games)
when specific rituals of interaction could not be depended upon. Its findings provide the basis
for much of the developmental progression presented in Table 12.2.

Hay, D. F., & Ross, H. S. (1982). The social nature of early conflict. Child Development, 53,
105–113. Twenty-four pairs of initially unfamiliar 21-month-olds were observed in a laboratory
free-play setting and all their conflicts involving objects were examined in fine detail. Each child
was observed with the same partner on three consecutive days; and then on the fourth day, half
the children met with the same partner while the other half met with a new partner. This study
provided a conceptualization of conflict that has been very influential and a variety of findings
that suggested that these conflicts involving objects were quite social affairs. There was patterned
interaction, explicit communicative intent, and social influence both within a meeting and across
successive meetings.

Ross, H. S. (1982). Establishment of social games among toddlers. Developmental Psychology,
18(4), 509–518. Pairs of 15-, 18-, 21-, and 24-month-olds were observed in a laboratory 
play setting. Some pairs at each age received prior training with an adult play partner in spe-
cific games that could be played with the toys that were available; the children of the remain-
ing pairs played independently with these same toys. This experimental manipulation was an
attempt to provide common experiences in how to play together with the toys (a short-term
experience with the same rituals or routines of play), thinking that such experiences might aid
especially the younger toddlers in generating cooperative coordinated action together. The 
overwhelming finding, however, was that the toddlers used new play actions to invite the 
peer to play, to respond to play invitations, and to play games. Games became more frequent
at older ages, and much descriptive detail is provided about the structural complexity of the
games generated.

Verba, M. (1994). The beginnings of collaboration in peer interaction. Human Development, 37,
125–139. Three groups of young peers (13- to 17-month-olds, 1.5- to 2-year-olds, and 2- 
to 4-year-olds) were videotaped in their day-care centers and preschools in France while 
engaged in spontaneous activities with objects. Each episode of shared activity with the 
objects was analyzed qualitatively, resulting in a conceptualization of three basic modes of 
co-elaboration that were observed in all three groups. These three modes were an observation-
elaboration mode in which one child’s activity seemed to trigger the related activity of 
another without any further direct social exchange, a co-construction mode in which two 
children put their ideas/actions together to achieve a shared goal, and guided activity in 
which the related activity of one child is carried out through the help/guidance of the 
other child. Detailed descriptions illustrating these modes are presented for the youngest 
group of peers, and the similarity between the modes of collaboration across age groups leads
to the claim for a functional continuity in social-cognitive processes from infancy to the
preschool period.
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Chapter Thirteen

The Salience of Touch and Physical Contact
During Infancy: Unraveling Some of the
Mysteries of the Somesthetic Sense

Dale M. Stack

It has always fascinated me that two of the earliest sensory experiences in fetal development,
touch and pain, are also the experiences that help us stay in contact with life until life ends.

Fanslow (1984, p. 183)

Overview

The primary objective of this chapter is to provide a detailed overview of the research
regarding touch and development. Given that the chapter is placed in the social, emo-
tional, and communicative part of the handbook, and due to recent directions in the
field, the emphasis will be on touch as it occurs in a social context, between an infant
and another person, usually its caregiver. One objective of the present chapter is to high-
light the importance of parental (especially maternal) touch in early social and emotional
development, specifically focusing on its role(s) in social contexts and communication.
The goal is to provide evidence for the contributions of parental and adult touch to early
interactions and the developing relationship. Although it is important to note that these
contributions extend into cognition and perception by providing the context within
which to practice and learn new skills, a discussion of these domains is beyond the scope
of the chapter. A second objective is to draw together diverse lines of research on touch
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and physical contact and integrate these findings into an emerging body of literature
which both underscores the importance of touch and physical contact and at the same
time points to new directions of investigation.

Introduction

The somesthetic system (kinesthetic and cutaneous processes) is the earliest sensory
system to develop in the human embryo (Maurer & Maurer, 1988; Montagu, 1971), fol-
lowed by the vestibular, auditory, and visual systems (Gottlieb, 1983). Given that the skin
is the largest sensory system in the body, the fact that its capacities are among the most
basic, and the fact that this system matures early, it seems reasonable to expect that the
somesthetic system plays a fundamental role in development. Somesthesis collectively
includes kinesthetic sensitivity, referring to spatial position and movement information
derived from mechanical stimulation of the muscles and joints, and cutaneous sensitiv-
ity, referring to the sensitivity of the skin to touch, pressure, temperature, or pain (Klatzky
& Lederman, 1987; Schiffman, 1982). For purposes of the present chapter, the empha-
sis is on cutaneous sensitivity, specifically the infant’s sensitivity and responsivity to human
touching. However, because it is difficult to separate the tactile from the kinesthetic com-
ponent, the use of the term “touch” refers to both components. Although the size of the
system and its early development suggest a system of fundamental importance, the volume
of research specifically associated with the tactile modality is scant and diverse. Yet along
with its early developmental timing, it is known that fetuses respond to vibroacoustic
stimulation while developing in the womb (e.g., Kisilevsky & Low, 1998; Kisilevsky,
Muir, & Low, 1992; Lecanuet, Fifer, Krasnegor, & Smotherman, 1995; Lecanuet,
Granier-Deferre, & Bushnel, 1989), and that touch/pressure is one of the first sensations
newborns experience (e.g., Maurer & Maurer, 1988; Schiffman, 1982).

Importance of Touch for Nonhuman Species

Evidence for the importance of tactile stimulation for normal development of nonhuman
species is well established. Examples include the survival functions of maternal washing
of the young (Montagu, 1971) and the specific beneficial effects of handling on survival
(Hamnett, 1921, 1922), growth, development, and resistance to disease (Denenberg,
1968), as well as increased exploratory behavior (Denenberg, 1969). Harlow’s (1959)
classic work with rhesus monkeys substantiated the importance of tactile stimulation by
demonstrating that contact was more important than reducing the feeding drive for the
development of social attachment.

Research with rat pups has shown that a mother’s licking and grooming of her pup
regulates its growth (Kuhn & Schanberg, 1998; Schanberg & Field, 1987). This impor-
tant regulatory function, which is only served by the mother, has been investigated by
Hofer (1993) in his work on separation and its effects. Among other things, he demon-
strated that the mother regulates her infant rat pup’s physiology and behavior, and that
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there is a sensory foundation to the mother–infant bond. Stern (1989, 1990, 1996, 1997)
contends that rat pups impel their mothers to nurture them, largely in the form of tactile
stimulation. Relatedly, Schanberg and colleagues (e.g., Kuhn & Schanberg, 1998) have
shown that maternal separation, even for just one hour, produces a decrease in the enzyme,
ornithine decarboxylase, an enzyme necessary for growth. They have also shown that this
change is directly related to the lack of a specific form of tactile stimulation enacted on
the pup by the mother, namely, maternal licking (Schanberg & Field, 1987).

Suomi (1997) has described nonverbal communication in nonhuman primates such
as the rhesus monkey, and argues that tactile stimulation is at the root of such activities
as grooming, play, and sexual and aggressive episodes, and it continues in the form of
rough-and-tumble play. Additional data from primate and rodent models have implicated
physical contact and touch (tactile stimulation) as significant concomitants of the infant’s
ability to regulate its own responses to stress (Levine, 1956, 1960; Levine & Stanton,
1990).

Importance of Touch for Human Infants

The importance of touch for human infants has not gone unnoticed. Classic observations
on maternal deprivation of humans and the lack of tactile stimulation underscored the
potential value of tactile contact (Provence & Lipton, 1962; Spitz & Wolf, 1946). There
were reports of catastrophic effects on infants who were deprived of mothering for lengthy
periods of time and institutionalized infants who were given only the essential care with
no extra attention from staff (Provence & Lipton, 1962; Spitz & Wolf, 1946). This work,
at least in part, led to more systematic work on maternal attachment, bonding, and 
deprivation. According to Casler (1961, 1968), the crucial factors contributing to the
development and behavior of institutionalized infants are the degree of sensory stimula-
tion and the range of experiences. In contrast, Ainsworth (1962) argued that the lack of
intimate relationships is the factor responsible for institutionalized children’s problems.
Unfortunately, the maternal deprivation literature is replete with methodological 
problems, permitting only cautious interpretations. Owing to these limitations, the 
results from past studies cannot answer the question of the necessity of touch for optimal
development of the human organism.

Despite advances and the acknowledged importance of tactile stimulation, the specific
contribution of tactile stimulation to early development (e.g., first year of life) remains
relatively undefined. There is evidence to suggest that touch regulates physiological and
behavioral reactions (e.g., Brazelton, 1990; Montagu, 1986) during early infant develop-
ment. That is, touch can aid in controlling the state of arousal (behavioral state, i.e., 
maintaining alertness, reducing drowsiness, etc.), where state is considered to be an 
organized pattern of responding, at the physical and physiological levels, which is related 
to the activation of the infant (Fogel, 1997). Touch is also an effective stimulus for 
soothing neonates (Birns, Blank, & Bridger, 1966; Korner & Thoman, 1972). In a study
conducted by Korner and Thoman (1972), the magnitude of success in reducing 
crying was greatest when contact had vestibular-proprioceptive stimulation. Nonetheless,
contact alone was effective. In the natural environment, tactile contact and vestibular-
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proprioceptive stimulation are often paired to soothe the baby. In addition, rocking on
the shoulder in the upright position, which includes contact, has been demonstrated to
be effective in quieting distressed newborns of 24–72 hours (Byrne & Horowitz, 1981),
relative to infants merely held at the shoulder or given no intervention at all.

The effects of touch/contact are also seen in studies where touch is used to induce or
change behavioral state. That is, in many studies touch or tactile-kinesthetic stimulation
is used between intervals of a study to maintain alert state in babies, to calm them, or as
an attention-getting stimulus (e.g., Barrera & Maurer, 1981; Muir & Field, 1979). In the
neonate, touch can reduce stimulation, acting like a control system to maintain state.
According to Brazelton (1984), touch can also stimulate the infant, illustrating how touch
can both instigate and maintain communication. Research with humans has also sug-
gested that nonverbal maternal behaviors provide a means of modulating the overall level
of stimulation to which the infant is exposed, potentially facilitating regulation of its own
state and level of arousal (e.g., Koester, Papoušek, & Papoušek, 1989).

Studies of tactile stimulation have focused, to a large extent, on its potential for aiding
the physical or perceptual development of high-risk infants. For example, tactile-
kinesthetic stimulation (often in the form of stroking and flexion and extension, but in
some cases verbal information and encouragement of tactile stimulation) has been shown
to increase weight gain and caloric intake in premature infants (e.g., Helders, Cats, &
Debast, 1989; Scafidi et al., 1990; Watt, 1990). As a result of this focus on physical and
sensory development, less attention has been devoted to touch as it relates to infants’
social and emotional development. Moreover, there has been a general lack of research
on the tactile modality until recently, evidenced by an apparent relative neglect of tactile
over auditory and visual modalities in perceptual research and over facial and vocal 
channels in social-emotional research. If touch is so fundamental, the question can be
raised as to whether it is a communication channel and, if so, what is communicated.
This issue will figure more prominently later in the chapter. In the proceeding sections
the available literature relevant to touch, its effects, and its role(s) during the period of
infancy, particularly as they pertain to social-emotional development, will be covered.
Special emphasis will be given to the first year of life, because it is the most researched
period to date. As well, in most of the literature reviewed it is the mother who is the 
participant; there are fewer studies conducted with fathers to date.

Physical Contact Between Parent and Newborn: 
The Benefits of Touch

Physical contact between parent(s) and their newborn, immediately following the birth
as well as several months later, has received some research attention. For example, spe-
cific forms of maternal contact of their young are displayed by various species. As
described earlier, immediate maternal licking of the newborn of several species (e.g., rat
pups) serves a cutaneous function necessary for survival (Montagu, 1971, 1986). Other
forms of contact continue after birth. For example, primates exhibit varying amounts and
patterns of holding, carrying, touching, and grooming. On the basis of his and other
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similar observations, Montagu suggests an evolutionary progression from licking to tooth
combing to finger grooming to hand stroking or caressing (seen in humans). Schiefen-
hövel (1997) contends that social grooming (grooming that takes place by one or more
individuals [groomers] toward one individual [groomee]) is a “phylogenetically rooted,
culturally repressed behavior” (p. 70). That is, while still occurring in humans of 
industrialized countries, Scheifenhövel argues that grooming is much reduced, and often
activities considered social grooming are professionalized (e.g., hair stylist, dermatologist,
manicurist, pedicurist, etc.). However, social types of grooming behaviors occur between
parents and their children, even in industrialized societies. Social grooming is also
common among mammals, occurs in diverse species of birds and even among insects. It
is also seen in traditional societies (e.g., Eipo of Western New Guinea, Trobriand Islanders
of Eastern New Guinea, Bayaka Oygmies, etc.; Schiefenhövel, 1997), and includes,
among other activities, cleaning the body surface of the newborn, removing skin scales,
and gentle massage. What is notable about social-grooming activities for purposes of this
chapter is that they typically involve touching.

The socialization of human newborns and their parents, that first relationship, begins
early, even in the womb. Beyond its survival value, contact and affection between
mother/father and infant are likely to serve the infant’s developing social and emotional
needs. One aspect of research on the role of maternal contact with her newborn has ex-
amined whether there are commonalities in how mothers touch their newborns (e.g.,
Carlsson et al., 1978; de Chateau, 1976; Klaus, Kennell, Plumb, & Zuelke, 1970; Rubin,
1963; Trevathan, 1981). For example, Rubin (1963) reported that mothers follow a 
specific pattern of touching when first handling their newborns, beginning by using their
fingertips then full palms to examine first the infant’s extremities, and then the trunk.
Klaus et al. (1970) not only confirmed Rubin’s findings but also found that mothers of
preterm infants follow the same pattern, but at a slower rate. This pattern has also been
displayed by fathers (Yogman, 1982), although they take longer to show the progression.
In contrast, Trevathan (1981) disputes the argument favoring a species-typical pattern of
touching, as he found no evidence of an invariant pattern of maternal tactile behavior.
Consistent with Trevathan, Tulman (1985) compared mothers and unfamiliar nursing
students’ initial handling of newborns; she found differences between the groups but it
was the students rather than the mothers who followed the typical pattern reported in
the literature.

Kaitz and colleagues (Kaitz, Lapidot, Bronner, & Eidelman, 1992; Kaitz, Meirov,
Landman, & Eidelman, 1993) demonstrated that mothers are uniquely sensitive to their
newborns through the tactile sense. Using an innovative design and procedure, they were
able to show that mothers could recognize their own baby 5–79 hours after delivery by
stroking the dorsal surface of their infant’s hand, and this was without the added benefit
of visual, auditory, and olfactory cues. That is, mothers were blindfolded and their noses
were covered with a scarf. On the basis of their findings, they argued that mothers learn
the special tactile characteristics of their infant during the course of routine contact and
interaction.

Studies have also been conducted on maternal contact with newborn infants and its
effects. Often this body of work is subsumed under what is known as “bonding.” Bonding
is viewed differently than attachment because it is considered a unidirectional affectional
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tie from the parent to the infant, and it is believed to form rapidly during the first hours
and days following birth (Campbell & Taylor, 1980; Toney, 1983). Physical contact is
thought to enhance the effects, and some believed that the bonding that occurred had
lasting effects on subsequent development and the parent–child relationship. Lamb and
Hwang (1982) in their evaluation of the literature cautiously claimed that early contact
may have immediate positive effects but that long-term effects occur less reliably because
replications of findings have been rare, and where there is some degree of replication other
methodological problems plague the research. Nonetheless, observations of parents’ first
contacts with their newborns reveal the use of touch as integral and seemingly central to
those first communications.

In a study investigating the effects of maternal contact, Carlsson et al. (1978) found
that extended body contact between mother and newborn immediately after delivery was
related to an increase in what the authors refer to as affective components of maternal
nursing behavior observed 2 to 4 days later; that is, increased contact behaviors such as
rubbing, rocking, touching, and holding were shown during nursing and there were fewer
non-contact behaviors. The authors substantiated the claim of Klaus et al. (1972) that
events occurring immediately after birth influence subsequent maternal behavior. Along
similar lines, de Chateau (1976) examined the influence of a close, natural contact
between mothers and their newborns after delivery who were given 10–15min of extra
contact during the first post-partum hour on later behavior at 3 days and 3 months.
Mothers with extra contact experience showed more holding, encompassing, looking “en
face,” and less cleaning behaviors at 36 hours than mothers provided with only routine
care. Infants with extra contact smiled more and cried less at the 3-month observation.
While cautioning that such a brief period of contact cannot explain all the differences,
de Chateau (1976) concluded that neonatal care influences maternal behavior, noting
that brief initial contact has an effect.

Incorporating a different means to capture the early touching behaviors occurring
between mothers and their newborns, Robin (1982) analyzed videotapes of maternal
tactile contacts in the days following birth, looking at both fullterm and premature
neonate–mother dyads. Findings indicated that utilitarian contacts (e.g., wiping the
infant’s mouth, cleaning, patting for a burp, etc.). were the most frequent in an 8-min
observation period which included a feeding, followed closely by face and hand contacts.
Neither birth order, term, or infant age seemed to distinguish the frequency of these con-
tacts; however, a greater frequency of maternal tactile contacts were shown with female
infants.

Beyond contact at birth, infants’ responses to the complexity of naturally occurring
patterns of touch provided to them by adults are also reflected in the descriptions of infant
massage. According to Field (1998), touch therapies, and particularly massage therapy,
were primary forms of medicine before the advent of the pharmaceutical age and they
date back to at least 1800 . Leboyer (1976) graphically illustrates an East Indian body
massage lasting 30min completed daily on infants up to 6 months of age. Leboyer’s
premise is that infants’ bodies crave touch. Although his work was descriptive with no
experimental manipulations undertaken, the technique of body massage is designed to
relieve tension and anxiety, facilitate relaxation, and in infant massage, transmit love from
the caregiver to the infant. Reissland and Burghart (1987) discuss the importance of
massage in Mithila (South Asia), where women are expected to massage their infants daily.
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Some of the assumed benefits include hardening bone structure, enhancing movement
and coordination, and even instilling fearlessness.

As part of the Sunraysia Australia Intervention Project, Samuels, Scholz, and 
Edmundson (1992) found positive effects of baby relaxation baths and massage. 
Families in the treatment group were shown (and fathers practiced) the baby bath and
massage techniques at the 4-week visit, while comparison families were not. On the 
basis of time diaries completed daily between the 4- and 12-week visits, fathers in 
the treatment group bathed and massaged their infants more relative to the compar-
ison group. This was an important goal of their intervention project (Scholz & Samuels,
1992). In addition, higher degrees of marital satisfaction and self-esteem were shown, as
well as lower levels of post-partum depression at the 12-week visit. However, their study
sample consisted of only 32 couples and it is likely that other factors may also have played
a role.

It is not clear from these studies what beneficial effects these handling and massage
practices have on socioemotional development and on the parent–infant relationship.
However, what is clear is that it is a daily routine where parent and infant spend cir-
cumscribed amounts of time together. While there are limitations, it appears from these
studies that positive effects may be observed on the whole family system, rather than
solely impacting on the infant.

What is also clear from the preceding discussion is that there are diverse roles for touch-
ing in the newborn period. Beyond the significance it holds for nonhuman species, the
role for touch in human development has been demonstrated. From its importance in
growth and development, to early contact and touching behaviors, to massage, to mothers
being able to recognize their own newborn through touch, it is apparent that the sense
of touch holds meaning for both parent and infant.

Beyond the Newborn Period: Adult–Infant Touching in 
Social Contexts

It is only recently that researchers have begun to explore the role of touch in early inter-
actions. In the past the focus was on the more distal behavioral indices of gaze and affect
to the relative exclusion of touch and gesture. Yet touch is commonly employed by
mothers, along with their vocal and visual expressions, during face-to-face interactions
and during play. For example, during face-to-face interactions, the infant and adult 
(primarily the mother) are seated at eye-level to each other during a series of brief 
interaction periods. Caregivers interact spontaneously, using their facial, vocal, and tactile
expressions, while infants themselves respond to and even initiate interactions. Face-to-
face interactions have been one of the primary means used to study the infant’s social
communication (Kaye & Fogel, 1980), emotional expressions and responses to stressful
episodes (Field, Vega-Lahr, Scafidi, & Goldstein, 1986), and the development of social
expectations (Cohn & Tronick, 1983). However, typically, researchers have analyzed
maternal and infant facial and vocal behavior, but not touch, although incidental reports
reveal that maternal touch occurs during 33 percent to 61 percent of brief interaction
periods (e.g., Field, 1984; Kaye & Fogel, 1980; Symons & Moran, 1987). Recently, other
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measures such as posture (Fogel, Dedo, & McEwen, 1992), manual hand actions (Toda
& Fogel, 1993), and gesture (Stack & Arnold, 1998) have been documented. Contex-
tual features such as location during play, position, inclination of position, proximity of
contact, etc., are other examples of what appear to be important factors in influencing
the infant’s engagement during face-to-face play (e.g., Lavelli & Fogel, 1998; Stack,
Arnold, Girouard, & Welburn, 1999).

Still-Face Studies

The still-face (SF) procedure (Tronick, Als, Adamson, Wise, & Brazelton, 1978), a 
modification of the face-to-face procedure, has proven to be a valuable tool to examine
the role of touching. The mother–infant interaction is divided into three brief periods
(90–120sec). In period 1, mothers interact normally, using facial expression, voice, and
touch (Normal), in period 2 they assume a neutral, non-responsive still face and provide
neither vocal nor tactile stimulation (SF), and in period 3 they resume Normal interac-
tion. During the SF compared to Normal periods, infants typically decrease gazing and
smiling at mothers (Gusella, Muir, & Tronick, 1988; Lamb, Morrison, & Malkin, 1987;
Mayes & Carter, 1990), increase neutral to negative affect, and increase vocalizing
(Ellsworth, Muir, & Hains, 1993; Stack & Muir, 1990).

Gusella et al. (1988) compared the responses during SF periods between groups of
infants where some infants received maternal touch in the preceding Normal period, and
others received only maternal face and voice. They found that 3-month-olds smiled and
gazed less at mothers during the SF than during the Normal period (compared to a 
no-change control group who received three Normal periods), but their behavior was 
significantly different from the control group only when maternal touch was permitted
during the Normal period preceding the SF. That is, 3-month-olds exhibited the SF effect
only when maternal touching was part of the prior Normal periods and their attention
declined over time without the tactile stimulation. This suggests, according to Gusella 
et al., that maternal touch during the Normal periods facilitated the maintenance of 
attention in these very young infants.

Indirect evidence to support the importance of touch in early interactions is derived
from a study by Field et al. (1986). They compared responses of 4-month-olds to a SF
episode with those to a separation sequence and reported that the infants found the SF
sequence more stressful. For example, infants demonstrated more motor activity, gaze
aversion, distress brow, and crying, and less smiling. More maternal tactile-kinesthetic
behavior was shown following the SF period. That is, maternal proximal and com-
forting behaviors were potentiated. These findings support the view that infants are sen-
sitive to maternal cues, and suggest both the soothing role and communicative nature 
of touching.

Studies examining infants’ responsiveness to their mother’s touch and their sensitivity
to touch when other forms of stimulation are absent provide important insight into why
mothers use touch during the first 6 months of life. A number of studies have helped to
elucidate these important issues. By comparing a standard SF with one where mothers
could touch during the SF period (SF with touch), Stack and Muir (1990) showed that
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by adding touch infants were not distressed, they showed increased smiling, and they
maintained the high levels of gaze that are typical in Normal interactions. This new role
for touch in moderating the SF effect has been replicated a number of times (e.g., Peláez-
Nogueras, Field, et al., 1996; Stack & LePage, 1996; Stack & Muir, 1992). Infants’ sen-
sitivity to changes in their mothers’ touch has also been demonstrated through the SF
procedure by providing mothers with different verbal instructions (Stack & LePage, 1996;
Stack & Muir, 1990, 1992). For example, it has been shown that mothers can use touch
to elicit specific behaviors from their infants (e.g., maximize their infants’ smiling; Stack
& LePage, 1996; shift infants’ attention to their mothers’ hands; Stack & Muir, 1992).
Using a still-face with touch procedure and making comparisons to a no-change control
group, Stack and Arnold (1998) examined how touch and gesture alone are used to obtain
specific infant responses. They found that infants are sensitive to changes in maternal
touch and hand gestures and that when instructed, mothers appear successful in eliciting
specific behaviors from their infants using only nonverbal channels of communication.
For example, maternal touch and hand gestures attracted infants’ attention to their
mothers’ faces even when the face was still and expressionless.

Using a modification of the SF with touch procedure, LePage (1998; LePage & Stack,
1997) investigated infants’ abilities to perceive a tactile contingency (or the lack of con-
tingency) during social interactions. Infants in the contingent condition were reinforced
for gazing at the experimenter’s neutral face with standardized tactile stimulation (still-
face interaction with touch as the reinforcer). Infants in the non-contingent condition
received the same tactile stimulation as their matched counterparts regardless of their
behaviors. All infants in the contingent condition learned the contingency; for example,
their level of gazing at the experimenter’s face was higher, and gazing away was lower, 
relative to infants in the non-contingent condition. LePage thus demonstrated that 4-
and 7-month-olds could perceive and learn a contingent relationship presented through
the tactile modality during social adult–infant interactions, underscoring that infants of
this age are both sensitive to and reinforced by touch.

Multiple Modalities and Non-Still-Face Studies

While the still-face with touch studies were essential to isolating the contribution of touch
to mother–infant interchange, information is typically multimodally specified for the
developing infant. Several studies have addressed touch (directly or indirectly) through
procedures that either do not use the SF or that attempt to bring together multiple 
behavioral actions in some unified way.

For example, in one of the few attempts to systematically separate the social compo-
nents of maternal behavior, Roedell and Slaby (1977) explored 24-week-old infants’ pref-
erences for three adults who interacted in different ways. One adult (distal) smiled, talked,
sang, and made facial expressions; another (proximal) carried, rocked, bounced, patted,
and stroked the infant but remained silent with a neutral face; and a third (neutral) was
silent, unresponsive, and made no eye contact. Over a three-week period, infants increased
their time spent near the distal adult while no changes were made to the proximal and
neutral adults, and infants chose to look more at the distal than at the proximal adult.
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Unfortunately, there were no measures of affect, the adult was not permitted to maintain
eye contact in the proximal condition, and the infant did not need to establish eye contact
with the proximal adult to receive stimulation. This lack of natural social interaction may
have contributed to the poor responses elicited by the proximal adult, and may have
driven the infants to look away (Stack & Muir, 1990).

It has also been shown that rhythmic is preferred over non-rhythmic touch in dyads
(Peláez-Nogueras, 1995), and infants are more responsive when touch is added to face
and voice (Peláez-Nogueras, Gewirtz, et al., 1996). To reinforce the position that touch
can elicit specific responses, Wolff (1963) studied the development of smiling and found
that, between the fourth and sixth week of life, pat-a-cake becomes an efficient stimulus
for smiling. In order to ensure that it was the proprioceptive-tactile stimuli rather than
extraneous stimulation that elicited the smile, Wolff played the game in such a way that
the infant could not see or hear the person during the test. The smiles evoked in this way
were described as broad, the intensity of smiling was high, and it was difficult to habit-
uate the response with repeated stimulation. Pat-a-cake is not the only game to elicit such
positive responses from infants. There are other parent–infant games that also involve
much touching and physical contact, e.g., lap games, tickle games, I’m-gonna-
get-you games, finger-walking games (e.g., Stern, 1985), even bouncing games and 
“horsey” games.

As a final example, the earlier contention by Gusella et al. (1988) that touch may have
served to maintain attention during a SF procedure is consistent with observations by
Roggman and Woodson (1989). While not a SF study, they compared two 3-min play
sessions where mothers refrained from touching their 3–4-month-olds’ in one period and
not in the other. They reported that maternal touch facilitated attention during face-to-
face interactions. However, it is important to note that in both the Roggman and
Woodson (1989) and the Gusella et al. (1988) studies, touch was confounded with con-
current stimulation from both visual and auditory modalities.

The importance of multiple measures and the examination of patterns of responses
from mothers and infants have been underscored in recent research. Previously, empha-
sis was placed on facial expressions with the result that attention to touch, gestures, pos-
tural changes, vocalizations, and the relations between measures has been inadequate
(Tronick, 1989). According to functionalist theories of emotion, reliance solely on facial
expression as indications of affect and arousal is insufficient. Emotional signals are
context-specific and shaped by the immediate goals of organism–environment relation-
ships (Campos, Mumme, Kermoian, & Campos, 1994; Thompson, 1993). The impli-
cations are threefold: (1) inclusion of multiple measures; (2) importance of context; (3)
inclusion of approaches that address discrete measures, relations between measures, and
the interaction itself (e.g., patterns, sequencing). According to Toda and Fogel (1993),
“emotional” responses in young infants cannot be judged entirely from the face but must
involve the whole body and the patterns of temporally organized action in a context (Fogel
et al., 1992). Weinberg and Tronick (1994) provide some support for these contentions.
In their study examining mothers and their 6-month-old infants, they examined 
multiple modalities including the infants’ gaze, vocalizations, gestures, facial expressions,
self-regulatory, and withdrawal behaviors. They found evidence for behavioral clusters or
“affective configurations” that they argued conveyed information about the infant’s state
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and intentions. Increased emphasis on coding and integrating touch and gesture is war-
ranted in order to better understand their roles in communication.

Summary

Taken together, interaction studies have provided important insights and have advanced
what we know about the young infant’s sensitivity to manipulations in facial, vocal, and
now tactile expressions, underscoring the complexity and sophistication of mother–infant
dyadic interactions and the importance of including measures of touch. Moreover,
through these studies, an abundance of new findings have been revealed. For example,
mothers frequently use touch during normal face-to-face interactions with their infants
(65 percent of the time; Stack & Muir, 1990; Symons & Moran, 1987). Touch alone can
maintain infant attention and elicit positive affect at least as well as vocal and facial expres-
sion, for brief periods of time (LePage & Stack, 1992). Third, infants are sensitive to
subtle changes in maternal touch (e.g., Stack & Arnold, 1998; Stack & LePage, 1996)
and prefer stimulus compounds that include touch (Peláez-Nogueras, Gewirtz, et al.,
1996). Results from these studies have also enlightened us about infants’ sensitivity to
maternal behavior, in particular their sensitivity to their mothers’ touch. Most impor-
tantly, these studies have provided evidence for a functional context for touch that is not
limited to the regulation of distress.

Patterns of Touching During Social Interactions

While the importance of the above-mentioned studies is not in question, past findings
are limited in at least two ways. First, the functions and adaptability of touch have largely
been inferred based on evidence taken from infant responses to their caregivers, rather
than direct measures of caregiver touch. Second, even in those studies where touch has
been directly assessed, the measures have largely been the duration of all touching (e.g.,
Gusella et al., 1988) or they have been intensity levels (e.g., Stack & Muir, 1990). Despite
the fact that overall levels of touching are important, they do not inform us about 
qualitative aspects of touching or how particular types of touch may be used more or 
less often under specific circumstances. It makes a difference, for example, whether one
strokes, caresses, pats, or pokes. All touch may not be used or interpreted similarly; dif-
ferent types of touch and the way touch is applied may have different meanings.

To illustrate, Stack, LePage, Hains, and Muir (2001) developed the Caregiver–Infant
Touch Scale (CITS) to measure types of touch and associated quantitative characteristics
(e.g., intensity, speed) in social contexts such as mother–infant play, and to examine
changes across age. The CITS is a scale designed to code touch second-by-second from
videotapes of play and interactions. After assessing its psychometric properties, Stack 
et al. applied the CITS in an experimental paradigm (a modified face-to-face “still-face”
procedure) that was known to produce reliable shifts in infants’ social responses. This
application was designed to test not only the scale’s sensitivity in describing differential
maternal tactile stimulation, but also to determine whether mothers used different types
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of touch as a function of different perturbation periods. Following a period of natural
face-to-face interaction mothers and their 5.5-month-old infants participated in three SF
with touch periods. The SF with touch perturbation periods included (1) normal touch,
(2) touch to maximize infant smiling, and (3) touch restricted to one area of the body.
There was a baseline comparison group also included who received four periods of natural
face-to-face interaction.

Analyses indicated a number of important findings. First, the natural and all SF (touch-
alone) periods were significantly different, and there were clear differences between each
SF period. Specific patterns or profiles of touching were shown across perturbation period.
For example, when asked to maximize infant smiling, mothers used more active types of
touch (lifting, tickling), used more surface area, and greater intensity and speed. During
the SF period where mothers were asked to touch their babies in only one area, there was
increased stroking and far less shaking. Touching was also less intense, and most types of
touch during this period were judged to be executed more slowly. Thus, the more tac-
tilely active profile was revealed during the period where smiling was maximized. This
finding supports the notion of heightened activity during playful interactions. From these
results it is clear that mothers’ profiles of touching change during brief interactions as a
function of experimenter instruction, suggesting that what was being communicated
through the touch was different.

These findings suggest that simple touch duration is not a sufficient index to charac-
terize adult behavior – qualitative and quantitative variations in touching occur for a
variety of reasons and are important to measure and describe. What is also clear is that
mothers use different patterns of touching for different functions (Stack, LePage, Hains,
& Muir, 1996; Stack et al., 2001).

Touch and Attachment: Contact Behaviors As They Relate to 
Emotion and Emotional Communication

Emotions may be communicated through touch and at the very least communication
occurs. That is, touch conveys meaning (soothe calm/active happy). Although there are
few to no systematic studies to support such claims, touch appears to convey emotion
very directly and the type of touch conveys particular emotions. Emotions (feeling states
or messages) that might be communicated through touch include: love and caring, sym-
pathy, empathy, anger, and sense of security. According to Montagu (1986), for example,
through “feeling” we frequently refer to emotional states, such as happiness, joy, sadness,
melancholy, and depression, and by the term often imply a reference to touching. Accord-
ing to Virel (anthropologist and neurologist), the skin may be seen as a mirror of the
organism’s functioning: “its color, texture, moistness, dryness, and every one of its other
aspects, reflect our own state of being, psychological as well as physical. We blanch with
fear and turn red with embarrassment. Our skin tingles with excitement and feels numb
with shock; it is a mirror of our passions and emotions.”

It seems clear that touching as a sensory system and as a means of communication is
important to that first relationship, that between parent and infant, as well as important
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to the infant him or herself. Touching seems to communicate, to bring out meaning.
“Although touch is not itself an emotion, its sensory elements induce those neural, 
glandular, muscular, and mental changes which in combination we call an emotion”
(Montagu, 1986, p. 128). Touch is also involved in attachment and the affectional
systems. In effect we see abundant examples of how touch is related to tender, loving care,
from the beginnings of life at the breast, to being held and cuddled, rocked to sleep,
stroked and swayed to reduce distress, and hugged for affection and comfort; it is even
important at the end of life.

The interaction studies previously described highlighted the importance of mothers’
and infants’ sensitivity to each other’s behavior, and the role of touch in behavioral 
regulation. Sensitivity and responsiveness have direct links to attachment, relationship
quality, and future interactions. Moreover, the amount and quality of physical contact
(touching; proximity) are important to the mother–infant relationship (Montagu, 1986;
Stack & Muir, 1992). Contact behaviors have been found to be integral features of emo-
tional communication between mothers and infants, and higher levels of touch are related
to secure positive attachment (Ainsworth, Blehar, Waters, & Wall, 1978; Bowlby, 1969).
Key components of current theories of attachment include physical proximity and 
proximity-seeking measures. Landau (1989), in her examination of the relationship
between kissing, hugging, patting, and attachment behavior in infancy, argued that there
is an intricate relationship between infant affectionate behavior and attachment. More
studies are warranted in order to relate specific types of touch to attachment constructs,
such as proximity.

Maternal sensitivity, considered a key contributor to synchronous and mutually reci-
procal interactions, has been recently related to optimal patterns of attachment (Isabella,
Belsky, & von Eye, 1989). The characteristics of maternal sensitivity and responsiveness
often involve physical closeness and physical touching behaviors. In addition, the fre-
quency and duration of touch are considered by some researchers to be an index of
mothers’ attachment (Anisfeld & Lipper, 1983; Grossman, Thane, & Grossman, 1981;
Schaller, Carlsson, & Larson, 1979).

Tracy and Ainsworth (1981) conducted a study designed to examine the role of mater-
nal affectionate behavior in the definition of maternal patterns of care. They were espe-
cially interested in the expression of affection from mothers of anxious-avoidant infants.
Twenty-six babies were studied in naturalistic home observations at three-week intervals
across the first year of life. Twenty-three of the 26 were assessed in the Strange Situation
when they were 12-month-olds. No differences were found between the three groups of
anxious-avoidant (A), secure (B), and anxious-resistant (C) in terms of overall frequency
of affectionate acts. However, mothers of Type A babies emphasized kissing over hugging
and cuddling, which the authors argued is consistent with their aversion to close bodily
contact. While aware that the behaviors they studied are only assumed to reflect affec-
tionate feelings and warmth to another, Tracy and Ainsworth contended that were they
able to directly measure affectionate feelings from the mother, they would correlate with
the frequency of affectionate acts. Interestingly, MacDonald (1992), in an evolutionary
analysis of warmth as a developmental construct, argues that warmth must be separated
from security of attachment and that the relationship between warmth and attachment
classification is a complex one.
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In an experimental study of the effects of physical contact on the development of
mother–infant attachment in a low-income, inner-city sample, Anisfeld, Casper, Nozyce,
and Cunningham (1990) assigned soft baby carriers to the experimental mothers 
(identified as involving increased physical contact) and infant seats to the control group
mothers. They found that there was greater maternal contingent responsiveness and more
secure attachment with increased physical contact.

Beyond physical contact, attachment, and the early relationship, there are also relation-
ships that have been posited between touch and emotion and regulation. However, 
few studies in the infant social interaction literature have been specifically designed to
explore these relationships systematically. The soothing function of touch directly links
touching to emotional regulation, and it is already known that emotions play a critical 
part in infants’ evaluation of their goals (Tronick, 1989). It has also been proposed that
touch is a mode of communication (e.g., Fisher, Rytting, & Heslin, 1976). However,
within the large literature on emotional communication it is striking that touch has
received little attention (Beyette, Atkinson, & Kendall, 1989).

Touch and the At-Risk Infant

Evidence from those few studies that have directly examined touch in early development
supports the claim that touch is important to the quality of the parent–child relationship
and to the overall development of the infant. This is also revealed in studies with at-risk
infants. For example, Polan and Ward (1994) found some support that physical affection
and physical interaction were reduced in mothers of failure to thrive. Similarly, 
positive touch stimulation has been shown to enhance positive affect and attention in
infants of depressed mothers (Peláez-Nogueras, Field, et al., 1996; Peláez-Nogueras,
Gewirtz, et al., 1996). Paradoxically, in their study of parenting stress, depression, and
anxiety and its relationship to behavior during interactions, Fergus, Schmidt, and Pickens
(1998) found that it was those mothers who reported more symptoms of depression who
touched their infants more relative to non-depressed mothers. However, the pattern of
interaction was more intrusive and overstimulatory in nature. As they reported, more
poking and tickling were used and these symptomatic mothers (mild to moderate levels
of depressive symptoms) attempted more attention-getting strategies such as finger snap-
ping. Similarly, Cohn and Tronick (1989) described depressed mothers as using more
poking and jabbing with their infants; these touching behaviors were associated with neg-
ative affect and gaze aversion on the part of infants. Combined, these studies point to
the importance of types of touch and converge to suggest that touch might be an impor-
tant parenting measure.

Infants who are sensory impaired reveal yet another way that touch is used as an impor-
tant communicative channel. In these cases, whether visually or hearing impaired, the
tacto-gestural modality might be seen as assuming some of the roles that vision or audi-
tion might have otherwise subsumed. Both the visual and tactile channels are of signifi-
cance to the deaf infant (Koester, 1992). Yet according to Meadow-Orlans and Steinberg
(1993), compared to mothers of 18-month-old hearing infants, mothers of deaf infants
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used less frequent and positive touch, and were less sensitive and more intrusive. Nonethe-
less, as Koester, Papoušek, and Brooks (1995) pointed out, when deaf mothers use these
more intrusive touch behaviors with their infants, it forms a style of communication that
the infants respond to. MacTurk, Meadow-Orlans, Koester, and Spencer (1993) also
found that maternal visual-tactile responsiveness was lower in mothers of deaf infants 
at 9 months, however visual-tactile responsiveness contributed to positive interactions at
18 months.

Bentley (1997) examined the relationship between maternal risk status and
mother–child touch behavior in an intergenerational sample of mothers with a history of
childhood aggression and social withdrawal as part of the Concordia Longitudinal Risk
Project. Although mothers’ childhood levels of aggression and/or social withdrawal did
not significantly predict total positive touch behavior and little negative touch was
observed, her findings did reveal that the age of the child was associated with the fre-
quency that mothers touched. That is, mothers of younger children engaged in more
touching behaviors than did mothers of older children, underscoring its role in early
development.

Currently, there is some support for massage and tactile stimulation as having positive
effects and being successful in facilitating growth in the newborn, particularly with the
preterm infant (e.g., Rose, Schmidt, Riese, & Bridger, 1980; Scafidi et al., 1986; Solkoff,
Yaffe, Weintraub, & Blase, 1969). For example, weight gain and caloric intake in pre-
mature infants have been shown to increase with tactile stimulation (e.g., Helders et al.,
1989; Phillips & Moses, 1996; Scafidi et al, 1990; Watt, 1990; White & Labarba, 1976).
In addition to a 47 percent greater weight gain for preterm infants given tactile stimula-
tion, Scafidi et al. (1986) demonstrated that treated infants spent more time in awake
and active states, showed more mature behaviors on the Brazelton scale, and were dis-
charged from hospital six days earlier. In Phillips and Moses’s (1996) study, massaged
infants maintained a calmer state and were less irritable.

In a review of 24 studies on the effects of supplemental stimulation on premature
infants, Harrison (1985) found evidence to support the positive effects of extra tactile
stimulation as well as extra auditory, gustatory, and visual stimulation. Beneficial effects
included those mentioned above, as well as decreased irritability, and more advanced social
and neurological development. However, she also noted a number of limitations to the
studies (e.g., small samples, wide variation in samples). In their program of supple-
mental tactile stimulation, Róiste and Bushnell (1996) found that treated infants were
quicker to feed, discharged from hospital earlier, and appeared to show more advanced
cognitive development at 15 months. However, the advanced cognitive development
outcome should be considered with caution as it may have been due to other causes.

Kangaroo care or skin-to-skin holding, where the preterm infant is held on the parent’s
chest under the clothing, was introduced to American NICUs in the late 1980s (Gale,
1998). The practice originated in Bogota, Colombia in the 1970s. Its positive effects seem
to be primarily in the physiologic domain (heart rate, respiration rate, oxygen saturation,
thermoregulation; e.g., Anderson, 1995); however, there is some recent evidence for
improved development (Ludington-Hoe & Swinth, 1996). Controversies still appear to
surround this technique, particularly its practice with very small babies, thus more research
is warranted to determine its efficacy and with whom it is both effective and appropriate.
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Whether specific regimens of tactile stimulation or massage have beneficial effects on
the fullterm neonate is not clear. According to Field (1998), massage therapists suggest
that there are beneficial effects (e.g., reducing stress responses, reducing pain, helping to
induce sleep); however, there are no data to support these claims. Koniak-Griffin and
Ludington-Hoe (1987) found paradoxical effects in their examination of the effects 
of unimodal and multimodal stimulation. Unimodal stimulation was offered in the 
form of a skin-to-skin stroking procedure, and multimodal through use of a multi-
sensory hammock during sleep. The hammock offered tactile stimulation in the form 
of a sheepskin base and terrycloth fabric, and auditory and vestibular stimulation via a
battery-operated heart located at the head of the hammock. After one month, treated
infants showed less mature behavior on the Neonatal Behavioral Assessment Scale (NBAS;
Brazelton, 1973), and weight gain was not enhanced. However, a positive relationship
was found between quantity of multimodal stimulation and positive maternal perception
of infant behavior scored on the Neonatal Perception Inventory (Broussard & Hartner,
1970).

Based on their findings, Koniak-Griffin and Ludington-Hoe (1987) recommended
that programs of sensory enrichment that model intervention programs for premature
infants be applied cautiously to normal healthy newborns. Critics of applying these
models to the healthy-term newborn argue that additional stimulation is unnecessary and
that detrimental effects can occur if parents pay more attention to protocol than inter-
action with their babies (Klaus & Kennell, 1983).

Touch and Culture

To this point touch has been surveyed as it relates to parent–infant and parent–child inter-
actions, as well as hospital regimens for tactile stimulation with risk infants. Observing
variations and similarities in touching across different cultures is yet another important
avenue to explore. Studying parenting-in-culture is important to developmental investi-
gations (Bornstein, 1991). Parents across the world have ways with which they have both
learned and developed to rear their children and to teach them to become a part of the
culture. There also seem to be both culture-specific and culture-universal parenting activ-
ities. It is not surprising, then, that ways of touching and the amount of physical contact
between parent and child can be different across culture, as well as levels of affection and
how affection is expressed.

It has been demonstrated that different cultural groups engage in different styles of
touching (Fogel, Toda, & Kawai, 1988; Franco, Fogel, Messinger, & Frazier, 1996). For
example, differences in the type and timing of Japanese mothers’ behavior toward their
infants were reflected in a higher probability of facial expressions and vocalizations being
interspersed with touches and looming upper-body movements (Fogel et al., 1988). In
addition, when infants shifted their gaze from away to toward the mother, Japanese
mothers were more likely to respond with increased touch. American mothers provided
largely facial and vocal displays to their infants and placed their faces closer to the infants’,
in effect leaning toward their infants. Few hand displays were shown, in contrast to the
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Japanese mothers, who used these several times during a session. Interestingly, there were
no differences in amount of touching – mothers from both cultures touched their infants
about 50 percent of the time. However, in a longitudinal study of American and 
Japanese dyads over the first year of life, Kawakami, Takai-Kawakami, and Kanaya (1994)
found that American dyads engaged in interactions more often and American mothers
touched their infants more. In a comparison of Hispanic and Anglo mothers living in the
United States (Franco et al., 1996), mothers from both groups reported touching their
infants daily. However, the Hispanic mothers reported higher frequencies of touching,
affection, and skin-to-skin contact. Coding of videotaped observations of free play (15
min) revealed that Hispanic mothers showed more close touch (e.g., resting against
mother, body contact, tight hugs) as well as more close and affectionate touch, relative
to Anglo mothers, who showed more distal touch (e.g., playing at a distance, extended
arms, etc.). No overall differences in amount of mother–infant touch were observed
during the interactions. The fact that Franco et al.’s results revealed no differences in
overall touching between mothers and their infants implies in their view that touch is an
integral component of early interactions, even in cultures who have different attitudes
about affection and touching.

Ritualized behaviors form part of the developing relationship between parent and
infant (Casati, 1991). Childcare routines also differ across cultures and social groups.
Whether and for how long a relationship is tactile differs as a function of culture and
such factors as age of the child. Sigman and Wachs (1991) studied families in Kenya and
in Egypt. They found that amount of physical contact declined from 18 to 27 months
and then increased from 27 to 29 months. In another culture, Konner (1976) showed
that !Kung infants were in physical bodily contact with someone 75 percent of the time
during their first 3–6 months of life.

Caregiving practices may also benefit the infant in critical ways. Tronick, Thomas, and
Daltabuit (1994) describe the manta pouch used by Quechua mothers (located in a high-
altitude desert of Peru) to buffer their infants against high altitude. In this case, the infant
is tightly swaddled and enclosed in cloths and blankets. As the infant ages, the pouch is
modified to permit entry of increasing levels of the external environment.

While the majority of studies conducted to date, especially those which address touch,
have involved mothers or female adults, there is an accumulating literature on fathers. It
is known that fathers engage in more vigorous, physically stimulating play with their
infants (e.g., Arco, 1983; Hewlett, 1987; Parke & O’Leary, 1976; Yogman, 1982), and
it is believed by some that their style of play serves to create a critical means for the devel-
opment of attachment (e.g., Lamb, 1981). There have also been a few studies of fathers’
touching with their infants in different cultures. For example, Hewlett (1987) observed
the Aka pygmies of the tropical forest region of southern Central African Republic. While
fathers held their infants substantially less than mothers, several patterns emerged. Fathers’
holding was often context-specific (e.g., leisure time). Interestingly, however, it was the
Aka fathers who were more likely to engage in minor physical play such as tickling and
bouncing with their infants. Aka fathers did not engage in the vigorous type of play char-
acteristic of American fathers.

In their observations of Italian fathers, New and Benigni (1987) described fathers’
interactions with their infants as more distal rather than proximal, involving more looking
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and talking. Fathers’ touches were described as awkward and brief, and holding by 
the father was often limited to times when the mother was preparing the feeding. Their
physical contact typically included tickling and poking.

The characteristics of holding and play in different cultures can also be a revealing
means of examining some aspects of physical touch and affection during parent–infant
interchange. In a study describing Indian (New Delhi) mothers and fathers’ holding pat-
terns, Roopnarine, Talukder, Jain, Joshi, and Srivastav (1990) found that mothers held
their babies more than fathers, were also more likely to pick them up, to feed and comfort
them while holding, and to display affection while holding. However, the overall dura-
tions of holding were less than what is typically reported for the North American family.
This could be explained by the fact that many other family members and friends hold
the Indian baby in a day. When fathers were holding their infants, typically affection was
displayed. Tickling and lap bouncing were rare occurrences between Indian parents and
their infants. However, peek-a-boo play was more common between mothers and infants.
Finally, the infants themselves were more likely to vocalize, to smile at and follow their
mothers compared to fathers, but there was no difference in the amount of touch or
approach behaviors to mothers and fathers. More research with fathers is warranted, par-
ticularly pertaining to fathers’ use and styles of touching during interactions.

Taken together, the findings from this brief overview of some of the cross-cultural find-
ings have shown that touch is important and even intrinsic to other cultures. It can also
be used differently in some contexts (e.g., holding patterns, pouches, swaddling) or be
more frequent. The results converge to suggest that touching is used to bring people
together, for closeness and intimacy, proximity and play, as well as for survival purposes
in environments that require it.

Conclusions

One of the most significant themes to surface from this review of the literature is that
while facial and vocal expressions are important, they are only two of many behaviors
that are used to express and communicate. Although accumulating, far less data exist on
“tactile expressiveness” and communication through touch. Thus, it is clear that con-
tinued examination of this modality is warranted. Touch is emerging as a diverse and
adaptable modality, a modality which, while often used alone, also accompanies other
modalities and channels of communication. Touch is used frequently in the first year 
of life and it serves a multitude of purposes, ranging from maintaining infant’s state, 
to increasing weight gain and caloric intake in preterm infants, to providing comfort 
and warmth, to providing a means of social communication, to adjusting posture, to
serving an important means of developing the early parent–infant relationship, among
other roles.

The findings described underscore the point that the tactile modality provides an
important means for parents and infants to maintain a connection with each other (as
well as to the environment and to the self ). It illustrates the flexibility and adaptability
of touch but as well, the adaptability of the communication system – both partners
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modify their behavior, to adjust and compensate for the situation. Both are responsive to
each other. It is also clear that touch is used across a variety of cultures and that patterns
of touching may be different.

Yet while facial, vocal, and tactile components are frequently used during interactions,
less is known about how they are used in combination, how they are used to achieve
goals, and, if they do convey messages, how this is accomplished. Moreover, how touch-
ing is integrated with the other communication channels that are available to parents war-
rants examination (e.g., Arnold, Brouillette, & Stack, 1996). Although understanding
each component’s discrete and independent roles is important, the context within which
much of early development occurs is social and multimodal. Consequently, how the
modalities are used in combination, and whether message salience is increased by using
multiple modalities as a result of the increased redundancy in the message, become impor-
tant questions (i.e., do combinations of modalities communicate more clearly?). Whether
there are intentional messages embedded in touch at all is yet another issue.

Beyond the aforementioned, several additional questions and pivotal issues are promi-
nent and have emerged from the existing literature. First, what is being communicated
through touch? Second, assuming that communication is occurring (based on the evi-
dence to date), and that touch is serving a multitude of important roles and functions,
the next question becomes determining how to measure this process. Measurement issues
remain a challenge. This is the case in at least two ways: (1) how to systematically measure
touch, and (2) whether to use discrete or relational measures. Touch is inherently rela-
tional. The act of tickling is a good example. Tickling is interesting because it is not pos-
sible to tickle oneself – that is, respond with laughter to the tickling. The laughter evoked
by tickling appears to depend entirely upon the social situation. The act of stroking and
the strokability of the infant (allowing someone to touch him or her) are inherent in
touch and are also relational measures. Similarly, to experience hugging demands a partner
(Stern, 1985). Each of these examples makes clear the relational aspect, but an impor-
tant challenge is to determine a systematic means of measuring the touching that occurs
and beyond this, to ascertain its meaning.

Third, addressing the quantitative and qualitative characteristics (patterns) and their
salience over age, as well as what changes occur in infants’ and caregivers’ communica-
tive behaviors (e.g., affective, gaze, and touching behaviors) over time, are essential. A
more dynamic perspective would view the dyad as developing together, thus making it
irrelevant, and even inappropriate, to attempt to divide the communicative process into
the sender and receiver of the message. Process is primordial and the history of the 
dyad is an important consideration. This issue is related to what was discussed above con-
cerning how touch is inherently relational and requires measurement that takes this into
consideration.

Fourth, throughout the first few years of life, the infant (and its parents) are develop-
ing, changing, and adjusting. It is important to pursue and be aware of how development
itself plays a role in the changes we see related to touch, physical contact, and affection
(e.g., locomotor ability, language, referential communication, etc.; also, fine motor 
abilities and haptic exploration).

In closing, one important direction is to bring together the literature and research find-
ings into a clear and cohesive developmental picture. In attempting to achieve success
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with such a goal, however, one is faced with changing contexts, procedures/paradigms,
individual differences, and varied response measures as infants develop physically, cogni-
tively, socially, and emotionally. As Kisilevsky, Stack, and Muir (1991) once argued, the
challenge remains to develop studies that determine whether the role of touch changes
across development and how it changes, or whether changes merely reflect the fact that
procedures, contexts, and responses vary across ages. Remembering that we have in the
human infant an intelligent organism that is responsive to tactile stimulation from late
gestation to infancy, one of our greatest challenges is to determine parallel measures, 
paradigms, and procedures so that functional and relational development can be clearly
described.

The future is an exciting one. While there are many unresolved questions and issues
to pursue, at the same time, the research is at a point where cutting-edge issues are sur-
facing, studies are accumulating, and findings are converging. There is much to discover,
reveal, and integrate into existing research and theory. Indeed, touch offers us a rich world
to discover, and one which has implications for a variety of fields of inquiry. It is also a
privileged field for promising interactions and convergence across a number of disciplines.

Related Topics

1 The role and use of gestures/manual hand movements in interaction and communication.
2 Haptic and tactile information processing.
3 Holding patterns.
4 The role of touch in the development of self-exploration.
5 The infants’ use of touch (less known) and the development of affection and affectionate behav-

iors during infancy.
6 Tactile exploration in the blind infant or sensory impaired infant.
7 Touch across the life span (its role in labor, pain, with the elderly, the acutely ill, therapeutic

touch).
8 Touch and affection in group care settings (e.g., day care, preschool, school).

Further Reading

Barnard, K. E., & Brazelton, T. B. (Eds.). (1990). Touch: The foundation of experience.
Connecticut: International Universities Press.

Kaitz, M., Lapidot, P., Bronner, R., & Eidelman, A. I. (1992). Parturient women can recognize
their infant by touch. Developmental Psychology, 28, 35–39.

Kuhn, C. M., & Schanberg, S. M. (1998). Responses to maternal separation: Mechanisms and
mediators. International Journal of Developmental Neuroscience, 16, 261–270.

Montagu, A. (1986). Touching: The human significance of the skin (3rd ed.). New York: Harper &
Row.

Peláez-Nogueras, M., Gewirtz, J. L., Field, T., Cigales, M., Malphurs, J., Clasky, S., & Sanchez,
A. (1996). Infants’ preference for touch stimulation in face-to-face interactions. Journal of
Applied Developmental Psychology, 17, 199–213.

370 Dale M. Stack



Schanberg, S. M., & Field, T. M. (1987). Sensory deprivation stress and supplemental stimulation
in the rat pup and preterm human. Child Development, 58, 1431–1447.

Stack, D. M., & Arnold, S. L. (1998). Changes in mothers’ touch and hand gestures influence
infant behavior during face-to-face interchanges. Infant Behavior and Development, 21, 451–
468.

Stack, D. M., & LePage, D. E. (1996). Infants’ sensitivity to manipulations of maternal touch
during face-to-face interactions. Social Development, 5, 41–55.

Stack, D. M., & Muir, D. W. (1992). Adult tactile stimulation during face-to-face interactions
modulates 5-month-olds’ affect and attention. Child Development, 63, 1509–1525.

References

Ainsworth, M. D. S. (1962). The effects of maternal deprivation: A review of findings and con-
troversy in the context of research strategy. Deprivation of maternal care: A reassessment of its
effects. Geneva: World Health Organization.

Ainsworth, M. D. S., Blehar, M. C., Waters, E., & Wall, S. (1978). Patterns of attachment: A 
psychological study of the Strange Situation. Hillsdale, NJ: Erlbaum.

Anderson, G. C. (1995). Touch and the kangaroo care methods. In T. M. Field (Ed.), Touch in
early development (pp. 35–51). Mahwah, NJ: Lawrence Erlbaum Associates.

Anisfeld, E., Casper, V., Nozyce, M., & Cunningham, N. (1990). Does infant carrying promote
attachment? An experimental study of the effects of increased physical contact on the develop-
ment of attachment. Child Development, 61, 1617–1627.

Anisfeld, E., & Lipper, E. (1983). Early contact, social support and mother–infant bonding. 
Pediatrics, 72, 79–83.

Arco, C. M. (1983). Infant reactions to natural and manipulated temporal patterns of paternal
communication. Infant Behavior and Development, 6, 391–399.

Arnold, S. L., Brouillette, J., & Stack, D. M. (1996, August). Changes in maternal and infant
behavior as a function of instructional manipulations during unimodal and multimodal interactions.
Poster session presented at the Biennial Meeting of the International Society for the Study of
Behavioral Development, Quebec City, Quebec, Canada.

Barrera, M. E., & Maurer, D. (1981). The perception of facial expressions by the three-month-
old. Child Development, 52, 203–206.

Bentley, V. M. (1997). Maternal childhood risk status as a predictor of emotional availability and
physical contact in mother–child interactions: An intergenerational study. Unpublished master’s
thesis, Concordia University, Montreal, Quebec, Canada.

Beyette, M. E., Atkinson, M. L., & Kendall, S. (1989, June). Emotional communication by touch.
Poster presented at the Canadian Psychological Association Annual Convention, Halifax, Nova
Scotia, Canada.

Birns, B., Blank, M., & Bridger, W. H. (1966). The effectiveness of various soothing techniques
on human neonates. Psychosomatic Medicine, 28, 316–322.

Bornstein, M. H. (1991). Approaches to parenting in culture. In M. H. Bornstein (Ed.), Cultural
approaches to parenting (pp. 3–19). Hillsdale, NJ: Lawrence Erlbaum Associates.

Bowlby, J. (1969). Attachment and loss: Vol. 1. Attachment. New York: Basic Books.
Brazelton, T. B. (1973). Neonatal Behavioral Assessment Scale. Philadelphia: Lippincott.
Brazelton, T. B. (1984). Introduction. In C. C. Brown (Ed.), The many facets of touch (pp. 

xv–xviii). Skillman, NJ: Johnson & Johnson Baby Products Co. Pediatric Round Table Series,
10.

Touch and Physical Contact 371



Brazelton, T. B. (1990). Touch as a touchstone: Summary of the round table. In K. E. Barnard &
T. B. Brazelton (Eds.), Touch: The foundation of experience (Clinical Infant Reports, No. 4, pp.
561–566). Madison, WI: International Universities Press.

Broussard, E. R., & Hartner, S. S. (1970). Maternal perceptions of the neonate as related to devel-
opment. Child Psychiatry and Human Development, 1, 432–499.

Byrne, J. M., & Horowitz, F. D. (1981). Rocking as a soothing intervention: The influence of
direction and type of movement. Infant Behavior and Development, 4, 207–218.

Campbell, S. B. G., & Taylor, P. M. (1980). Bonding and attachment: Theoretical issues. In P. M.
Taylor (Ed.), Parent–infant relationships (pp. 3–23). New York: Grune & Stratton.

Campos, J. J., Mumme, D. L., Kermoian, R., & Campos, R. G. (1994). A functionalist perspec-
tive on the nature of emotion. Monographs of the Society for Research in Child Development, 59,
284–303.

Carlsson, S. G., Fagerberg, H., Horneman, G., Hwang, C.-P., Larsson, K., Rodholm, M., Schaller,
J., Danielsson, B., & Gunderwall, C. (1978). Effects of amount of contact between mother and
child on the mother’s nursing behavior. Developmental Psychobiology, 11, 143–150.

Casati, I. (1991). Hugging and embracing; kisses given, kisses received. Preludes to tenderness
between infant and adult. Early Child Development and Care, 67, 1–15.

Casler, C. R. (1961). Maternal deprivation: A critical review of the literature. Monographs of the
Society for Research in Child Development, 26(2).

Casler, C. R. (1968). Perceptual deprivation in institutional settings. In G. Newton & S. Levine
(Eds.), Early experience and behavior. New York: Springer.

Cohn, J. F., & Tronick, E. Z. (1983). Three-month-old infants’ reaction to simulated maternal
depression. Child Development, 54, 185–193.

Cohn, J. F., & Tronick, E. Z. (1989). Specificity of infants’ response to mothers’ affective 
behavior. Journal of the American Academy of Child and Adolescent Psychiatry, 28, 242–248.

De Chateau, P. (1976). The influence of early contact on maternal and infant behavior on 
primiparae. Birth and the Family Journal, 3, 149–155.

Denenberg, V. H. (1968). A consideration of the usefulness of the critical period hypothesis 
as applied to the stimulation of rodents in infancy. In G. Newton & S. Levine (Eds.), Early
experience and behavior (pp. 142–167). Springfield, IL: Charles C. Thomas.

Denenberg, V. H. (1969). The effects of early experience. In E. S. E. Hafez (Ed.), The behavior of
domestic animals (2nd ed.). London: Baillure, Tindall, & Cox.

Ellsworth, C. P., Muir, D. W., & Hains, S. M. H. (1993). Social competence and person–object
differentiation: An analysis of the still-face effect. Developmental Psychology, 29, 63–73.

Fanslow, C. (1984). Touch and the elderly. In C. C. Brown (Ed.), The many facets of touch (pp. 
183–189). Skillman, NJ: Johnson & Johnson Baby Products Co. Pediatric Round Table Series,
10.

Fergus, E. L., Schmidt, J., & Pickens, J. (1998, April). Touch during mother–infant interactions:
The effects of parenting stress, depression and anxiety. Poster session presented at the Biennial
Meeting of the International Society of Infant Studies, Atlanta, GA.

Field, T. M. (1984). Early interactions between infants and their postpartum depressed mothers.
Infant Behavior and Development, 7, 517–522.

Field, T. M. (1998). Touch therapy effects on development. International Journal of Behavioral
Development, 22, 779–797.

Field, T. M., Vega-Lahr, N., Scafidi, F., & Goldstein, S. (1986). Effects of maternal unavailability
on mother–infant interactions. Infant Behavior and Development, 9, 473–478.

Fisher, J. D., Rytting, M., & Heslin, R. (1976). Hands touching hands: Affective and evaluative
effects of an interpersonal touch. Sociometry, 39, 416–421.

Fogel, A. (1997). Infancy: Infant, family, and society. St. Paul, MN: West Publishing.

372 Dale M. Stack



Fogel, A., Dedo, J., & McEwen, I. (1992). Effect of postural position and reaching on gaze during
mother–infant face-to-face interaction. Infant Behavior and Development, 15, 231–244.

Fogel, A., Toda, S., & Kawai, M. (1988). Mother–infant face-to-face interaction in Japan and the
United States: A laboratory comparison using 3-month-old infants. Developmental Psychology,
24, 398–406.

Franco, F., Fogel, A., Messinger, D. S., & Frazier, C. A. (1996). Cultural differences in physical
contact between Hispanic and Anglo mother–infant dyads living in the United States. Early
Development and Parenting, 5, 119–127.

Gale, G. (1998). Kangaroo care. Neonatal Network, 17, 69–71.
Gottlieb, G. (1983). The psychobiological approach to developmental issues. In M. M. Haith &

J. J. Campos (Eds.), Infancy and developmental psychobiology (pp. 1–26). In P. H. Mussen (Ed.),
Handbook of child psychology (4th ed., Vol. 2). New York: John Wiley.

Grossman, K., Thane, K., & Grossman, K. E. (1981). Maternal tactual contact of the 
newborn after various conditions of mother–infant contact. Developmental Psychology, 17,
158–169.

Gusella, J. L., Muir, D. W., & Tronick, E. Z. (1988). The effect of manipulating maternal 
behavior during an interaction of 3- and 6-month-olds’ affect and attention. Child Development,
59, 1111–1124.

Hamnett, F. S. (1921). Studies in the thyroid apparatus. American Journal of Physiology, 56,
196–204.

Hamnett, F. S. (1922). Studies of the thyroid apparatus. Endocrinology, 6, 221–229.
Harlow, H. F. (1959). Love in infant monkeys. Scientific American, 200, 68.
Harrison, L. (1985). Effects of early supplemental stimulation programs for premature infants:

Review of the literature. Maternal Child Nursing Journal, 14, 69–90.
Helders, P. J. M., Cats, B. P., & Debast, S. (1989). Effect of a tactile stimulation/range-finding

programme on the development of VLBW-neonates during the first year of life. Child Care,
Health and Development, 15, 369–380.

Hewlett, B. S. (1987). Intimate fathers: Patterns of paternal holding among Aka pygmies. In M.
E. Lamb (Ed.), The father’s role: Cross-cultural perspectives (pp. 295–330). Hillsdale, NJ: Lawrence
Erlbaum Associates.

Hofer, M. (1993). Developmental roles of timing in the mother–infant interaction. In G. 
Turkewitz & D. A. Devenny (Eds.), Developmental time and timing (pp. 211–231). Hillsdale,
NJ: Lawrence Erlbaum Associates.

Isabella, R. A., Belsky, J., & von Eye, A. (1989). Origins of infant–mother attachment: An ex-
amination of interactional synchrony during the infant’s first year. Developmental Psychology, 25,
12–21.

Kaitz, M., Lapidot, P., Bronner, R., & Eidelman, A. I. (1992). Parturient women can recognize
their infant by touch. Developmental Psychology, 28, 35–39.

Kaitz, M., Meirov, H., Landman, I., & Eidelman, A. I. (1993). Infant recognition by tactile cues.
Infant Behavior and Development, 16, 333–341.

Kawakami, K., Takai-Kawakami, K., & Kanaya, Y. (1994). A longitudinal study of Japanese and
American mother–infant interactions. Psychologia: An International Journal of Psychology in the
Orient, 37, 18–29.

Kaye, K., & Fogel, A. (1980). The temporal structure of face-to-face communication between
mothers and infants. Developmental Psychology, 16, 454–464.

Kisilevsky, B. S., & Low, J. A. (1998). Human fetal behavior: 100 years of study. Developmental
Review, 18, 1–29.

Kisilevsky, B. S., Muir, D. W., & Low, J. A. (1992). Maturation of human fetal responses to vibro-
acoustic stimulation. Child Development, 63, 1497–1508.

Touch and Physical Contact 373



Kisilevsky, B. S., Stack, D. M., & Muir, D. W. (1991). Fetal and infant response to tactile stim-
ulation. In M. Salomon Weiss & P. R. Zelazo (Eds.), Newborn attention: Biological constraints
and the influence of experience (pp. 63–98). Norwood, NJ: Ablex.

Klatzky, R. L., & Lederman, S. (1987). The intelligent hand. In G. H. Bower (Ed.), The 
psychology of learning and motivation (Vol. 21, pp. 121–151). San Diego, CA: Academic Press.

Klaus, M., Jerauld, R., Kreger, N., McAlpine, W., Steffa, M., & Kennell, J. (1972). Maternal
attachment: Importance of the first post-partum days. New England Journal of Medicine, 286,
460.

Klaus, M. H., & Kennell, J. H. (1983). An evaluation in the premature nursery. In J. Davis, M.
Richards, & N. Robertson (Eds.), Parent–baby attachment in premature infants (pp. 86–99). New
York: St. Martin’s Press.

Klaus, M. H., Kennell, J. H., Plumb, N., & Zuelke, S. (1970). Human maternal behavior at the
first contact with her young. Pediatrics, 46, 187–192.

Koester, L. S. (1992, May). Effects of maternal or infant deafness on early interaction patterns. Paper
presented at the Biennial Meeting of the International Conference on Infant Studies, Miami,
FL.
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Chapter Fourteen

Preverbal Communication

Andrew Lock

Introduction

This would have been a short chapter 25 years ago. It would have said something about
how the early and classic studies of infancy by, for example, Tiedemann (1787; see
Murchison and Langer, 1927) and Darwin (1877) noted that infants were able to com-
municate by cries and gestures before they could talk. There would have been mention
of McCarthy’s classic review of language development in the first edition of Carmichael’s
Manual of Child Psychology, where she noted that:

It is quite generally agreed that the child understands gestures before he understands words
and, in fact, that he uses gestures himself long before he uses language proper. . . . It has
been claimed that words constitute substitutes for actual gross motor activity. (McCarthy,
1954, p. 521)

There may have been some mention of both the Gesell (1945) and Bayley (1969) devel-
opmental scales containing some items related to communication in infancy. And there
might have been a note to the effect that Spitz (e.g., 1957) had contributed some 
interesting notes from a psychoanalytic perspective on how infants managed to convey
“yes” and “no” through smiles and head shaking. And that would have been about the
sum of it.

Today, it is difficult to know quite how best to review the field in the space available
here. The research literature is now massive, both at an empirical and theoretical level,
and its sophistication is such that a number of projects exploring the robotic modeling
of “embodied cognition” are able to actively pursue the construction of machines that
can build their own preverbal abilities for recognizing and reproducing the gestural actions
of others, and to coordinate their attention onto objects so as to “learn” about commu-
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nication and “how to learn” (e.g., Bonasso, Huber, & Kortenkamp, 1995; Ferrell & 
Scassellati, 1998; Kahn & Swain, 1995; Kozima & Ito, 1998).

Technological advances in other areas have themselves been central to the growth of
this research topic in general. Video is the primary example, in that it has allowed us to
capture and replay events unfolding in real-time and “real” environments. We now take
video replays for granted, particularly of sporting events on television, along with instant
statistics relating to the course of a game as it progresses. This familiarity tends to make
us forget that quasi-portable video equipment only became available 25 years or so 
ago, and the ability to link video to on-line computer analysis is itself more recent still.
Similarly, we tend to forget that theoretical and conceptual issues that are now taken for
granted as legitimate and central to the questions current in the field – such as regarding
infants as developing the ability to intentionally communicate – have a chequered history,
and that the mere claim a quarter-century ago by an emerging generation of postgradu-
ate students that they were concerned to discover how infants could “learn how to mean”
could send their professors into fits of apoplexy.

This chapter cannot be a comprehensive review. Instead, it focuses on age-related
changes during the preverbal period; empirical areas of research – for example, turn-
taking, joint attention, and gestures (particularly the pointing gesture); and two theoret-
ical issues: the “nature” of preverbal communication and the social construction of early
abilities through adult–infant interaction.

Overview

The course of preverbal communicative development is punctuated by three major 
transitions during the first year of life. The first of these occurs at around 2 months of
age, when infants begin to engage communicatively with adults. This change is sudden
– “almost as clear a boundary as birth itself ” (Stern, 1985, p. 37) – and is correlated with
changes in other areas of the infant’s abilities (see Emde & Robinson, 1979). The second
transition occurs late in the fifth month of age, when infants, again quite suddenly, appear
to lose their interest in face-to-face interactions with adults and become engrossed by
objects that they can manipulate (Lamb, Morrison, & Malkin, 1987; Messer & Vietze,
1984). The third transition is less clear cut, but occurs around 9 to 10 months of age and
involves the connecting up of infants’ interest in objects with their emerging grasp of the
agentive abilities of other people. We begin to see “real” communication emerging at this
time, with infants starting to use their partners in order to achieve their goals. This third
transition is associated with a number of newly emerging abilities (see Trevarthen &
Hubley, 1978, pp. 221–222) that appear to have a common developmental basis – a
“grasp” of their own and others’ agency – and the course that any particular infant now
takes in moving forward to verbal communication will vary as the different areas of this
grasp and his or her emerging representational abilities are elaborated and feed back into
the construction of specific skills. It is perhaps this increasing multideterminedness of
development from this time on that leads to this transitional point being a little less clear
cut than the two previous ones. In all cases, however, changes in cognitive abilities as new
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biologically determined “bits of kit” come on-line suggest that maturational factors and
the general course of growth are major underwriters of the changes we see in infant 
communicative behaviors and actions.

The most unclear temporal point for this entire topic of “preverbal communication”
is the time at which it might be said to end. There are two issues involved here. First, the
individual differences between infants as to when they begin to “talk” are large, such that
any time during the second year of life could be regarded as “normal.” But second, when
does a communicative episode or item stop being “preverbal” and become “verbal”? How
one answers this question is very important. On the one hand, a clear, operational defi-
nition could be regarded as an important topic to settle, for if the “data” being studied
are ill-defined, then the first stage of a scientific investigation is stymied. Yet on the other
hand, clear definitions can create artifactual developmental Rubicons that then obscure
the very processes of change that scientific investigations are seeking to understand. These
are problems that will be returned to later in this chapter. What needs to be borne in
mind until then, however, is that all of the phenomena being dealt with here are at root
transitional rather than categorical ones. At the outset, infants are “without speech”; by
the age of 2 years, small increments in the different strands of their development have
fed back and forth amongst themselves to endow them with the qualitatively different
ability of being able to “talk.”

From Birth to 2 Months

This first period of an infant’s life is a very difficult one to get a scientific handle on. This
is not to say that a large body of reliable findings has not been established as to the major
features of this time, for it has. But three difficulties have to be faced. First, as will be
obvious when dealing with the development of communication, at least two partners have
to be involved in the process. Thus, it is not immediately apparent what the most appro-
priate “unit of analysis” is: individuals or the dyads they constitute. Second, “communi-
cation” is a quite variable phenomenon. Some aspects of communication can be handled
by a purely objective approach, and we can talk sensibly, for example, of communicative
signals produced by individual animals that have become chained together to produce
patterns of behaviors in which each stimulates the other to produce the stimulus for the
next act, and so on (see, for example, almost any ethological study of animal courtship
behaviors). Communication, at this level, is just the coordination of the activities of two
individuals, and the question “what does animal A mean when it does X?” is not one that
need be asked. This is not the case, though, with respect to linguistic communication,
which, at least, has intentional and meaningful aspects that go beyond a purely objective
level of description and explanation. Which is the most appropriate strategy with respect
to early human infant communication – dealing with infant “behaviors” or “communi-
cated meanings”?

Third, and related to this dilemma, is the question of subjectivity and intersubjectiv-
ity. Consider eye contact. Do we, as adults, look at each others’ eyes because we find them
interesting objects, either in their own right or as sources of useful information, such as
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what the other person is looking at? Or do we see them as “animated,” and part of a
channel of “communion” as opposed to “information”? This is a difficult issue if one
approaches the study of eye contact from the perspective of a detached, objective observer.
It is a very different issue if one acts in the role of a participant, interactive observer. The
situation is similar if one is interacting with an infant. Mutual eye contact is one of the
most emotionally charged and satisfying forms of interchange adults participate in with
their young offspring. But what do infants make of it? Is it also a satisfying sharing or
communion of being for them, or are adult eyes just very interesting things to look at,
rather than into? These issues will be left for a later section. Here, the general course of
communicative development will be sketched.

A major achievement by the end of this period is that adults and infants come to share
increasing amounts of time “staring at each other.” There appear to be a number of devel-
opmental strands that contribute to this achievement. To begin with, newborn infants
periodically, but briefly, show a transitory state of quiet or inactive alertness, which is a
“fragile and easily disrupted condition” (Wolff, 1987, p. 66). Infants have been reported
to spend about 10 percent of their waking time in this state during their first week of life
(Berg, Adkinson, & Strock, 1973), and these periods increase in both frequency and
length until they occupy around half of daylight waking hours in the third month (Wolff,
1987). This state is increasingly induced when distressed infants are soothed by physical
contact with others (Korner & Grobstein, 1966; Korner & Thoman, 1970). Being able
to maintain this state is clearly crucial to the infant and adult subsequently sharing and
modulating mutual attention to each other.

Second, an increasing “control” by the infant over the “components” of his or her states
of arousal becomes apparent. Crying by newborns, for example, is not just a vocal activ-
ity but a whole package of facial distortions, limb movements, changes in skin coloration
and muscle tone, breathing patterns and hand clenching (Wolff, 1987; Papoušek &
Papoušek, 1977). The activity appears to be a species-specific response to distress, and
the amplitude of crying conveys information about the infant’s level of distress rather
than any more specific information as to what the nature of that distress is. Anything
more specific about what a cry might mean is a construction on the part of the adult (see,
e.g., Frodi, 1985; Gustafson & Harris, 1990; Murray, 1985; Zeskind, 1985; Zeskind &
Marshall, 1988). The early developmental course of crying follows what Barr (1990) has
termed a normal cry curve: its frequency rises from birth to a peak during the second
month, and then declines to a low level around 4 months of age. This turns out to be
true even in cultures where, because of differences in care in comparison to those Western
societies from which most of the data come, infants cry much more rarely. Konner (1976)
reported that in !Kung San hunter–gatherer societies, where infants are held for 80 percent
of the day and fed on average four times an hour, crying was quite a rare and brief event,
and infant distress was detected by their parent more by movement than crying. Infants
came to use cries just in “real” emergencies. Nonetheless, a reanalysis of the original data
by Barr, Konner, Bakeman, and Adamson (1991) found the same crying curve as in other
studies. Thus, while it is clear that it is infants who are doing the crying, and that there
is something endogenous to infants that determines their crying behavior, the realization
of this underlying developmental pattern is influenced by the social context within which
it unfolds.
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A similar pattern holds true for sleep–wake cycles. Neonates appear to have particu-
lar endogenous sleeping rhythms, for example, but even as early as the second week of
life these are beginning to alter so as to come more in line with the diurnal patterns of
their caretakers. At a subdiurnal level, periods of infant alertness come to overlap more
and more with the adult routines of holding and talking to them (Chappell & Sander,
1979; Sander, 1977; Sander, Stechler, Burns, & Julia, 1970). Sander (1977, p. 147) com-
ments that it is through these early interactions that “unique and idiosyncratic charac-
teristics of exchange” develop that increasingly regulate the interactions of individual
adult–infant dyads: endogenous rhythms become restructured around social ones, pro-
viding a patterned framework within which development proceeds.

Third, other aspects of infant emotional expression are also initially under more
endogenous than exogenous control (Emde, Gaensbauer, & Harmon, 1976). Very young
infants produce the whole gamut of adult facial expressions (Oster & Ekman, 1978),
sometimes on appropriate occasions, such as when they taste sweet or bitter solutions
(Rosenstein & Oster, 1988), but generally they do so out of any appropriate situational
context. These expressions give no evidence that they are intended as communicative, but
are just spontaneously produced. Infant vocalizations at this time appear to be only
accompaniments to other activities rather than being under voluntary control. Major
anatomical and neurological developments (both central and peripheral) are needed
before sound production can be controlled. For example, as Kent (1981) has noted, the
substrate required to control the 100+ facial muscles needed to modulate speech sounds
is not in place until around 5 months of age. Similarly, the upper respiratory anatomy of
the young infant has a typically mammalian pattern in which the larynx is placed high
in the neck, enabling the air and food tracts to function independently and simultane-
ously (which reduces the chances of the suckling infant choking as a result of milk going
into its trachea rather than its oesophagus). The typical adult human anatomy, where the
larynx is descended in relation to the oesophageal opening and the air and food tracts are
shared for a short distance in the throat, is not attained until the end of the first year of
life (Laitman & Reidenberg, 1993).

Fourth, neonates can be described as being variously “preadapted” to having their
attention drawn to different components of the communicative systems they are
immersed in. Emerging perceptual systems are selectively tuned (to use Richards’s, 1974,
phrase) to dimensions that form the characteristic constellations of objects and events in
their social worlds. Stern (1977, p. 37) has termed this “innateness once removed.” Thus,
for example, infants may not initially be specifically attracted to human faces per se, but
adult human faces presented to them in the real time of everyday life may be sites that
condense the varied perceptual dimensions that are individually attractive to infants: con-
trast, organization, movement, and multimodality. In addition, as with other mammals,
infant auditory systems function categorically from the outset, making them well attuned
to the distinctions that structure the speech sounds they are immersed in (e.g., Kuhl,
1987). In addition, the way that adults modify their social actions toward infants tends
to be in ways that exaggerate those dimensions that infants already find attractive, thus
making them even more attractive to infants (e.g., Fernald, 1991, for the characteristics
of speech directed to infants; and Stern, 1977, for facial expression and its rhythmic inte-
gration with sound and touch).
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Fifth, and unlike older infants who are most attracted to novelty, young infants are
most attracted to familiar events: 2-week-old breastfed infants prefer the smell of their
own mothers; within two days of birth neonates prefer their mothers’ faces to those of
other adults (Field, Cohen, Garcia, & Greenberg, 1984; Walton, Bower, & Bower, 1992);
and because of what they will have heard most often in the womb before birth, they prefer
the characteristic sounds and tempos of their mother’s voice from the outset (DeCasper
& Spence, 1986). Note, though, that these kinds of familiar events are always varying 
in their specific occurrences and manifestations. If they did not, then infants would 
habituate to them rather than find them so attractive.

From 3 to 6 Months

Infants change quite dramatically at the end of their second month: they begin to become
intensely interested in people, and they become very rewarding “human” partners in the
eyes of those who care for them (see, for details, Emde et al., 1976; Fischer & Hogan,
1989). While this change is most likely rooted in maturational factors, it has a qualita-
tive rather than purely quantitative flavor: infants present a different interactive “feel” to
adults who engage with them. This “presence” arises quickly. The objectifiable changes
that accompany it fall into four areas: alertness, gaze control, smiling, and cooing. Infants
are now in a state of alert awareness for around 80 percent of their waking time (Wolff,
1987) and give the impression of being able to both select objects in their environment
to attend to, as well as initiate interpersonal actions, rather than merely have their atten-
tion captured by external events. Eye movements are under better control (e.g., Aslin,
1987); the caretaker’s eyes can be focused on so that periods of sustained mutual regard
become possible; and the distance over which coordinated interchanges can occur extends
continuously outward, no longer occurring only while infants are held (Papoušek &
Papoušek, 1977).

Facial expressions become more animated, and their timing synchronizes with the
shared properties of the visual and physical interactions infants are engaged in, so as to
leave the adult participant in no doubt that these expressions are part of their interaction
with a human partner, rather than being merely random activities on the infant’s part.
Smiling, in particular, shifts from what has been termed endogenous to exogenous
control, and is often directed to the adult with whom mutual gaze is being sustained
(Emde et al., 1976; Wolff, 1987). Trevarthen (1979) has called attention to the increas-
ing movements of the tongue and lips of the infant during interactions, terming it pre-
speech, and Fogel and Hannan (1985) have noted how such prespeech can be accompanied
by hand movements that adults also read as having an expressive content. In addition,
the infant’s repertoire of vocal productions expands, particularly the “coos and goos” that
are taken as characteristic features of infancy.

Overall, infants of this age become much more attuned to the finer details of the adult’s
vocal and facial expressions, and especially so to the temporal patterning of these. It 
is these tempos that increasingly moderate the interpersonal meshing of affect for both
partners, and these properties of their interaction begin to be clearly exploited by adults
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so as to maintain mutually enjoyable interactions with infants. “Baby talk,” exaggerated
facial expressions, and the captivating of the infant’s attention by exaggerating the tem-
poral characteristics of “conversation” are prime aspects of the flowering of what Papoušek
and Papoušek (1987) term “intuitive parenting.” At the same time, infants become
increasingly active participants in determining the course of interactions, such that the
patterning of social interchanges results from the moment-to-moment responsiveness of
each partner to the other, rather than being imposed by one or the other. The basics of
human communicative “dancing” are in place by about 6 months of age. And then infants
head off on a new tack: they become dominated by an interest in “things” rather than
people.

From 6 to 9 Months

Piaget (e.g., 1936/1963) was one of the first investigators to emphasize the importance
of this three-month period in an infant’s life. At the beginning of this time, what he calls
“secondary schemes” – aimed at objects rather than the infant’s body itself (primary
schemes) – make their first appearance, and these become coordinated around three
months later to produce what he considered as the first truly intelligent and intentional
behaviors: infants begin to act in ways that strongly suggest they are doing one thing in
order that a particular end might be achieved. What Piaget did not emphasize in his classic
account was the impact this interest in objects has for the development of communica-
tion. This shift to objects initially ruptures the episodes of mutual regard (Kaye & Fogel,
1980; Trevarthen & Hubley, 1978), but it simultaneously presents adults and infants with
a new and crucially important problem – how to incorporate each other’s attention into
ongoing activities so as to share this emerging interest in objects, or, more generally, the
world that exists beyond the boundaries of the infant’s previous absorption in the micro-
cosm of faces and voices. Where the ability to jointly focus on each other has already
been achieved, the new challenges facing the infant are to coordinate these separate atten-
tions on an extraneous feature of the world; to be able to initiate these coordinations;
and to be able to tell when these have not been achieved.

From a communicative perspective, these are very important challenges, for mastering
them must in some way underpin the eventual move to achieving reference, to be able to
talk about a common world, which is a primary characteristic of human language. At the
root of these challenges is a complicated problem of imaginative interpersonal geometry:
to come to understand, for example, that another’s emotional expression can be a
comment about something that is happening outside of the expression itself; to be able
to “read” where another is looking so as to be able to locate and share in the event 
they are talking about, rather than to be clueless as to what is going on; to grasp that
actions of self and other can “point to” something beyond themselves, such that one
doesn’t look at another’s fingers and hands when they point with them, but needs to 
look in the direction they are indicating to share in what they are pointing out. These 
are not easy problems to solve, and human infants are almost the only organisms 
known to be able to master them (see below). This mastery is very much a joint achieve-

Preverbal Communication 385



ment rather than an individual one, with adults providing a framework for it. Adults
provide a “scaffolding context” (Bruner, 1975; Wood, Bruner, & Ross, 1976) whereby
they engage and sustain their involvement with infants-and-objects before infants can do
this for themselves.

What infants can actually do at this point in their lives is currently unclear. Butter-
worth (e.g., Butterworth & Cochran, 1980; Butterworth & Jarrett, 1991; see also Scaife
& Bruner, 1975), for example, argues that there is evidence that 6–9-month-olds act on
the assumption that their own visual space is held in common with those they are inter-
acting with, in that they can use the visual information of where adults are looking to
guide their own looking, but what in particular they are meant to look at when they turn
to follow another’s gaze is not something they can work out from just observing the adult.
Rather, they end up looking at something that “stands out” as worth looking at in that
direction when they orient that way, it being the “ecological” features of the environment
that act to complete the message that the adult is signaling. By contrast, Corkum and
Moore (1995) find no evidence that infants of this age can follow another’s line of regard,
and that while this ability begins to come in around 12 months of age, it is still rudi-
mentary and not fully formed until at least 15 months.

While it is important to gather more data on what infants can actually do in this
period, I want to suggest that at this age it is the actions of the adult that are of the prime
developmental significance. What I mean is this: if we take the central point from Piaget
that infants learn through their actions on the world, then how the world they are learn-
ing about is structured becomes of major significance as to what they learn. There are
some very important maturational changes going on with respect to infants’ psychologi-
cal makeup at this time, such that a number of new capabilities come “on-line” in the
last quarter of the first year of their lives (see below). How these abilities are structured
as they emerge, and what it is that they are put to work on, is crucially dependent on the
raw material they both work on and are forged through. That is, it is not just the case
that infants act on the world, but that the world itself is transacted to them in the way
another presents it.

Consider how an adult can interact with an infant whose interests are focused on object
manipulation when the objects are part of a formboard into which the pieces can be fitted.
If the pieces are in their places, then they can be difficult for a 7-month-old to extract.
But the infant’s hands and grip can be physically assisted by the adult’s actions, enabling
her to achieve her aim. If the pieces are not in their places, then getting them there is
even more difficult (shapes have to be oriented and matched to places, for example).
Putting pieces in places is not a goal these infants can likely even formulate. But they can
achieve it if the adult places the piece in such a way that it is likely to fall into its place
just by touch. There are numerous reports in the literature that draw attention to the
ways adults, often seamlessly, structure the opportunities infants have for attending to
and manipulating their environments (e.g., Adamson & Bakeman, 1984; Bruner, 1983;
Trevarthen & Hubley, 1978). In addition, it is important to remember that the actions
of adults are themselves not just opportunistically forged in the changing possibilities
their infants offer as they act on objects that afford different canonical actions, either
(balls are for rolling and blocks are for stacking – not just sucking, for example). Rather,
the momentary possibilities for where-to-go-next are themselves embedded in the form-
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conserving practices, techniques, and formats of the cultural sphere within which adults
structure their own plans and intentions:

the very essence of cultural development is in the collision of mature cultural forms of behav-
iour with the primitive forms that characterize the child’s behaviour. (Vygotsky, 1981, 
p. 151)

While Vygotsky’s point applies equally to earlier periods, its importance is more appar-
ent and critical as infants of this age begin to act with objects.

Toward the end of this period, we begin to see glimpses of infants being able to show
the first stirrings of a coordination between their previous person-oriented communica-
tion skills and at least their “reactions” with respect to objects and events. For example,
Trevarthen and Hubley (1978, p. 200) report for an infant called Tracey that, at 38 weeks,

Tracey and her mother banged hands on the table in alternation and Tracey, while looking
at her mother, grinned at the effect they produced.

But to begin with, as these hints of an emerging awareness of the agency of others become
apparent, there are few indications that infants can properly integrate action on objects
into their communicative interactions with adults. Tomasello (1995, pp. 107–108) inter-
prets the situation to this point thus:

prior to 9 months of age adult–infant simultaneous looking is either fortuitous, a case of
onlooking [see Bakeman & Adamson, 1984], a case of alternating attention, or results 
from infant gaze following as a learned response in which an adult head turn is used as a
discriminative cue that an interesting sight is to be found in a particular direction. There is
no joint attention or any other indication that infants at this age understand others as 
intentional agents.

From 9 to 12 Months

At 40 weeks, Tracey’s mother became an acknowledged participant in actions. Tracey repeat-
edly looked up at her mother’s face when receiving an object, pausing as if to acknowledge
receipt. She also looked up to her mother at breaks in her play, giving an indication of 
willingness to share experiences as she had never done before. (Trevarthen & Hubley, 1978,
p. 200)

Nine- to 12-month-old infants also seem to be in a transitional phase. Beginning around
this time, their actions on the world, and the staged integration of these into their social
interactions with their culture that intrude on their otherwise individual “obsessions,”
start to bear fruit, enabling an active integration of infant, adult, object, and intention
into more deliberate actions. There is a lot going on during this period, and the changes
that are reported in infants’ abilities are important in that, first, they evidence a qualita-
tive shift in the character of their performance; and second, these changes in a number of
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abilities – for example, imitation (Meltzoff, 1988); conventionalized gesturing (Bates,
Benigni, Bretherton, Camaioni, & Volterra, 1979); social referencing (e.g., contributors
to Feinman, 1992); giving and taking objects (Clark, 1978; Griffiths, 1954) – either sev-
erally contribute to infants coming to understand that others are separate beings with
intentions and attentions that may differ from their own and that need to be brought
into line with their goals if they are to accomplish their own intentions, or are themselves
consequent upon that emerging understanding. Interactions become increasingly coordi-
nated (Adamson & Bakeman, 1985), such that, by the end of their first year, infants
undergo “a revolution in their understanding of persons . . . that is just as coherent and
dramatic as the one they undergo at around their fourth birthday” (Tomasello, 1995, 
p. 104; see also Bates, O’Connell, & Shore, 1987; Bretherton, 1992; Tomasello, Kruger,
& Ratner, 1993).

The general course of development at this time is now quite well established in the
literature. Around 9 months of age, infants begin to change their pattern of attention
when interacting with objects and people simultaneously. Prior to this time, infants will
focus their attention exclusively on an object that they either want or have. In the first
case, infants give the appearance of being “frustrated” at their lack of success in reaching
for an object, for example, and express that frustration while continuing to look at the
object. The participating adult may act to give the object to the infant. But at around 9
months, infants begin to break their gaze in such situations away from the object to look
back and forth between it and the adult: assistance in the pursuit of intentions is recruited
rather than fortuitously received (Bates et al., 1979; Bates, Camaioni, & Volterra, 1975;
Lock, 1978, 1980). Similarly, actions in pursuit of direct goals start to become stylized
and aimed at the goal of getting the adult to act on the infant’s behalf. Desired objects
can be “requested,” and interesting sights can be “pointed” to so as to establish joint atten-
tion on them, and infants develop a number of, often idiosyncratic, gestures that can
convey their desires (protoimperatives) and interests (protodeclaratives) (Bates, 1976).

Requests and “referential” gestures appear to have separate roots. Requests develop first
and are usually styled, or iconized, from direct actions: a stylized reach or upturned palm
in the recruitment of assistance in obtaining an object (e.g., Bruner, Roy, & Ratner, 1982;
Clark, 1978), or raising both arms so as to be picked up (Service, 1984), for example. To
begin with, these gestures are tied very closely to their immediate context of occurrence
and only later extend beyond this as the infant’s abilities to predict events increases. Thus,
for example, a 9-month-old might arm-raise when confronted with indications that she
is about to be picked up; whereas a 13-month-old might anticipate being picked up
because a meal is imminent and so indicate by arm-raising to a nearby adult in antici-
pation of needing to be moved to his chair. Similarly, the distance over which objects can
be requested also increases (Bruner et al., 1982; Werner & Kaplan, 1963), as can the
specificity of what is being requested by an increasing repertoire of stylized actions that
can be recruited for the purpose of communicating particular intentions (for example,
using a twisting motion of the wrist and hand to specify “open this jar for me”).

Pointing becomes productive later than requests, at around 12 months. Despite an
increasing number of studies of this gesture, its actual developmental origins are still
unclear. Some have argued (e.g., Vygotsky, 1966; Werner & Kaplan, 1963) that it is an
abbreviated reach. Others (e.g., Bates, 1976; Leung & Rheingold, 1981) have claimed
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that it is originally an action for the self, enabling an infant to better keep his or her own
attention on an object, and that this only later becomes imported into directing the atten-
tion of others. Still others contend that its origins are to be found in direct object explo-
ration using the index finger, and all that happens developmentally is that this exploratory
action is called into play with respect to objects that are just out of reach, and so it socially
functions by default to direct another’s attention, later becoming controlled by the infant
for this purpose. Yet others have argued that the gesture is likely innate, since it has been
regarded as a species-specific characteristic of humans alone (e.g., Butterworth, 1995);
while further, some have claimed it is learned by imitation. There is now some evidence
that it is a gesture that is used by chimpanzees, especially those with a deal of experience
with human social interaction, and so it is not truly a unique species characteristic of
humans (Leavens & Hopkins, 1998; Leavens, Hopkins, & Bard, 1996).

The fact, however, that this has taken so long to be reported after countless hours have
been put into studying primates in the past 30 years – studies that have clearly demon-
strated “request” gestures of various sorts – suggests that pointing does not come easily
to nonhuman primates, and that divorcing “desires” from objects into just wanting to
“say something” about an object, event, or where one is looking is that much more dif-
ficult to achieve than requesting. (Note also that humans are additionally adapted to be
“attention-directing organisms” by the coloration of their eyes – unique amongst primates
in having “whites” to them which might well function to increase the detectability of
another’s gaze.) We might also infer this from the fact that a number of breeds of domes-
tic dog are very good at incorporating gaze checking into ongoing object games with their
owners – looking from ball to owner to ball – and can use objects as props to specify
their desires – bringing leads to go for a walk or dishes to get fed – but do not “point”
so as to direct attention to interesting events, nor comprehend pointing gestures either
(rather, they look at or sniff one’s fingers). Pointing does appear to have a separate origin
from request gestures and is most likely rooted in attention directing rather than trying
to gain contact with objects, with other factors fitting into providing the foundations for
the mature performance of the act (for example, the anatomical configuration of the
human hand predisposes the use of the index rather than any other finger for the actual
performance of a point – see, e.g., Lock, Young, Service, & Chandler, 1990; Povinelli &
Davis, 1994).

Developments during this time have been theorized as arising in different ways. 
Cognitive explanations have tended to be either inspired by the Piagetian notion of a 
fundamental reconfiguration of cognition that informs action in many different spheres
(e.g., Adamson, Bakeman, & Smith, 1990; Fischer & Farrar, 1988), or by developments
occurring separately in different domains that in concert establish a base for a new emer-
gent ability which capitalizes on the achievements in the developmental strands that
enable it. Bates and her colleagues (e.g., 1979) found that measures of an infant’s abili-
ties with respect to conventionalized communicative skills, imitation, tool use (an index
of the infant’s understanding of means–end relations), object permanence, and spatial
relations were independent of each other at any particular age for infants in their study,
but that the measures for the first three at the earlier ages were predictive of the time of
emergence of productive symbolic communicative acts at a later age. This makes intu-
itive sense in that to use a conventional “word” requires one to know how to communi-
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cate, know how to reproduce (imitate) a conventional sound, and to have abstracted that
sound out of the flow of speech one is immersed in (abstraction being integral to the
mastery of means–end relations).

By contrast, Trevarthen (1988) argues for a genetic base to the emergence of inten-
tional communication, taking the view that there is a real difference in the nature of
understanding the causal world of objects and the intentional nature of people, and that
the basis for this latter understanding is built into the design of the developing human
brain, which is anatomically partitioned from the outset into three modes:

These modes are probably three real systems of the brain that achieve functional differenti-
ation by interaction with each other and with the environment. Forms of action and 
perceptual processing appropriate for (1) knowing and using objects (praxic mode), for 
(2) communicating with the human world (communicative mode), and for (3) acting in a
self-directed or thoughtful manner (reflective mode) appear as distinct rudiments in the
newborn. (Trevarthen & Hubley, 1978, p. 213)

It is the maturation of these systems, and the consequent possibilities for the integration
of the developing “contents,” that accounts for the timing of the emergence of new levels
of communicative competence. The evidence consistent with this claim is that there are
detectable changes in cortical functioning that correlate with the timing of the changes
noted thus far in the first year of life (e.g., Thatcher, Walker, & Giudice, 1987); cortical
maturation correlates with the onset of new, apparently modular, abilities (e.g., Baron-
Cohen, 1995); the universality of the timing of these shifts cross-culturally (e.g.,
Bakeman, Adamson, Konner, & Barr, 1990; Trevarthen, 1988); and Bruner’s trenchant
question (1995, p. 2):

could any infant, or anybody for that matter, ever learn from scratch, from experience alone,
that somebody was looking at something, and it was the same thing the infant was looking
at? You would somehow have to know a priori that somebody was looking at something
before it would occur to you to figure out what they were looking at.

Thus, Trevarthen and Hubley (1978, p. 213) posit an innate intersubjectivity:

This function identifies persons, regulates motivation and intention toward them, and 
simultaneously forms rudimentary acts of speech and gesture in patterned combinations 
and sequences. It also provides internal images of face and hand movements for the iden-
tification and imitation of the expressions of others.

It would seem most likely that both cognitive achievements and maturation are 
integral to these changes in infant abilities, and that the course of development in any
particular child is determined by the unique constellation of events that child’s maturing
“wetware” has available to it in the course of its structural – and hence functional – 
differentiation. One such account is the dynamic systems perspective (e.g., Fogel, 1990;
Thelen, 1989; Thelen & Smith, 1994; van Geert, 1991). Clearly, one thing that we do
know beyond doubt from the intensive work on infancy in the past 40 years is that single-
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factor explanations are wide of the required mark. This realization enriches our concep-
tion of these early developmental processes, but at the same time makes the “telling of a
normative tale” as to the actual course of development that much more difficult, for there
is no one way in which infants might go on to “crack the symbolic code.” Rather, there
are lots of individual trajectories that can be traversed to reach a successful outcome
(Nelson, 1996).

That said, however, we can expect, at the end of this period – that is, around the
infant’s first birthday – to find ourselves confronted by a sophisticated communicator
who as yet cannot use language but who can, amongst other things,

• execute intentions alone and in harness with others;
• coordinate objects and people together in pursuit of these intentions;
• use gestures to partly specify these intentions (see below);
• subordinate his or her own actions to the regulatory control of a limited number of

another’s words;
• voluntarily give, take, and request objects in interaction with others, and who has

“fined down” some control of his or her own repertoire of sound production.

By this age, the infant is on the verge of the symbolic realm, being able, for example, to
use objects inventively to “stand for” other objects in pretend play and to reproduce others’
actions over long time delays (deferred imitation).

Developments in the Second Year

Consider the episodes captured in Figures 14.1 and 14.2, which portray a 12-month
infant deploying all the skills she has amassed during her first year of life so as to very
clearly convey to another what she wants: in one case an apple, in the other “more to
drink.” How does she go from here into “language”? On the one hand, the apparently
simple task of offering a description of the schedule of changes that we can expect to
occur has proved more difficult to arrive at than might be expected. On the other hand,
the much more difficult task of explaining how language is arrived at has proved to be
just that: much more difficult.

The Schedule of Events

“In the beginning was the word” is exactly wrong; in the beginning was the utterance.
(McShane, 1980, p. 1)

Water-tight definitions of what words and reference are have proved to be elusive. This
makes a simple story, such as the following, at once useful and inadequate. Infants begin
to use single words around the start of their second year of life (citing references here
would be superfluous). Their vocabularies increase slowly at first, with only a few items
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added each month. Gestures tend to co-occur with utterances at this time, and seem to
act in concert with what is spoken (Zinober & Martlew, 1986: a point, for example,
serves to identify the object that is simultaneously named). Gestures tend to outnumber
words in the first part of the second year, but after that vocal signs become more domi-
nant (Iverson, Capirici, & Caselli, 1994). The shift from gesture to words probably results
from the verbal envelope of everyday social life that infant development is immersed in,
there being little evidence that infants are predisposed to favor vocal over manual pro-
duction, or vice versa (Bates et al., 1979). Somewhere toward the middle of the second
year, a rapid increase in the rate of development sets in (e.g., Halliday, 1975; Nelson,
1973). A number of the early investigators (e.g., Moore, 1896; Stern & Stern, 1907), as
well as more recent ones (e.g., McShane, 1980), argue that it is at this point that infants
gain the insight that words name or refer to things, and that armed with this principle
they can learn new words more rapidly than by building up more laborious individual
sound–object associations. Gestures now seem to accompany utterances as complements
to “words”: that is, a point may single out an object that something can then be said
about (Zinober & Martlew, 1986). By the end of their second year, children (they are
not infants anymore) are combining words together in predictable and regular ways, and
these regularities can be captured in simple rule systems. Whether these rule systems are
productive or descriptive of the child’s output is not settled at this point, and neither is
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Figure 14.1 Unable to reach the apple (1), the child turns to attract the adult’s attention by vocal-
izing (2). Having established eye contact with the adult (3), the child uses a pointing gesture to
direct the adult’s attention to the apple (4), thereby identifying the object implied as being wanted
by the tonality of the vocalization (from Lock, 1980, p. 98).



the question of whether the regularities found in child speech at this age are generated
by the same mechanisms that have been claimed to later underwrite “true” grammar.1

Gestures become much less frequent in the language activities of hearing children from
the age of 2, and the burden of “making meaning” falls on words, their ordering, their
intonation, and their emphases.

Most researchers would probably accept this story as a reasonable generalization, and
there are both studies with large numbers of subjects (e.g., Bates, Bretherton, & Snyder,
1988; Caselli et al., 1995), and also compilations across studies of the period (e.g.,
McCarthy, 1954; Reich, 1986) that do suggest a set of “average milestones.” But the
problem with it is not just that we need to add provisos as to individual differences
amongst infants – as to how this sequence is actually played out developmentally (e.g.,
Nelson, 1973, has characterized two broad styles of early language development, refer-
ential and expressive: referential infants tend to show a vocabulary spurt as described
above; expressive children do not). Rather, and in contradiction to the claim that the
above is a reasonable generalization, there is in fact quite a lack of agreement amongst
different researchers as to the nature of early speech: for example, Dale (1980) finds
naming to be the earliest-appearing form of speech; whereas Halliday (1975) finds no
evidence of naming at all for the child he studied during the same period. There are a
number of reasons why this could be the case. First, there are marked individual differ-
ences amongst the children whose language development has been studied. From these
differences we need to note that:
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1 The view that there is a universal sequence of stages is a myth. Elucidating the way
in which this myth has been constructed and interwoven with theoretical claims as
to the innate bases of language in humans – claims which have then become cate-
gories that mold the data to fit them – would make for a paradigmatic case study in
the history of science; and

2 It is more likely that language emerges from a system of underlying competencies
(e.g., van Geert, 1991; cf. above on dynamic systems approaches), and that any 
biological imperatives are of a general nature that make “language” of salience to
infants (Bates & Carnavale, 1993), rather than depending on a single module or suite
of modules.

Second, different researchers use both different coding schemes and different theoret-
ical perspectives, and these can make comparisons between studies and the drawing of
generalizations from them very difficult. Third, and perhaps the major problem, is that
there is no clear definition of the boundaries of what constitutes meaningful and con-
ventional language. This last problem is crucial. It might reasonably be thought that 
little progress can be made without clearly defined operational categories. However, such
categories, in setting up Rubicons that must be traversed, can fundamentally obscure the
nature of development in this period: and theoretical convenience should not act so as
to mask the nature of developmental processes of change over time. It is unlikely that
there exists in the infant at any point in time a definable cognitive system for us to dis-
cover. We should not ask, for example, “what does the infant mean when he or she says
‘doggie’?” with the hope of uncovering the semantic features of this word that are repre-
sented in the infant’s mind. Rather, we should be asking questions such as: “What might
the infant be on the way to meaning when saying such a thing? What might the infant
be taken to be meaning by an adult in saying this, and how is the ‘acting out’ of this
interpretation ‘responded to’ by the infant?” We need a more adequate framework within
which to locate our understanding of changes during this period.

Toward a More Adequate Theorization of Early 
Communicative Development

What might we need by way of a theory to deal with these changes in infancy? This is
dangerous speculative territory, but I offer the following suggestions nonetheless. For a
number of reasons, the fact that all our psychological abilities work in concert to provide
us with an experience of being-in-the-world has been underemphasized in contemporary
psychological science, to the point where we tend to forget that this is the case. We have
been committed to a rigid division of the objective from the subjective through adopt-
ing the methodologies of sciences that study the environment from the position of a
detached, disembodied observer whose senses are augmented by prosthetic devices
(Bruner, 1966; La Barre, 1954) that allow us to sense worlds otherwise hidden from us.
We have forgotten that the environment is different from our environment. I suggest that
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there are a number of strands of work that provide the outlines of a potential framework
that allow us to get back to where we really belong.

(1) Katherine Nelson (1996, p. 10) has recognized one of the steps we need to make:

it is necessary for psychologists to understand the nature of the child’s experience at differ-
ent points in development. This requires in part the specification of the environment, as in
ethological and ecological studies; it requires as well, and specifically, an effort to understand
the perspective of the experiencing individual.

However, while endorsing this stance on Nelson’s part, I am leaving aside the particular
framework within which she goes on to develop her discussion once she has made this
shift: that is, as a framework within which to better elucidate the ways in which a child
comes to represent the world. My reasons for this caveat are that there are real concerns
as to the continuing usefulness of the entire representational cognitive paradigm when it
comes to dealing with “experience,” irrespective of how useful this view might continue
to be in explaining how “information is shunted around and processed” by the underly-
ing physiological systems that act to create that experience. A self-contained, discretely
representative knowledge system seems an increasingly unlikely candidate as an explana-
tory device now that other alternatives have come to challenge its hegemony over our
ways of dealing with the issues. There are now clear alternatives that need to be weighed
against each other.

(2) Of these, the framework of “embodied cognition” that has emerged in current arti-
ficial intelligence and robotic science provides a second strand, more suited to dealing
with “experience” in that it allows us to get away from the problems inherent in disem-
bodying knowledge as symbolic representational mental systems, and reunites “mind and
body, world and action” (for a review, see Clark, 1996). What we find here is a frame-
work that enables us to “dump” a great deal of the information required for the control
of ongoing action back into the environment, in a sense using the objects in the world
as the best representations of themselves, as a scaffold for our own effective, behavioral
environments.

(3) Once we have distributed “intelligence” back into the mutually supportive and
constitutive relationship between form and environment, then we can pick up on two
related concepts separately stated by Macmurray (1961) and Vygotsky (1966). First,
Macmurray’s view is that the human infant:

is not an independent individual. He lives a common life as one term in a personal rela-
tionship. Only in the process of development does he learn to achieve a relative indepen-
dence, and that only by appropriating the techniques of a rational social tradition. . . . The
unit of the personal is not the “I,” but the “You and I.” (1961, pp. 50, 61)

Vygotsky’s take on this is his insight that:

Any function in the child’s cultural development appears on the stage twice, on two planes,
first on the social plane and then on the psychological, first among people as an intermen-
tal category and then within the child as an intermental category. (1966, p. 44)
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Putting these points together enables us to grasp how the “sense” that infants come to
find in the events that make up their perceptual world is structured not just by their own
actions, but by those of others. In this sense, “making sense” of the world is accomplished
communicatively, and objects and events come to be known on their reappearance in the
infant’s perceptual field for what they can do: properties are constituted as intrinsic to
objects and events through their social nature as “props” in the interactive acting out of
intentions.

As an analogy for this suggested “way of looking” at the problem, consider the random
dots in Figure 14.3. Unlike the famous reversing figure–ground images beloved by Gestalt
psychologists, once one has “seen” the Dalmatian dog in the pattern one cannot go back
to seeing it as a random collection. This, I suggest, is what happens to objects and events
the infant encounters: these come to present themselves differently to the infant’s imme-
diate perception of them as they come to have more and more “affordances” structured
into them.

A more precise way of dealing with these changes, particularly from the point of under-
standing the course of communicative development, is to theorize infants as involved in
uncovering the implicit properties of their actions in the world (e.g., Lock, 1980, 1997).
These implicit properties have been made explicit by previous generations and are part
and parcel of the cultural system infants grow up in. One cultural rendering we could
give to Figure 14.1 is that the infant means “I want you to give me that apple.” The infant
controls this implication in her actions. She began by gaining control of lower-level impli-
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cations: knowing what she needs, she will reach for an object; but only post-9 months of
age will she come to control the implication that “if I want that, and can’t reach it, then
you must give it to me,” and we start to see her “appealing” to adults for assistance. And
only very late in the play will she bring out for herself an explicit marking of her implied
existence: post the attainment of symbols and propositions, she will “assume” her self, a
self that has been there as an object of others’ acts to and with her, but not constructed
as something that can be talked about until language is in place.

Preverbal communication can thus be seen as a period in which infants are coming to
control the implications of their situation in the world. Their developing biological and
psychological “mechanisms” are simultaneously structured by the perceptual environment
they constitute as infants’ emerging experience or Umwelt. As new bits of “kit” come on-
line, infants are thereby enabled to grasp, in an ordered fashion, the implications of their
situation. The nature of communicative development is best captured by (1) describing
it as the “coming to control” the implications of being an infant; and (2) explaining it as
an interplay between emerging “wetware” and the socially mediated experiential world
that this wetware underwrites.

Note

1 On this latter point, for example, it is now clear that under particular circumstances both species
of Pan can use words in as complicated ways as human 2-year-olds. It is less certain that Pan
individuals go beyond this level. It could be that species other than humans lack a set of orga-
nizing resources for language that “come on-line” in humans around the age of 2, and that
these early word combinations have nothing truly linguistic about them in their structural
aspects at all. On the other hand, it could be that a linguistic organizer comes in quite early
for human infants, and our two-word utterances are not homologously generated as compared
to those of other species.

Further Reading

1 Romanes, G. (1897). Origins of human faculty. In C. L. Morgan (Ed.), Essays by George John
Romanes (pp. 86–112). London: Longman, Green. [Reprinted 1984 in A. Lock & E. Fisher
(Eds.), Language development (pp. 25–38). London: Croom Helm.] This is a wonderful descrip-
tive paper. Romanes shows himself to be a “systems thinker” of the first order in setting out,
in the metaphors of his day, how a language system might put itself together in the first place.
Romanes’s concern is to state what has to be done and hint at how it might be done. His state-
ments may now appear a little quaint, but he does set out a famework within which our own
thoughts about the current database can be ordered. His paper thus still provides a clear intro-
duction to what infants are doing, and allows us to formulate questions about how they do it.

2 Bullowa, M. (1979). Before speech. Cambridge: Cambridge University Press; Golinkoff, R.
(1983). The transition from prelinguistic to linguistic communication. Hillsdale, NJ: Erlbaum;
Lock, A. J. (Ed.). (1978). Action, gesture, and symbol: The emergence of language. London: Aca-
demic Press; Schaffer, R. (1977). Studies in mother–infant interaction. London: Academic Press.
This group of “early modern” edited volumes between them set the agenda for the field as it
is today. They contain a number of “data-rich” papers, as well as conceptual ones on concepts
such as “intersubjectivity,” “joint attention and action,” and “prelinguistic communication.”
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3 Adamson, L. B. (1995). Communication development during infancy. Boulder, CO: Westview
Press. Adamson’s book is a thorough and very readable introduction to the field as it had devel-
oped up until the mid-1990s. It is both accessible by undergraduates by virtue of the clarity
of its explanation of central concepts, and detailed enough to serve as a reference source for
researchers.
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Chapter Fifteen

Early Language

Luigia Camaioni

The Transition from Communication to Language: 
A Continuity View

At about 12 months of age, before they begin to talk, typically developing children are
able to intentionally communicate using a variety of gestures and vocalizations. Through
these conventional signals they may accomplish different intentions and communicative
functions such as requesting, commenting, protesting, calling, and greeting. In their
family conversations by the time of their second birthday, children can use words as
symbols that represent objects or events, combine words in sentences, and refer to
past/future events and mental contents.

Between 1 and 2 years of age the typical child progresses from communicating through
conventional signals (gestural and vocal) to using words and sentences in order to express
his or her meanings. This major transition from intentional communication to symbolic
communication is preceded by another transition, from preintentional to intentional
communication, which occurs in the second half of the first year of life and is beyond
the scope of the present chapter (see Bates, Camaioni, & Volterra, 1975; Bruner, 1983;
Camaioni, 1993).

The “miracle” of language acquisition around the end of the first year of life has been
a traditional topic in classical developmental theories such as those proposed by Piaget,
Vygotsky, Werner and Kaplan, and Bruner. We already know a lot about this emergence,
both in terms of its cognitive aspects – the infant’s transition from sensorimotor to rep-
resentational intelligence, according to Piaget – and in terms of its sociointeractive aspects
– Bruner’s notion of maternal “scaffolding” and Vygotsky’s concept of the “zone of 
proximal development.”

Cognitively oriented and socially oriented approaches – which focus on individual cog-
nition and social guidance, respectively – do not integrate easily with each other and may
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look like parallel views on the same phenomenon. However, the frequently drawn con-
trast between the “social” theorist Vygotsky (1978) and the “individual” theorist Piaget
(1945) is partly misleading. Piaget and Vygotsky share a continuity-based approach to
language acquisition, meaning that there is a developmental link between language and
earlier nonlinguistic cognition and communication. Both Vygotsky’s insistence upon the
primacy of meaning as a socially shared construction and Piaget’s commitment to the
developmental continuity linking language to representation and symbolic thought are
important assumptions, and they stand in contrast to the discontinuity approach of gen-
erativist theories (e.g., Chomsky).

Another developmental model for explaining the child’s transition to language was
proposed by Werner and Kaplan in their seminal book on Symbol Formation (1963).
Adopting the Gestalt concepts of gradual emergence of figure within ground and dis-
tancing of the figure from the ground, Werner and Kaplan argued that symbols arise when
what they call the “primordial sharing situation” becomes gradually differentiated in its
components (basically, the self, the object, and the other person) and gives rise to a new
form. Initially nonrepresentational acts of reference – for example, exchanging things and
looking at them with another person – are transformed so that a symbol can represent
the referent. In such a view, social-affective as well as sensorimotor actions are seen as the
developmental source of symbols.

From these classical theories we derive both a constructivist perspective and a con-
tinuity view on the transition from prelinguistic communication to language. Acquiring
language is an active process in which infants build their knowledge and construct shared
meanings on the basis of experiences with objects and interactions with people. Also, as
we shall examine in the next section, there is a very gradual transition from communi-
cating through sounds and gestures to producing and understanding words as symbols
that represent objects and events. Thus, communication and language development can
be conceptualized as a three-stage continuous process involving, first, a transition from
preintentional to intentional communication and, second, a transition from conventional
to symbolic communication or from conventional to symbolic modes of reference.

The present chapter focuses on the second transition. However, in the next section I
shall start by outlining the entire developmental course of what we call the “ontogenesis
of reference,” from the onset grounded on joint attention and interpersonal sharing until
the endpoint, in which symbols are used to communicate about shared meanings. Fol-
lowing that, the emergence of first words, their nature and function, the gradual or sudden
growth in vocabulary that occurs around the middle of the second year, and finally, the
passage from single words to multiword combinations will be considered in the third
section. The last section highlights the role of individual differences both in the way 
children acquire their mother tongue, and in the linguistic input addressed to them by
caregivers living in different cultures and speaking different languages.

From Attentional to Conventional to Symbolic Reference

In the view I propose here, to refer basically implies to pick out some aspect of the world,
so that the figured aspect becomes a topic of shared attention. This picking out of aspects
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of the world may be analyzed as a Gestalt process of gradual emergence of figure within
ground and distancing of the figure from the ground. Instrumental actions originally 
adequate for achieving the child’s goals and desires mechanically (e.g., reaching, grasp-
ing, approaching) are gradually separated from the concrete attempt to reach objects and
become communicative acts, appropriate for communicating the child’s goals to another
person rather than for fulfilling these goals directly.

At the same time, in picking out aspects of the world I refer to something for you and
what is referred to is the world that I share with you. The intersubjective experience of
sharing may be conceptualized as a dyadic relational “frame” which evolves from sharing
attention on a common focus to sharing the conventional meaning of signals to sharing
the reversibility and arbitrariness of meaning–referent relationships.

The ontogenesis of reference is a complex transactional process in which both
child–object relations and child–other person relations evolve according to a three-stage
model (see Figure 15.1).

Around the middle of their first year of life infants begin to alternate their gaze back
and forth between an object/event of interest and another person. In “social referencing”
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(Klinnert, Campos, Sorce, Emde, & Svejda, 1983) for example, babies regulate their 
reaction to a novel object or event (approaching/avoiding, manipulating/not manipulat-
ing) on the basis of appreciating their mothers’ emotional reaction to the same
object/event.

Soon thereafter, infants become able to coordinate attention toward an object/
event and another person in one and the same episode (“coordinated person–object 
orientation”; Sugarman, 1978), and to engage in relatively extended episodes of joint
attention with a social partner (Bakeman & Adamson, 1984). Also at this time infants
begin to follow another person’s direction of gaze to outside entities (Corkum & Moore,
1995).

These triadic interactions in which infants actively coordinate their visual attention to
person and object, for example, by following the adult gaze or by looking to an adult
periodically as they play together with a toy, identify the first phase in the ontogenesis of
reference, i.e., the construction of an attentional referent.

In the last months (9–12) of the first year of life infants begin to use gestures to 
actively direct adult attention to external entities inside the previously established triadic
interactions (Bates et al., 1975; Masur, 1983; Sugarman, 1978). Gestures such as point-
ing, showing, offering, giving, and ritualized requests (i.e., extending the arm with hand
open, palm up or down) are called deictic since they are used to refer to external
objects/events and express only the child’s communicative intent. Differently from the
instrumental actions of reaching and grasping, these gestures are inadequate for achiev-
ing the child’s intended goal mechanically; they are, however, perfectly adequate for 
conveying this goal to another person communicatively. Usually they do not involve any
contact with the recipient, with respect to the gesture or the goal (although some of them
require that the object be located in the infant’s hand; see Masur, 1983). In most cases
they are accompanied by the infant’s looking at the partner, either solely or in alterna-
tion with looks to the object. The ability to alternate gaze between the object and the
partner indicates that the child is aware of the effects his or her signals will have on the
recipient, i.e., the signal is used intentionally (Bates, Benigni, Bretherton, Camaioni, &
Volterra, 1979).

Three features of deictic gestures – pointed out by Tomasello and Camaioni (1997) –
are worthy of note here: (1) they are distal signals, adequate for influencing an agent per-
ceived as capable of self-initiated action in fulfilling goals; (2) they are triadic in the sense
that they attempt to direct another person to some outside entity; and (3) they are accom-
panied by eye contact with the partner, or by gaze alternation between the partner and the
target, as a way of checking the signal’s efficacy on the partner’s impending action or
attention.

In the same age period, children acquire a repertoire of word-like sounds to express
their communicative intentions. These sounds are used alone or accompanied by gestures:
for example, a child points and vocalizes “da” to direct the mother’s attention to an inter-
esting object, and another child uses a two-syllable “na-na” in any request situation, from
wanting an object to calling an adult from another room (Bates et al., 1975).

In terms of the ontogenesis of reference, deictic gestures and word-like sounds, used
as intentional signals for communicative purposes, characterize a new phase in which the
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referent becomes conventional. At first, children use gestures as instrumental actions, as
means for reaching goals. They are then gradually ritualized and performed in a stylized
manner, with less and less resemblance to the original action from which they emerged.
The same process of ritualization applies to early vocalizations, which gradually become
vocal signals.

Soon after children’s use of deictic gestures, they begin using a new type of gesture,
called representational. Differently from deictic gestures, whose referent can only be inter-
preted by looking at the extralinguistic context, these new gestures represent a specific
referent and thus their meaning does not change with context. For example, the child
raises her palms, meaning “all gone,” when she finishes drinking her milk or juice. Around
the middle of their second year of life infants use representational gestures both to regu-
late social interaction – for example, waving for “bye-bye,” head shaking for “no,” raising
the palms for “all gone” – and to label specific objects or actions – for example,
opening/closing the mouth for “fish,” driving motions for “car,” blowing for “hot things,”
flapping the hands for “birdie”. Some of these gestures seem culturally universal, whereas
some are culturally specific (Acredolo & Goodwyn, 1988; Iverson, Capirci, & Caselli,
1994).

The representational gestures first appear in imitation games between infant and
mother, or within social routines and pretend-play episodes repeatedly produced in the
context of infant–parent interaction (Caselli, 1983). They seem learned mainly via imi-
tation, as there are no spontaneous child behaviors that could be ritualized in this manner.
According to Acredolo and Goodwyn (1990), the mean number of different types of 
representational gestures in the repertoires of the infants they examined range between 0
and 16, with a mean of 3.9.

From my perspective, the acquisition of these gestures provides a bridge toward sym-
bolic communication and helps the child through the distancing process, i.e., in moving
from object-related and contextualized gestures to more abstract and arbitrary relation-
ships between referent and meaning.

Initial “first words” acquisition has also been described as context- or event-bound, 
in that words are typically produced in highly specific contexts rather than used to refer
to absent events or mental contents (Barrett, 1986). For example, the child waves and
says “bye-bye” only when closing a book, or utters “mama” when crying in anger. During
the one-word stage children learn to gradually decontextualize words, hearing the same
word in different contexts as well as hearing different words in similar contexts (Bloom,
1973).

In summary, the decontextualized use of first words and representational gestures cor-
responds to the last phase in our three-stage model of the ontogenesis of reference, i.e.,
symbolic reference. The capacity to use words and gestures as symbols marks the maximum
of “distancing” between the child and the object-of-reference, since the child has to fully
realize that the symbol is not the same thing as its referent. At the same time, this capac-
ity marks the maximum of sharing between the child and the other person since such an
arbitrary, culturally defined, meaning–referent relationship could only be co-constructed
and mutually coordinated in the context of child–caregiver interaction. In the next
section, the development of speech is reviewed from the emergence of first words until
the transition to multiword combinations.
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First Words

Between babbles and early words, most infants produce idiosyncratic sounds whose
meaning is understood only by the infant’s intimate partners, usually the parents. Dif-
ferently from words, these protowords (Halliday, 1975), also called “phonetically con-
sistent forms” (Dore, Franklin, Miller, & Ramer, 1976), are attached to a specific context
through an iconic or figurative relationship, for example, in the context of an action
format (e.g., making a sound “vroom” when pushing a toy car and “bam” when knock-
ing down a tower) or the context of an emotional state (e.g., producing “ha-ha-ha” when
hugging a doll). Protowords are clearly transitional forms that announce the future
appearance of words.

When is a word a word? In order to decide whether a spoken sound is a word, 
Vihman and McCune (1994) propose two major criteria: (1) a phonetic form that 
approximates an adult word, and (2) situational consistency in use. Thus a word is a 
phonetically consistent form used to refer to a specific object/event or to a class of
objects/events.

What are the child’s first words? Three categories of early word have been proposed in
the literature over the past two decades. The first and most prominent category is early
names for objects (e.g., car, shoes, teddy, bottle; see Nelson, 1974). The second category
is words used to regulate social interaction like hello, no, yes, bye-bye, first noted by Bloom
(1973), who found that these social words occur more frequently than names although
there are fewer of them. Other investigators (see Gopnik, 1988) have identified a third
category of cognitive-relational words encoding concepts such as failure, disappearance,
recurrence, and location (e.g., no, gone, more, there).

There is evidence that disappearance words (gone) emerge in conjunction with the
ability to solve tasks involving invisible displacements of objects (i.e., looking for a 
previously visible object which is placed out of sight; see Gopnik, 1984), while words 
for success and failure are concomitant with the development of problem-solving 
abilities (Gopnik & Meltzoff, 1984). English-speaking children typically use “uh-oh” 
and “oh dear” to express failure and words such as “there” and “good” to express success.
Some words may be used in a social-routine context at the beginning and then be
extended to new contexts. The word more, for example, initially used only to request
actions or objects, is subsequently used to comment on the recurrence of actions or
objects.

What do early words mean? Typically, infants assign meaning to their early words using
some kind of implicit rule such as noting similarities, perceptual or functional, among
objects and events. For example, objects may share a perceptual property such as size,
shape, or sound; in other cases different objects may share a similar function. Thus all
objects that a child puts on her head are called hat, regardless of their shape or 
size. Another child may use the word ball to label a red balloon as well as an Easter 
egg and a round canister lid. These overextensions of words are the most frequent in 
early vocabularies, but children also underextend some words, for example, duck used
only to name toy ducks or animal applied only to mammals (not to birds, fish, and
insects). As a consequence, the range of application of some early words needs to be
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expanded in later lexical development, whereas the meaning of other words has to be 
narrowed.

Interestingly, some overextensions might represent the earliest sign of metaphoric use
in children’s speech, since the power of a metaphor lies in drawing attention to an unex-
pected dimension of similarity between objects, while overlooking a number of dissimi-
larities (de Villiers & de Villiers, 1979). For example, the de Villiers’ son Nicholas, having
learned to call the hairy family dog by her name Nunu, overextended the word to black
olives the first time he saw them topping a salad. According to his parents, Nicholas’s use
of Nunu for olives may have meant “like Nunu.” In his desire to communicate or draw
the adult’s attention to a new object, the child will use the word in his limited vocabu-
lary that best fits that object, even though he knows it is not quite right.

Do early words lack the symbolic status of true words, i.e., the symbolic autonomy
“which allows them to be drawn into ongoing communicative exchanges but to 
remain relatively independent from a specific event” (Adamson, 1996, p. 168)? Some
words seem very context-bound and consequently are used in the same way as pro-
towords, i.e., only within specific routines or events. Other words, however, are used
across a range of contexts and for different communicative functions. Considering the
ten-word productive vocabulary as a landmark, it is worth noting that these early vocab-
ularies contain at least a few decontextualized words that can function flexibly across 
contexts (Barrett, 1989). So it seems that different representations of word meaning
coexist as complementary forms of knowledge in the one-word stage and that children
rely on both event and categorical representations when they produce words (Dromi,
1987). When a word is learned in a context that enhances categorization, it shows adult-
like standard meaning from the outset; in other cases the child uses the word as a cover
term for the whole unanalyzed situation while relying on the schematic representation 
of that situation.

Some authors point to a moment within the one-word stage when children seem to
discover that things have names and that there is an arbitrary relationship between names
and their referents. This naming insight (Dore, 1985; McShane, 1980) reflects the child’s
new conceptual grasp of naming. Whereas early words tend to be acquired very slowly
(about one to three words a month), the naming insight signals a marked increase in
vocabulary growth and children suddenly produce a large number of new words.

The Vocabulary Spurt

After the naming insight, at around 18 months, a child’s vocabulary explodes, expand-
ing at a rate of more than five words a week. This “naming explosion” or “vocabulary
spurt” is a quite specific phenomenon. First, the increase in vocabulary consists mostly
of object names (Goldfield & Reznick, 1990). Second, children show a near obsession
with naming in this period (Gopnik & Meltzoff, 1997).

For example, children may repeatedly produce an expression such as “What-da?” to
request names for objects and may also point to every object they see, asking for a name
or giving it a name. The increased capacity to learn new names seems to reflect a new
insight; children understand not only that things can be labeled, but also that there is a
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word for every object kind. The child uses also a kind of “mutual exclusivity” principle
(Carey, 1978; Mervis & Bertrand, 1994) which allows him or her to map a novel word
to a category for which he or she does not yet have a name. Given a familiar named object
(a hammer), an unfamiliar object (a wrench), and a new unfamiliar name (wrench), the
child immediately realizes that this name refers to the new object category and learns the
new name.

The naming spurt is a striking linguistic phenomenon interestingly related to new con-
ceptual insights in the cognitive domain. Gopnik and Meltzoff (1987, 1992) have found
that children develop a naming spurt within a few weeks of the time they demonstrate
“exhaustive sorting” abilities (i.e., sorting objects so that all objects of one kind are in one
location and all objects of another kind are in another location). The naming spurt has
also been associated with “fast-mapping” abilities (Mervis & Bertrand, 1994) and with
the development of “specific constructions” (i.e., placing objects in order to use their par-
ticular properties in relation to one another, such as feeding a doll with a spoon; Bloom,
Lifter, & Broughton, 1985).

In sum, when children at about 18–19 months of age learn new names, they not only
associate the word with some well-known object property, but they assume instead that
every kind of object or event will have a distinctive name and that this name will apply
to other instances as well.

The typical 18-month-old understands far more of the speech she hears than her one-
word utterances would lead one to expect. It is well known that comprehension of words
and utterances precedes the spontaneous use of them. This happens also because in com-
prehension the child has available more information than the speech alone. The child
may use her knowledge of events and objects being mentioned, which usually are not
only familiar to her but also present in the context of the verbal exchange.

Early Word Combinations

At 20 months of age children have, on average, 150 different words in their productive
vocabulary (see Bates et al., 1988; Camaioni, Caselli, Longobardi, & Volterra, 1991;
Camaioni, Caselli, Volterra, & Luchenti, 1992). By 24 months they are expected to
produce about 300 words. In spite of their rapidly expanding vocabularies, in the single-
word period children utter only one word at a time (Bloom, 1973).

It has been shown that a single word often conveys a sentence’s meaning (“holophrase”)
and therefore the semantics expressed by single-word utterances might be quite complex
(see Greenfield & Smith, 1976). However, a major question in child language research
has been why it takes children so long to be capable of producing two words within one
utterance, an argument frequently used to support the hypothesis that syntax and seman-
tics have independent developmental courses.

The emergence of first-word combinations at about 20 months of age becomes less
mysterious when we consider that this major accomplishment is reached through a series
of gradual and more manageable steps. The various transitional forms identified so far
characterize what Dore and colleagues (1976) called “something more than one word and
something less than syntax.”
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First, children combine single-word utterances with a gesture, either deictic (e.g., a
point) or representational (e.g., waving bye-bye), thus expressing a complex relationship.
For example, a child might point to a book and say mommy, meaning “this is mommy’s
book.” Second, children start to produce so-called “vertical constructions” or “successive
single-word utterances,” i.e., two words that are semantically related but uttered in dif-
ferent turns (e.g., Cup. Hot; Scollon, 1976).

Third, children produce two successive words with an interword pause but a single
intonation contour in the period just before they begin to use multiword utterances
(Branigan, 1979). Fourth, children may add an invented sound or “dummy form” (e.g.,
wida) to their single-word utterances, as if to reserve a place for a word they do not possess
yet (Dore et al., 1976). In this way they learn and exercise how to string two words
together without being concerned with meaning. Finally, children often produce sen-
tences borrowed entirely from the speech of others without being composed or analyzed
that have been called “formulas” or “amalgamas” (Hickey, 1993; Pine & Lieven, 1993).
Examples of these rote-learned phrases are what’s that, what’s this, howdoyoudo, and mat-
teroffact, a very unusual formula produced by a linguist’s young son!

In light of all these observations, the emergence of word combinations “is no longer
a mountain to be scaled, but a slope which the child can roll down gently” (Snow &
Gilbreath, 1983, p. 285).

When children start to combine words in sentences, usually between 18 months and
2 years, they relate words to other words according to the rules they select from the lin-
guistic input. Children learning different languages seem to express the same range of
meanings in their first sentences; particularly frequent are relationships of possession (My
teddy), location (Car garage), nonexistence (No more soup), and recurrence (Tickle again).
Also, they talk a lot about actions (Me fall, Car go) and less frequently about experiences
(See that, Listen clock) and states (Daddy happy).

In attempting to learn the regularities of their mother tongue, children use a variety
of strategies that make easier the task of acquiring syntax. Slobin (1973) has suggested
several of these strategies, such as “pay attention to the ends of words” or “avoid excep-
tions.” This last strategy may account for the overgeneralization of some forms, such as
the plural -s and the past tense -ed. For example, children acquiring English typically
replace irregular past tenses like broke (for break) by an overgeneralization of the regular
-ed ending, breaked. Adam (one of the three children intensively studied by Roger Brown)
produced errors such as holded, falled, foots, and sheeps.

On the other hand, if children use the strategy “pay attention to the ends of words,”
they should learn suffixes before prefixes and, in fact, this is the case. In an experimental
study (Kuczaj, 1979), preschool children were taught novel suffixes and prefixes. For
example, some of them heard “the boy drove the ip-car,” while others heard “the boy
drove the car-ip.” They were more likely to learn the suffix form than the prefix form;
also, children were more likely to imitate sentences correctly when ip was a suffix than
when it was a prefix.

Another common strategy we find in early grammar is that general rules are typically
learned before rules for special cases. So many children in a certain stage interpret any
noun–verb–noun sequence as expressing agent–action–object relationships. This is 
appropriate for the simple active sentences that the child frequently hears, whereas for
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the more rare passive sentences just the opposite interpretation is correct; the object comes
first and the agent is last. As a consequence, young children easily misunderstand passive
sentences whose meaning may not be derived from context, which is also the case for the
so-called reversible passive sentences in which both events are equally likely. These 
sentences contain, in fact, no clues to meaning other than the order of words and the
presence of by.

For example, even young children easily understand “The candy is eaten by the girl,”
since there is only one plausible interpretation of this sentence. However, on hearing “The
cow is kicked by the horse,” a 3-year-old treats the sentence as if it means “The cow
kicked the horse,” therefore assuming that the first noun is the agent, which is true for
the more common active sentences. In testing one girl, de Villiers and de Villiers (1979)
presented her with the passive sentence “The truck is bumped by the car” and she took
the truck and bumped the car. When they told her “Now make the truck bump the car,”
she said “Again?” with a withering glance at them.

Early References to Internal States

When do children begin to label states of perception (e.g., see, hear, smell, cold, hot), 
physiology (e.g., hungry, thirsty, sleep, tired), emotion (e.g., happy, sad, mad, smile, cry),
volition/desire (e.g., want, wish, need), and cognition (e.g., know, think, remember, forget,
pretend, dream) explicitly? We know that during the first two years of life infants come
to recognize that others are persons who perceive, feel, intend, and know in much the
same way as the infants themselves. This discovery makes it possible to use language in
order (1) to refer to self and other by personal names as well as to master personal pro-
nouns; (2) to verbally express internal states imputed to self and other.

In a seminal study, Bretherton, McNew, and Beeghly-Smith (1981) have shown that
internal-state language emerges late in the second year of life and burgeons in the third.
Mothers of thirty 20-month-old children were asked to report child utterances contain-
ing six categories of internal-state words: perception, physiology, affect, volition/ability,
cognition, and moral judgment/obligation. Words referring to perception, volition, and 
physiological states were more common in the vocabulary of these children than words
referring to affect and moral obligation. Cognition words were least common. Interest-
ingly, use of each of these terms applied to the self was more common than the use of
these terms applied to the other. At 13 months of age, most of the children had begun
to produce the labels Mommy or Daddy, whereas only 10 percent of them could say a
version of their own name on request or in response to seeing their image in a mirror.
By 20 months, 60 percent of the children could say their names and 75 percent had mas-
tered at least one first-person pronoun.

In a case study, Shatz, Wellman, and Silber (1983) analyzed the frequency and func-
tion of verbs of mental reference in the speech of one child from 2 to 4 years of age, as
well as in 30 two-year-olds over a six-month period. First attempts at mental reference
begin to appear in some children’s speech in the second half of the third year. Know and
think were the most frequent verbs, comprising 48 percent and 27 percent, respectively,
of all mental verbs used. Other verbs appeared only sporadically (e.g., figure, understand ),
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whereas others appeared rarely at first and then more consistently (e.g., bet, dream).
However, the earliest uses of mental reference are for conversational functions rather than
for mental reference and may involve rote-learned expressions (such as “Know what?” or
“I don’t know!”).

The most comprehensive account so far is a longitudinal study of the spontaneous
conversation of ten English-speaking children from 2 to 5 years of age (Bartsch &
Wellman, 1995). The authors found that genuine psychological reference to desires via
the verb “want” is well established before the second birthday, whereas reference to beliefs
via the verbs “think” and “know” begins much later, just before the third birthday. Talk
about thoughts and beliefs becomes as frequent as talk about desires only around the fifth
birthday. This result could be interpreted as corroborating Wellman’s (1991) hypothesis
that young children understand desires more easily than beliefs and consequently they
start as desire psychologists rather than belief-desire psychologists.

A different explanation for the lag between desire and belief talk is offered by Paul
Harris (1996). Initially young children conceive of other people primarily as “agents with
goals” (i.e., agents who act to satisfy their desires and wishes), but around 3 years of age
they start to construe people as “epistemic subjects,” capable of exchanging information
for the formation and updating of beliefs. Hence they shift from a desire psychology to
a belief-desire psychology. In this shift conversation plays a central role; the child’s par-
ticipation in the exchange of information through conversation is a critical precondition
for understanding beliefs but not desires.

Harris’s account considers language as an appropriate medium for accurately assessing
mental-state understanding, in contrast to the idea that early psychological understand-
ing may be misconstrued – either overestimated or underestimated – because of the child’s
linguistic immaturity (see Shatz et al., 1983). Harris’s view also proposes that language is
the medium through which the child learns more directly about the content of other
people’s thoughts, beliefs, and intentions, the congruence of these thoughts/beliefs and
intentions with his or her own, and their congruence with reality.

In a study based on naturalistic speech samples from 21 Italian-speaking children, we
investigated not only which internal-state references children used at 20 months of age,
but also how these references are used and what they may tell us about children’s early
psychological understanding (Camaioni & Longobardi, 1997). First, instances of genuine
psychological reference were distinguished from other uses, such as conversational uses,
idioms, or requests (e.g., “Know what?,” or “Want!” simply to request a toy). Conversa-
tional uses were clearly derived from the semantic properties of the verbs in question, yet
they were not intended to make specific reference to the listener’s or speaker’s internal
state. Second, we asked whether children were able to use the internal-state terms to refer
to nonpresent experiences (past, future, and hypothetical situations, refusals and denials),
and whether the internal vocabulary was applied to self and other rather than used only
for self or other.

Use of an internal-state word for only self (56 percent) was almost as frequent as use
for only other persons (44 percent); even more important, 52 percent of the sample (11
children) were able to impute the same term to both self and other, showing a decon-
textualized and flexible use of a psychological reference. Almost all internal-state words
referred to present experiences, but they were produced in real as well as in pretend sit-
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uations (e.g., pretend play, story telling, talking about past or future experience). Finally,
the great majority of all references were produced as comments, whereas only 14 percent
on average were expressed in a request format. This finding confirms that, even at this
early age, we are really evaluating genuine psychological reference. In conclusion, the type
of psychological reference and how it is used in spontaneous speech could be interpreted
as an indicator of the child’s explicit understanding of his or her own and others’ mind,
i.e., as a first step in the construction of a “theory of mind.” In the next section, indi-
vidual differences in patterns of language acquisition are discussed.

Individual Differences in Language Acquisition

Some children may be “bold” or “rash” learners in language speaking; they start at a very
early age and generalize quickly, thus making initially more errors than those who go
slowly and cautiously until they are sure of what they are saying. There is no single route
for all children to follow, but rather a range of possible routes. So it is important to look
both at what children do in common as they acquire their mother tongue and at what
they do differently.

Historically, individual differences in learning language have been considered mainly
with respect to sex, speed of acquisition, and variation in vocabulary size (for a review,
see Horgan, 1981; Macaulay, 1978). It was widely accepted that children vary dramati-
cally in the age of onset of speech and that girls and firstborns are linguistically more
advanced than boys and laterborns, respectively. Some of these findings were not con-
firmed later on. The systematic study by Bates and colleagues (1988) on a sample of 27
children found no effects of IQ, sex, or birth order on rate of language development.
Interindividual variation in vocabulary size, especially in the early stages of acquisition,
is, however, very well documented in the literature and applies to children learning a
variety of languages (see Table 15.1).

During the 1970s a new approach concerned with individual differences of a more
qualitative kind identified two general strategies or styles in learning language, called 
referential vs. expressive by Nelson (1973). A similar pattern of individual differences was
discovered by Bloom, who called it nominal vs. pronominal (Bloom, Lightbown, & Hood,
1975). Nelson found that the majority of the 18 children she studied were referential.
They filled their 50-word vocabularies with names for objects. On the other hand, a
minority of children were more expressive. They produced a low proportion of nouns
together with a considerable number of social-interactional words (e.g., bye, thank you)
and multiword formulas (stop it, don’t want it). Bloom and her colleagues examined four
English-speaking children and found that two of them produced a telegraphic speech,
with minimal use of grammatical function words. They also avoided first- and second-
person pronouns, referring to themselves and to the listener by name, leading Bloom to
characterize their approach to acquiring language and grammar as nominal. The other
two children used pronouns from the beginning of multiword speech, together with a
variety of function words and inflections, so that their approach could be characterized
as a pronominal style.
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Children with a referential-nominal style show a predominance of common nouns 
in their early vocabularies and a rapid vocabulary growth; they tend to speak slowly 
and with good articulation, and to be relatively fast language learners. The expressive-
pronominal style, on the other hand, includes a predominance of pronouns rather than
nouns, slower vocabulary growth, a tendency to employ formulas in constructions, poor
articulation, and slower language development (Bates et al., 1988; Bloom et al., 1975;
Dore, 1974; Lieven, 1978; Nelson, 1973; Peters, 1977). However, as Pine and Lieven
(1990) have suggested, the possibility of a confound between developmental variance and
measures of style poses a serious challenge to these findings. When vocabulary levels are
controlled, the often-cited association between referential style and linguistic precocity or
faster rates of development disappears (Bates et al., 1994). Although relatively advanced
referential learners do exist, so do relatively advanced expressive learners; in sum, the
expressive style is not necessarily poor or “bad” for children.

It is important to note that the referential–expressive dimension is not a dichotomy
but rather a continuum along which children may vary, with most of them showing 
a rather balanced distribution of referential and expressive items, and only a few 
children exhibiting a clear preference, which could be defined as a distinct style. 
Whereas in Nelson’s original study ten out of 18 children evidenced a clear predomi-
nance of nominals in their lexicon and were therefore coded as referential, more recent
studies (Goldfield, 1987; Hampson & Nelson, 1993) based on samples of compa-
rable size found fewer referential children than had been expected. Five out of 12 
children in Goldfield’s study fit the criterion of 50 percent or more nominals for a 
referential style, while six out of 45 children (only 13.3 percent of the sample) in
Hampson and Nelson’s study were categorized as referential. In a study that examined 
15 Italian-speaking children with vocabularies ranging from 30 to 100 word-types 
(mean: 51 words), only one child was categorized as referential and one as expressive
(Camaioni & Longobardi, 1995). Therefore the great majority of these children are
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Table 15.1 Variation in vocabulary size at 20 months in children acquiring different languages

Sample Language Socioeconomic Sex Mean Range Total
status vocabulary vocabulary

LARGE-SCALE STUDIES
Bates et al. 27 English middle 13 F 14 M 142 1–404

(1988)
Camaioni et al. 50 Italian middle 25 F 25 M 147 5–628

(1992)
Dale et al. 161 English middle-low 81 F 80 M 168 22–415

(1989)

SINGLE-CASE STUDIES
Dromi (1987) 1 Hebrew middle-upper F 337
Gillis (1987) 1 Dutch middle-upper M 451
Mervis (1987) 1 English middle-upper F 600



acquiring language with a relative balance of referential and expressive items in their 
early vocabulary.

On the basis of these findings, the appropriateness of categorizing an infant as either
referential or expressive seems quite doubtful. Peters (1977), among others, noted that
individual children can vary their strategy along the referential–expressive continuum as
a function of the particular context of communication. A nice example of this is given
by the acquisition of English as first language and Italian as second language by Elizabeth
Bates’s daughter Julia. Julia was a highly referential learner in her acquisition of English,
but when learning Italian in the context of large family lunchtimes she had a more expres-
sive approach. Based on this example and other data, it is reasonable to conclude that
style categories “may not be characteristic of individual children at all but of the same
children at different times and in different contexts” (Nelson, 1981, p. 176).

Such a conclusion urged researchers to search for factors that influence children to
concentrate on one dimension of language over another. Both internal and external factors
have been proposed. Internal or child-based factors include differential maturation of 
the brain, birth order, and different cognitive styles. External or contextual factors are
concerned primarily with the style and content of parental speech to language-learning
infants, an issue that will be addressed in the following section.

Maternal Speech and Child Language Acquisition

Several studies have analyzed mothers’ speech to their children in terms of its effects on
individual differences in language acquisition rate (e.g., vocabulary growth) and style (e.g.,
referential vs. expressive style). Della Corte, Benedict, and Klein (1983) found that
mothers’ directives (normally imperatives, e.g., “Sing a song!” or “Turn it!”) in address-
ing their children were negatively associated with early lexical development. They also
noted that mothers of referential children talked more during caretaking activities and
used more descriptions, compared to mothers of expressive children. These latter talked
much less during caretaking activities and used more directives. In the same line of
research, Jones and Adamson (1987) have documented that speech used to regulate social
interaction by the mothers is negatively related to the child’s lexical growth, whereas the
use of utterances that focus on language itself by mothers is positively related. Examples
of this so-called metalingual speech are “say ‘hello’!” or “Can you say ‘flower’?”

McDonald and Pien (1982) characterized the mothers of children in their third year
of life as either attempting to control their children’s actions or to elicit their conversa-
tional participation. Tomasello and colleagues (Tomasello & Farrar, 1986; Tomasello &
Todd, 1983) investigated attention-regulation strategies adopted by mothers, establishing
that there is a positive association between child’s vocabulary size and the amount of time
mother and child spent attending to the same object/event. In particular, maternal object
references following into child attentional focus facilitate lexical development, whereas
their object references while directing or redirecting child attention do not.

Another line of research analyzed maternal utterances to children learning to talk in
order to throw into relief peculiar features than can facilitate language acquisition. For
example, expansions of the child’s previous speech supplied by the mother positively affect
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both vocabulary (cf. Cross, 1978) and syntax (cf. Nelson, Carskaddon, & Bonvillian,
1973). The following are some examples of expansions: Child: “Boy dog,” Mother: “Yes,
that’s the boy’s dog”; Child: “That Clancy brush,” Mother: “That is Clancy’s brush. Do
you want to brush him?” These examples show that the adult not only repeats, in whole
or in part, the child’s previous utterance to provide a valuable kind of feedback, but she
also builds up that utterance by adding syntactic and semantic units.

A suitable nonverbal context associated with the utterance (e.g., accompanying the
word or sentence with a pointing gesture) helps the child to understand the linguistic
message and encourages the acquisition process by speeding it up (Harris, Jones, Brookes,
& Grant, 1986). Examining maternal speech to 13-month-old children, Hampson and
Nelson (1993) pointed out that it is above all the use of descriptions (utterances that refer
to aspects of the communication context, e.g., “That’s a cow” or “See the dog”) and ref-
erential repetitions (e.g., “That’s a dog. That’s a big dog”) that distinguishes the mothers
of linguistically precocious children from those of children with slower language 
development.

In sum, the ways in which mothers use language may affect their infants’ language
acquisition. However, also the child’s own speech influences parental speech (cf. Cross,
1977); accordingly, parents adjust their speech as the child’s linguistic ability changes and
matures. In addition, it is possible that children who are linguistically more advanced
would affect their mother’s speech at Time 1; this could result in a spurious correlation
betwen maternal speech at Time 1 and children’s speech at Time 2 (cf. Messer, 1994). In
general, we may not assume that the effects of maternal speech are similar at all ages and
levels of linguistic development, since children acquire language at widely varying rates
and mothers are sensitive to such a variation.

Besides these methodological issues, a major limitation of all these studies is that they
concern the acquisition of English by children from middle- or upper-class environments
in the United States and in the UK. Such claims have a limited scope, however, unless
they are tested against studies based in cultural settings other than those of Western indus-
trialized societies and for languages other than English (Lieven, 1994). These latter studies
are important since they may document how wide is the range of environments in which
children learn to talk, and whether and how parents from different cultures adjust their
speech to children. For example, in nonindustrialized cultures such as Samoa and Papua
New Guinea, little or no speech is addressed to infants until they themselves start to talk.
This of course presents a challenge to the idea that “child-directed” speech is universal
and therefore necessary to children’s learning language.

In Samoa, during the first 6 months of age infants are not treated as conversational
partners but are usually “spoken to” in songs; adults do not simplify their speech toward
infants, who are considered low-ranking individuals and are expected to adapt to the
needs of high-ranking individuals (Ochs & Schieffelin, 1984). In Papua New Guinea,
Kaluli people still live a traditional life, depending on agriculture for subsistence. In such
a small-scale, nonliterate society, mothers and other caregivers use no “baby-talk” lexicon
with children since they think it is not a good idea to teach children childish forms. In
African rural societies such as Senegal, mothers believe that one should not communi-
cate with an infant as one does with an adult; the child who has not yet learned to walk
and especially to talk is only a “potential” human being. These traditional societies are
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characterized by childrearing practices based on an authoritarian–submissive relationship;
consonant with such views, African mothers use a higher percentage of imperatives when
speaking to their children and control infant state and posture more directly, compared
to French mothers (Rabain-Jamin & Sabeau-Jouannet, 1997).

Considering different subcultures (rural vs. urban) within the same nation (Italy), we
found that Italian mothers talk to their language-acquiring children in very different ways,
reflecting the ideologies of childrearing characteristic of their particular culture
(Camaioni, Longobardi, Venuti, & Bornstein, 1998). Urban mothers adopt the typical
child-centered style, which emphasizes the expansion of utterances and the reformulation
of intentions that originate with the child and which involves a sort of “putting the child
first.” On the other hand, rural mothers do not try so much to treat their children as
conversational partners and make fewer speech adjustments when talking to them, com-
pared to urban mothers.

In general, the use of a “child-centered” speech style – which takes the child’s initia-
tives as a starting point and expands them in a conversation-like exchange – has been
found to characterize parents from academic and middle-class backgrounds in a variety
of cultures, including Japanese, Korean, Italian, and Israeli. In contrast, a more “direc-
tive” speech style is frequently adopted by parents from working-class families in Western
societies as well as by caregivers in rural, economically traditional societies (Hoff-
Ginsberg & Tardif, 1995). In the next section, I will consider a factor that appears to
influence the language-acquisition process, i.e., the specific language children hear as
mother tongue and the sociocultural environment in which child–caregiver exchanges
take place.

Noun vs. Verb Emphasis in Child and Mother Speech

In the child language literature there was until recently a widespread consensus on a 
phenomenon called noun bias; it was assumed that nouns are always learned before verbs
and represent the predominant category in children’s early lexicon.

Several studies, based on either maternal checklists or diaries, have documented how
children acquire more nouns than verbs in their early vocabularies in languages such as
English (Goldfield, 1993), Italian (Caselli et al., 1995), and Hebrew (Dromi, 1987).
According to Gentner (1982), the noun-first predisposition is universal in language learn-
ing and must be explained by underlying perceptual and cognitive factors that predispose
children to learn nouns. Recently, however, evidence has begun to accumulate which chal-
lenges the universality of this noun-bias pattern.

Data from Mandarin (Tardif, 1996) and Korean (Choi & Gopnik, 1995) have indi-
cated that children learning these languages use more verbs or action words than nouns
or object labels in their early spontaneous speech. In a study based on nine Korean-
speaking children, Choi and Gopnik found that the majority of these children have a
period of rapid vocabulary growth that could be best classified as a verbing spurt
rather than a naming spurt. For those children who show both a verb spurt and a noun
spurt, the rapid increase in verbs precedes the rapid increase in nouns. According to 
Tardif, the greater use of verbs by the Mandarin-speaking children she studied is tied
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neither to repetitive uses of a small number of verbs nor to a particular level of vocabu-
lary development.

These data suggest that the predominance of nouns, or verbs, cannot be explained
solely in terms of universal cognitive predispositions toward learning a particular 
vocabulary type and lead to a reexamination of the role of the language spoken in the
child’s community (linguistic input).

In fact, the hypothesis that input factors may be important determinants for the 
presence of a noun bias in children’s early vocabularies in some languages as well as for
its absence in others was partly confirmed. Tardif, Shatz, and Naigles (1997) found that
speech of English-speaking caregivers emphasizes nouns over verbs, whereas that of 
Mandarin-speaking caregivers emphasizes verbs over nouns. Specifically, English adult-
to-child speech tends to emphasize nouns by placing them in utterance-final position and
asking questions about objects, whereas Mandarin tends to emphasize verbs by produc-
ing them more frequently than nouns, and placing verbs in the utterance-final position.

Gopnik and colleagues (1996) compared English and Korean mothers in the same
setting and with the same play materials, encouraging similar activities with their chil-
dren (“book reading” and “toy play”). If differences still emerge, it is reasonable to con-
clude that such differences are not simply cultural differences in the kinds of activities
the mothers engage in spontaneously. The results show how Korean-speaking mothers
consistently emphasize actions and verbs; on the other hand, English-speaking mothers
center their conversation with infants around objects and names. Interestingly, Korean
(like Japanese) is a verb-final language, which has a very rich verb morphology and
depends on verb endings to make a variety of semantic distinctions. In informal conver-
sation, Korean allows massive noun deletion; consequently, parental speech in this lan-
guage often consists of highly inflected verbs with very few nouns.

Examining the child-directed speech produced by 15 Italian middle-class mothers, 
we found that these mothers consistently produced verbs more frequently than nouns,
and placed verbs more frequently than nouns in salient utterance position (Camaioni &
Longobardi, in press). Such emphasis on verbs is consistent with the fact that Italian, 
like Mandarin, is a language in which sentence subjects are often optional and con-
sequently omitted, so putting verbs more likely in salient sentence-initial position.

In conclusion, these differences in linguistic input may be responsible for the children’s
different patterns of language learning, as well as for further variation in their cognitive
development. There is evidence suggesting that both the emergence of a naming explo-
sion and the development of categorization abilities are delayed in Korean-speaking 
children relative to children in a comparable English-speaking sample (Gopnik & Choi,
1995). In contrast, Korean-speaking children are significantly advanced in both problem-
solving abilities and in using words for success and failure when compared to the same-
aged English speakers.

Conclusion

The way in which the field of language acquisition has evolved in the past 20 years has
added substantial knowledge to our understanding of the “miracle” of language and has
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highlighted key issues. Historically, the field of language acquisition may be understood
by segmenting it into separate periods in which new ideas were proposed and considered
worthy for study.

In the first period, Chomsky proposed an exclusively syntactic approach to language
acquisition, but the early ambitious attempts to look for grammatical rules behind 
children’s linguistic productions were mostly unsuccessful. In the second period, several
scholars (e.g., Bloom, Slobin, Schlesinger) incorporated semantics into the study of lan-
guage acquisition, and started to analyze not only the form but also the content of chil-
dren’s earliest utterances. These verbal productions were taken also to reflect considerable
world knowledge; as a consequence, language acquisition was seen as prompted by prior
cognitive development. In the third period, researchers discovered the child as a social
being in a cultural context and theoretical concerns shifted toward pragmatics, or the
functions of language during communication. In the fourth period, some researchers
returned to studying the acquisition of syntax per se, although with a new emphasis on
semantics derived from the second period. Other researchers preferred instead to main-
tain a social-functional approach to language acquisition and they put the child’s envi-
ronment (both linguistic and social) to the forefront in the study of language acquisition.

Having been present during almost all the periods illustrated so far, the author of this
chapter is no longer a naive individual but instead is able to perceive our “naked state”
in the face of the complexities of language acquisition (see Golinkoff & Gordon, 1993).
Syntax, semantics, pragmatics, context, culture, meaning, lexicon, knowledge, cognition,
intersubjectivity are issues introduced in different historical periods which continue to be
considered and studied extensively. Nor do the concerns and ideas of the last period super-
sede earlier concerns. At the same time, explanations of language development that rely
exclusively on either social, cognitive, or innate mechanisms fail to capture the strikingly
rich and multifaceted process of language learning.

In sum, unlike the biblical creation of the world, the creation of the field of language
acquisition is not complete; it has many chapters yet to be written, beside the present
one.

Further Reading

Adamson, L. B. (1996). Communication development during infancy. Boulder, CO: Westview Press.
This book traces children’s developmental path from birth through the third year of life, drawing
together the vast literature on infant’s cognition, emotion, and social relationships as related to
early communication and language. The author reviews four normative phases of communica-
tion between infants’ first moments of interpersonal engagement and their language-filled dia-
logues about objects and events.

De Villiers, P. A., & de Villiers, J. G. (1979). Early language. Cambridge, MA: Harvard Univer-
sity Press. This short and readable book provides an entertaining account of the child’s entrance
into the world of language. According to the de Villiers’ point of view, the key to understand-
ing language acquisition lies in the child’s linguistic inventions and systematic errors.

Gopnik, A., & Meltzoff, A. N. (1997). Words, thoughts and theories. Cambridge, MA: MIT Press.
The authors show how children just beginning to talk are engaged in profound restructurings
of several domains of knowledge. These restructurings influence children’s early semantic devel-
opment and stimulate theory changes similar to those occurring in science. The book defends
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a view of the relation between semantic and cognitive development according to which these
two developments emerge simultaneously and neither type appears to precede the other.

Messer, D. J. (1994). The development of communication. From social interaction to language. 
Chichester: Wiley. The book highlights the importance of social processes in the development
of communication while providing a meeting point for different theoretical perspectives on 
language acquisition. Some chapters consider the development of communciation and language
in children with disabilities.
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Chapter Sixteen

Principles of Emotion and its 
Development in Infancy

David C. Witherington, Joseph J. Campos, 
and Matthew J. Hertenstein

Overview

The field of emotional development has made considerable theoretical and empirical
strides over the last 30 years. From these advances, we lay out some basic principles that
characterize what is known about emotion and its development. Adopting a functional-
ist perspective, we review what emotions are and how they develop, highlighting many
of the factors involved in their development and the processes by which this development
occurs. The chapter is organized around the following five topics: (1) the nature of the
emotion process and the properties that comprise it; (2) the role evolution may play in
emotional development; (3) the developmental processes of differentiation and integra-
tion that organize some aspects of development; (4) the role of cognitive factors in emo-
tional development; and (5) the importance of conceptualizing emotional development
as a multicomponent process.

A Perspective on the Nature of Emotion

False Starts in the Study of Emotion

Select any treatment of emotion and chances are that it begins with an apology. Emotion,
the readings will say, is difficult to define and to dissociate from other mental and behav-
ioral phenomena, including cognition, motivation, and social interaction. Chances are,
too, that the treatment will begin with citation from a dictionary. Typically, such cita-
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tions beg the question of what emotion is (“an affective state of consciousness in which
joy, sorrow, fear, hate, and the like are experienced as distinguished from cognition or
volition”). They in turn rely on criteria not specific to emotion, such as increased 
heartbeat, respiration, muscular tension, and the like – states that are evident in exercise
as well as emotion. Moreover, all too often they characterize emotion as a disruptive and
disorganizing phenomenon.

To the extent that such dictionary definitions capture common usage, and to the extent
that common usage dictates starting points for studying emotion, it is not surprising that
the study of emotion and emotional development has had a fitful and contentious history.
The problem in the study of emotion rests not with the concept of emotion, but with
the conception of emotion implicit in definition by common usage. For us, emotion is
not (or at least, not just) an intrapsychic state of consciousness; it is not something that
can be defined by pointing to physiological, or for that matter, any other reaction; and
it is not (or not necessarily) disruptive and disorganizing.

Emotion is not just a feeling state because it powerfully affects both one’s own behav-
ior and the behavior of others. In fact, we can have emotions without feelings (Lazarus,
1991), our feelings often follow an emotion episode (Frijda, 1986; James, 1892/1963),
and feelings may play no causal role in emotion (Bowlby, 1973; Ryle, 1949). While feel-
ings are a crucial facet of emotion, they are not its core; they are not what determines
everything else about the emotion process.

Emotion is not physiological arousal because any physiological response can be shown
to change in states in which there is no emotion (for example, even in meaningless motoric
activity). After a century of searching, no one has yet convincingly demonstrated the exis-
tence of “autonomic signatures” of emotion – those physiological patterns that are found
in one emotional state but not in another (see Cacioppo, Klein, Berntson, & Hatfield,
1993). Even those reactions that are occasionally reported across a variety of eliciting 
circumstances (e.g., Ekman, 1999a,b) tend to be related to discrete emotions weakly and
inconsistently (Boiten, 1996; Ekman, Levenson, & Friesen, 1983; Levenson, 1992; 
Levenson, Ekman, Heider, & Friesen, 1992; Stemmler, 1989).

Facial or other expressions cannot serve as a criterion for emotion either. Although
most textbooks tout the universality of facial expressions for emotions such as anger, fear,
joy, sadness, surprise, and disgust, such impressive reports come from studies of recogni-
tion of facial expressions, not from studies of production of facial expressions, where the
findings are rarely robust. The facial expressions of infants or adults undergoing emotions
in real-life settings are not strongly related to the states that they are supposed to express;
often, facial expressions are rarely or never seen when they should be. Such is the case for
the facial expression of fear, which is seldom seen in situations that provoke intense fear
states, including fear of heights, of looming objects, and of strangers (Campos, 1985;
Camras et al., 1998; Hiatt, Campos, & Emde, 1979).

Finally, emotions need not disorganize, contrary to many theoreticians’ proposals (e.g.,
Goleman, 1995; Hebb, 1949; Leeper, 1948; Mandler, 1975, 1979). By their very nature,
emotions can be organizing and adaptive. They are designed to help the individual adapt
to problems that emerge in his or her transactions with the world, and they organize both
intrapersonal and social processes. Positive and negative emotions can help overcome
problems, encourage engagement with the world, and structure one’s perceptions and
thoughts. Without properly sharing emotions with a caregiver, and without obtaining
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emotional security from that person, one could never arrive at the favorable and harmo-
nious relationship called “secure attachment” (Sroufe & Waters, 1977). Furthermore,
emotions presumed to be “disruptive,” such as anger and fear, can motivate successful
undertakings by overcoming inhibitions and bringing about successful coping. To define
emotion by reference to presumably disruptive characteristics seems limiting, misleading,
and inaccurate.

An Alternative Conceptualization of Emotion

How does one conceptualize emotion fruitfully? Our attempt will begin with a different
starting point than that of common usage. We will delineate what we believe are the
major features of emotions that differentiate them from the nonemotional, and also
present a set of general criteria for differentiating one emotion from the other. In the
process, we will set a frame for explaining major aspects of emotional development in
infancy. The discussion of what follows draws heavily from prior writings by Campos,
Barrett, Lamb, Goldsmith, and Stenberg (1983), Barrett and Campos (1987), Frijda
(1986), and Lazarus (1991, in press). These writings constitute the basis for what is called
the functionalist approach to emotion.

William James (1892/1963) began his famous chapter on emotion in his textbook,
Principles of Psychology, by stating that emotions end at the periphery of the body and do
not proceed beyond. In so doing, James, who was trying to explain the origin of feeling
states, epitomized the approach to emotion that emphasizes its intrapersonal, intra-
psychic, and self-centered bases. In contrast to James, we believe that emotions reach out
to the social and physical world. We believe that emotions are relational – their origin
results from the impact of events on what the person is trying to do. Emotions come
about neither from the self nor from the environment but from the fusion of external
event and internal intent. Far from ending at the periphery of the body, emotions broad-
cast to the outside world. They communicate (intentionally or otherwise) powerful mes-
sages and consequently regulate the behavior of others. Viewed in this light, emotions are
not intrapsychic but transactional, integrating the real or imagined physical and social
world to the person’s strivings. Emotions are thus intimately tied to adaptation. When
self and world clash, creating problems which require steps to address, negative emotions
such as anger and fear occur. When self and world suddenly coordinate effectively, cre-
ating smooth progress to a goal, positive emotions, such as joy, relief, love, triumph, etc.,
are generated.

A working definition of emotion

In effect, emotions are the processes by which an individual attempts to establish, change, or
maintain his or her relation to the environment on matters of significance to the person. The
attempt can be overt, as when an individual actively engages in transactions with the
world, or covert, as when the person is merely in a state of action readiness for 
dealing with the world (Campos & Barrett, 1984; Frijda, 1986). Emotions are thus not
identified, as they are in dictionary definitions, with any particular feeling, nor with any
individual facial or vocal or other expression, or even with any specific instrumental
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behavior. Emotions can best be identified by seeing the adaptive function that a par-
ticular behavior or set of behaviors appears to serve as the person deals with his or her 
relation to the world. Specific behaviors acquire their emotional meaning only in terms
of the role they play in person–environment transactions. A smile, therefore, can serve
many masters, as Kagan (1971) stated; in context, it can as readily be in the service of
scorn as of joy.

What Makes Our Interaction with the World Emotional?

Emotion and significance

Not all attempts by a person to change his or her relation to the environment are emo-
tional. Perhaps the most unambiguous feature distinguishing emotion from the non-
emotional is personal significance – that is, the value, importance, or relevance of the
transaction for the person. Transactions that have value are emotional; those without value
are not. Put another way, what is potentially damaging or beneficial to oneself is emo-
tional; what is routine is not.

The notion of significance is at the core of contemporary theories of emotion. Usually,
for most of these theories, what makes an event significant, and hence emotional, is the
relevance of the event for the attainment of one’s goals. For Lazarus (1991), the genera-
tion of emotion begins with the issue of whether an event is congruent or incongruent
with one’s goals. As Frijda (1986) suggests, emotions “serve concern satisfaction; they do
so by monitoring the relevance of events and by modulating or instigating action accord-
ingly” (p. 475). Extrapolating from Lazarus and Frijda, we believe that emotions typically
begin the moment that an event is related to one’s goals, change when the goal is attained
or is relinquished once and for all, and end when the significance of the transaction abates.
When viewed in this light, emotions can be brief or enduring; unlike conceptualizations
linking emotion to facial expressions, emotions are not necessarily succinct or micromo-
mentary (as Ekman, 1999b, proposes).

The link between emotion and the goals (motivations, intentions, concerns) of an indi-
vidual is thus an intimate one. However, there are other ways besides goal relevance by
which events become significant. One of these is social signals. Such signals from others
– their smiles, growls, coos, scowls, laughs, stares, sneers, etc. – have an impact on one’s
actions, and give those actions a value previously lacking. Social signals also can change
the existing significance of an event or action, from aversive to engaging, or the reverse.
As such, these signals communicate emotional significance in a process that pervades the
entire life span.

The social signals of others can, under certain circumstances, generate a like emotional
state in the perceiver of those signals, a process called affect contagion (Hatfield,
Cacioppo, & Rapson, 1994). One form of affect contagion is present at birth: the
empathic distress reaction of infants. Newborn infants cry in response to the cries of other
newborns, but not in response to their own cry or to acoustically similar sounds of equal
loudness and duration like white noise (Dondi, Simion, & Caltran, 1999; Martin &
Clark, 1982; Sagi & Hoffman, 1976; Simner, 1971). By 10 weeks, affect contagion
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responses have broadened; at this age, infants may respond to positive emotions with 
positive reactions, to anger signals with anger-like expressions, and to sad displays some-
what more diffusely with mouthing and tonguing, when such signals are jointly conveyed
through face and voice (Haviland & Lelwicka, 1987).

Emotional communication via social signaling may be a necessary component for the
generation of somewhat later-appearing emotions such as shame, guilt, and pride (Barrett
& Campos, 1987). Shame, for instance, requires that the shamed individual detect dis-
appointment, anger, sadness, or otherwise disapproving emotional communication from
a significant other. Pride, too, involves expected praise in the form of exuberant para-
linguistic and gestural communications from another. Guilt requires the perception 
of the emotional signals of sadness, pain, fear, or suffering one’s actions have caused in
another. Whatever cognitive factors are involved in addition, emotional signals seem 
a prerequisite for generating these later-appearing emotions, sometimes called “self-
conscious” emotions (Fischer & Tangney, 1995; M. Lewis, 1993), but which we 
believe are more appropriately called “other-conscious” emotions (after J. S. Watson, 
personal communication, 1999).

How Are Emotions Generated and Manifested?

The significance of one’s transaction with the world assumes different forms depending
on the nature of relation between person and event. Emotions like joy or relief arise from
congruence between a person’s strivings and events, resulting in active attempts to main-
tain such congruence. Emotions like anger and sadness arise when incongruence marks
person–event relations. Both anger and sadness involve frustrating encounters with an
obstacle to goal attainment, but in anger the possibility of overcoming the obstacle – and
hence the incongruence – exists. When goal restoration is deemed unattainable, sadness
ensues.

Some events go beyond simple goal congruence or incongruence. In fear, for example,
the relation of an event to one’s goals involves a particular goal – that of personal secu-
rity; the event is a threat to one’s safety, well-being, or status. In shame, on the other
hand, the event involves the person behaving in the world under the watchful eye of a
significant other and is related to concern that one’s action will elicit rebuke from 
the other (Mead, 1934). In pride, a person not only solves a problem but also obtains
the approval of others; joy at mastery transforms into something quite different by the
meaning and desirability of the praise of others.

Whatever the specific nature of exchange between person and event, it is at the level
of relation between the two that the emotion process resides (Frijda, 1986; Lazarus, 1991).
Preciously few if any events have intrinsic capacity to generate emotion. Even social
signals, which otherwise have such power to create like emotion in the perceiver, can
produce very different effects depending on the context in which the perceiver is embed-
ded. A cheery smile and enthusiastic pickup gesture, for example, can be unpleasant 
to a tired and overstimulated infant (Stern, 1971, 1977). The cry of a peer, potent for
the newborn, rarely promotes empathic distress by 6 months of age (Hay, Nash, & 
Pedersen, 1981). At a minimum events must be considered in the context of a person’s
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goals and strivings to understand the generation of emotion, for the same event can
acquire a different emotional meaning the moment it is linked to a different goal.

The meaning of an event also depends on what a person can do, or thinks he or she
can do, in relation to the event. As we have mentioned, having the means available to
eliminate an obstacle can mean the difference between whether anger or sadness arises in
the context of goal frustration. Thus, understanding the generation of emotion depends
on a simultaneous integration of event, the person’s goals and strivings, and the action
repertoire available to the person for evaluating and regulating his or her relation to the
event. Understanding the generation of emotion, in other words, depends on an assess-
ment of relational meaning, between person and event (e.g., Frijda, 1986; Lazarus, 1991).
The relational meaning of person–event transactions helps explain how the same event
can hold different meaning for a person depending on his or her goals and strivings.

Relational meaning explains how different events can generate the same emotions. As
Barrett (1998) has noted, fear of heights, fear that one’s child is late in coming home,
and fear of losing one’s savings in a stock market crash differ in the physical characteris-
tics of the antecedent event, yet we classify all as fear. We do so because all these
event–person relations involve threat and some form of protective withdrawal. As an
abstract principle, the concept of relational meaning reveals organization in the enormous
variability that characterizes events of emotion generation.

Relational meaning and “action tendencies”

Relational meaning is also necessary to understand the organization of an individual’s
emotional behavior. In recent years, following Frijda (1986), it has become customary to
refer to the “action tendency” of an emotion as the organization of such emotional behav-
iors. Morphologically rather different behaviors constitute manifestations of the same
action tendency. For instance, in fear, there can be avoidance of threat by freezing or by
running away. Indeed, in certain cases, avoidance can involve moving toward a threat
(such as in fear-related attack). In shame, one can circumvent social contact by hiding in
a corner; but one can also accomplish the same end in almost the opposite way – by
directly confronting the potentially shaming person and engaging in social contact
designed to distract that person from observing the offending act. Action tendencies are
thus broad sets of behaviors unified into classes, and differentiated from one another, by
the function that those behaviors serve. Action tendencies do not refer to specific behaviors,
like “fear faces,” or to “autonomic signatures.” Rather, they are abstract and categorical,
deriving their meaning, their common specification, not ostensively, by anything we can
point to, but instead by the results that the behaviors seem aimed to accomplish. The
same behavior can be in the service of many emotions, and different behaviors can serve
the same emotion. It is only by reference to unifying functions that we can understand
the extraordinary flexibility that characterizes emotions and emotional behavior.

Action tendencies are not strictly speaking end-states of a linear process that goes from
affective stimulus to emotional state to emotional response. Rather, action tendencies
enter directly into the evaluation of the generation of emotion itself. Counterintuitive as
it may be, the end of the emotion process enters into its initiation. We do not fear what
we can avoid; we do not get angered at obstacles that we can readily remove; we do not
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show sadness at losses if they are not irrevocable. Our action tendency potential helps
regulate the impact of a stimulus on our strivings and goals. The emotion process is not
a linear one but a complex loop that involves both feedback (the response mitigating the
effect of a stimulus) and feedforward effects (the response creating a future state in which
the stimulus has a different impact).

The specific emotional behavior that comprises action tendencies takes two forms.
Note that both kinds of behavior are relational – serving to create, maintain, or change
the relation of the person to the environment. Both are intrinsically functional. One kind
of behavior is called by common usage “expressive.” “Expressions” are designed to change
the relation of the person to the environment, but not by affecting the environment
directly. Rather, they do so by recruiting the intervention of another, such as by social
signaling. Examples of expressions are smiles, scowls, frowns, and sneers in the facial
realm; screams, groans, and squeals in the vocal domain; and cringing, cowering, snug-
gling, and puffing up in the gestural domain. None of these reactions will make a fright-
ening encounter go away, or a frustrating one become less so. The relational impact of
expressions is largely tied in with their potential to affect others. The smile may com-
municate to someone else “keep up what you are doing”; the cry can command “change
my situation”; a grimace may imply “I am about to attack”; weeping may suggest “come
provide succorance.” Viewed in this way, the term “expressive” is not apt. The impor-
tance of expressive behaviors comes about not so much from their serving as readouts of
internal states, as means of telling another what one’s “feelings” are (Planalp, 1999), but
from influencing how the other behaves, and forecasting what the “expressing” person
will do next. Although we will continue to use the term “expression” because so much
research uses that term, we much prefer avoiding the term, and using the more apt des-
ignation “social signal.”

The second kind of emotional behavior is called “instrumental.” In contrast to expres-
sions, these actions affect the world directly. Instrumental behaviors are designed to
remove us from a threat (e.g., by running away or freezing). They allow us to displace or
eliminate obstacles (e.g., by attack or effortfully pushing the obstacle aside). And they
help us avoid social contact when we have engaged in a disapproving act (e.g., by leaving
the field, by avoiding social communication with the disapproving other, or by distract-
ing the other from our transgression).

Emotion regulation

Heretofore, we have emphasized the role that emotions play in regulating the relation
between the person and the environment. However, emotions are also regulated. That is,
a given emotion is often attenuated, accentuated, or transformed into a completely 
different emotion (although the latter probably occurs only after the period of 
infancy). Research that deals with emotions as regulated falls under the rubric of emotion
regulation.

Emotion regulation operates at several levels in the emotion process. Campos,
Mumme, Kermoian, and Campos (1994) analyzed the various mechanisms of such 
regulation in terms of three processes: (1) the control of perceptual input; (2) changing 
the meaning of the person–environment relation; and (3) inhibiting or amplifying
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responses. An example of control over perceptual input is “niche-picking” – the selec-
tion of environments in which a problem is not likely to arise. Infants show such 
tendencies when they avoid social contact with others, when they retreat in private 
after an unannounced bowel movement, and when they show “avoidant-attachment”
behavior to a caregiver whose interactions with the child have been insensitive. In con-
trast to the first process, little, if any, empirical evidence exists to indicate that infants are
capable of changing the meaning of the person–environment relation. It is probably not
until the preschool years that a child has the capacity to regulate his or her emotions using
this process. Finally, infants develop the ability to inhibit and amplify their emotional
displays. We see the latter when infants, for instance, cry louder than is typical to gain
the attention of their caregiver in another distant room and smile broadly at important
people in their environment. We see the former when infants inhibit their crying 
behavior to gain succor from mothers who are unlikely to pick up their infants during
crying episodes.

Evolutionary Processes in Emotional Development

As we have discussed, emotions are processes that typically arise when an individual faces
a problem, with the nature of the problem determining the quality of the emotion. Emo-
tions are thus inseparable from attempts at adaptation; they are designed to help the
person create a better fit with his or her environment. The term adaptation has two mean-
ings. One refers to successful dealings with the environment in the here-and-now and is
the cornerstone of the “functionalist” theory of emotions (Barrett & Campos, 1987;
Campos & Barrett, 1984; Frijda, 1986; Lazarus, 1991). The second meaning refers to
evolutionary value, to the fit of an individual in the past history of the species with the
so-called “environment of evolutionary adaptedness,” and is foundational to the “evolu-
tionary psychology” of emotions (Cosmides & Toobey, 2000). Our approach in this
chapter is a functionalist, not an evolutionary, one. We emphasize ontogeny, not phy-
logeny. Nevertheless, evolutionary factors may serve as primitives or starting points for
an explanation of emotional development. So, a functionalist theory of emotion must
make some educated guesses about the contribution of evolution in the human infant’s
emotional makeup.

It is very difficult to infer the operation of evolutionary factors in emotion (Haig &
Durrant, 2000; Ketelaar & Ellis, 2000). In general, we can infer an evolutionary role in
emotion when as many as possible of the following criteria are met: (1) universality of
manifestation across cultures; (2) presence very early in ontogeny; (3) presence later in
ontogeny in the absence of experience (e.g., the smile in blind infants); (4) evidence for
underlying brain organization and circuitry that make possible a phenomenon when such
brain circuits do not depend upon experience for their organization; and (5) apparent
adaptive value in the sense that appropriate responding to certain situations results in the
person surviving to pass along his or her genes. Using some of these criteria as a guide,
and operating under the assumption that human evolution has been made possible largely
by the development of flexibility rather than rigidity of responding, we will describe a
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number of ways in which we believe that evolutionary processes could play a role in
explaining emotional development.

When we look at humans in their environments, certain relational commonalities
emerge that universally capture emotional functioning. As we noted in the introduction,
each emotion is marked by an abstract relational meaning structure: when we encounter
an obstacle to our goals and have no means of overcoming the obstacle, sadness results,
but when events match our goals, then we experience happiness. Such abstract patterns
appear to be evident in all cultures (Kitayama & Markus, 1994; Mesquita & Frijda, 1992;
Wallbott & Scherer, 1988), and such universality suggests the potential for an evolu-
tionary origin to these patterns. The potential role of evolution in these patterns, however,
does not likely extend to specific event–emotion linkages. For example, in some cultures
eating insects is considered a delicacy; in others, it is repulsive. Although what is repul-
sive differs across cultures, disgust is nonetheless universal, so long as the event–person
relation involves an appreciation of contamination and a rejection of oral incorporation
(Rozin & Fallon, 1987).

Universality thus characterizes emotions at an abstract level of person–event transac-
tion. However, specific events, actions, goals, and evaluations involved in the emotion
process are flexible and intimately linked to culture and ontogenetic experience rather
than to evolutionary factors per se. In this respect, the role of evolution in emotion is
analogous to the role of evolution in language. No one will question that language has
evolved and is adaptive. Yet no one will say that we have evolved to speak French, English,
or Swahili. The words used for environmental referents and the specific pronunciation of
those words are simply too different across cultures, and too malleable across historical
time, to have evolved. Thus, we are evolutionarily capable of fear, and such fear emerges
when we perceive threat; but there are not necessarily any specific events that constitute
threat across all cultures, and there are not necessarily any specific behaviors humans
employ to universally deal with threat.

Nonetheless, there are some specific aspects of the emotion process for which evolu-
tionary factors seem to play a role. In what follows we will review evolutionary influence
at the level of emotional responses, emotional evaluations of stimuli and events, and at
the level of a fundamental process that helps humans early in development to attach spe-
cific emotional meaning to the world: motor mimicry.

Evolution and Emotional Response Patterns

Behavioral flexibility is not limitless. Even if one does not always or generally see an anger
face when someone is expressing anger, it seems very likely that elements of such a facial
display are more likely in a state of anger than elements of a facial display communicat-
ing sadness or joy. Such constraints on response were alluded to by Darwin (1872/1965)
in his principle of serviceable associated habits. This principle states that we show certain
facial movements and not others when in a given emotional state because such move-
ments in the past served very specific adaptive functions. In anger, for instance, the nar-
rowing of the eyes and elevation of the cheek served a protective function of minimizing
the surface of the eye that could be injured in potential combat. The baring of teeth was
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adaptive as a preparation for biting in attack. The fixed stare was adaptive in keeping prey
or adversaries in view for the purpose of monitoring their behavior. Over evolutionary
time, as a function of their likely adaptive value, these responses gradually became readily
shown in states of anger. Similar considerations apply to the serviceable habits in other
emotions as well, including fear, disgust, and joy.

Evolutionary constraints thus may affect the relative place in a response hierarchy
where a particular behavior is found – i.e., how easily the response is shown. What has
evolved may be the constraints on behavior (and these constraints appear not to be very
strong), but possibly not the patterned “emotional behaviors” themselves. We know of
no evidence nor speculation as to why each individual “serviceable associated habit” has
to be elicited in concert with every other such habit to make a patterned “fear face.” Thus,
we propose that evolutionary factors may organize parts of emotional displays, but prob-
ably not wholes.

Evolution and Biological Preparedness for Learning

Since events do not have intrinsic, biologically determined meaning structures of 
their own, we propose that experiential and learning factors must play a role in the 
capacity of a stimulus to generate emotion. However, we do believe that evolution 
can play a critical role in learning. There is now abundant evidence that evolutionary
factors affect learning by influencing how quickly a stimulus is linked to emotion, 
how enduring the learning is, and how strong is the emotion that occurs following 
an encounter between a person and an event. The fact that some emotions can be 
learned more quickly and retained in more enduring fashion to certain stimuli but not
others is called “biological preparedness for learning.” We propose such preparedness as
another way in which evolution plays a role in emotional development. It is a means of
ensuring flexibility of behavior while simultaneously constraining flexibility to some
degree.

In infancy, biological preparedness for learning was demonstrated as long ago as 1930
by C. W. Valentine. He presented his year-old offspring with stimuli that he reported dif-
ferentially were conditioned to the sound of a loud whistle. One stimulus he presented,
for instance, was a caterpillar – a wiggly and furry creature that initially elicited no aver-
sion by the infant. However, as soon as the insect was shown to his daughter and then
followed by a loud whistle, she began to tremble and to move away from it. By contrast,
when Valentine showed the baby a pair of opera glasses followed by the same loud whistle,
the baby startled to the whistle but did not avoid the glasses as she did the caterpillar.
Valentine concluded that, while fear of the specific stimuli was not innate, the reaction
to certain types of stimuli represented a fear “lurking to come out” with the proper ex-
periential provocation.

More recently, and in much better-controlled studies, Cook and Mineka (1990;
Mineka & Cook, 1993) demonstrated how laboratory-reared monkeys who had never
been exposed to a snake or to a flower, and who initially showed no wariness to either
stimulus, quickly learned lasting avoidance responses to the snake but not to the flower.
Like Valentine, Cook and Mineka concluded that organisms are not innately afraid of
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stimuli, but are prepared to learn to be wary of stimuli likely to indicate dangerous prop-
erties in the environment of evolutionary adaptedness.

Lest it seem that biological preparedness for learning is limited to insects and snake-
like stimuli, it should be noted that similar preparedness has been demonstrated for taste
stimuli (when these are associated with subsequent nausea but not shock; Garcia &
Koelling, 1966), for fear and joy faces (when used to signal electric shock, fear faces
produce physiological responses much more resistant to extinction than do joy faces;
Ohman, 1993), and for appetitive responses such as learning to suck for sugary substances
(Lipsitt, 1986). Similarly, Walden and Passaretti (1996) reported that 18-month-old
infants seem prepared to associate maternal messages specifying positive emotion and
security to mechanical stimuli, but not to snake-like stimuli. In sum, preparedness for
learning emotional meanings, although relatively underinvestigated, seems to be a robust
finding. It clearly is a principle with vast implications for understanding emotional devel-
opment and the role of the ecology within which the child is developing.

Evolution and Part–Whole Phenomena

A third way in which evolutionary factors may organize emotion in the infant and young
child is through the close link between relatively simple featural parameters of stimula-
tion and the generation of aspects of emotion. There has been a tendency in early etho-
logical studies to draw too rich an interpretation of what elicits emotional behavior in
animals and infants. The tendency is to attribute to a whole stimulus – to a pattern or
Gestalt – effects that are in fact due to a stimulus feature or element embedded in the
pattern. We propose instead that certain parameters of stimulation – certain stimulus fea-
tures – have the capacity to elicit aspects of emotional response, and that such a capac-
ity is the outcome of evolution. However, we are skeptical that evolution typically leaves
behind sensitivity to more patterned and higher-order variables of stimulation.

Consider this classic study in ethology. Tinbergen (1948, 1951) studied the scurrying
fear-like reactions of goslings when a particular display was presented to them. The display
consisted of a long neck, an oval expansion that looks like the wings of a bird, then a
short extension. The design is such that, if moved in one direction, the leading edge of
the display had the long-necked shape of a goose. If moved in the opposite direction, the
leading edge had the short-necked shape of a hawk. Tinbergen observed that the goslings
scurried when exposed to the overhead movement of the hawk-like shape, and showed
no such behavior when exposed to the overhead movement of the goose-like shape. He
inferred that the hawk-like stimulus fit a biologically adapted template that facilitated
avoidance, and hence survival.

Subsequent studies by several researchers (reviewed in Schneirla, 1965, and Gould,
1982) have confirmed the phenomenon Tinbergen described, but disconfirmed the inter-
pretation. Instead of using the hawk–goose display, Goethe (cited in Schneirla, 1965)
used a dark triangle, the base of which was presented vertically, such that when moved
in one direction, the base of the triangle appeared first, and when moved in the opposite
direction, the apex appeared first. Although this stimulus lacked any fit to an evolution-
arily derived template of a potential predator, the base-appearing-first presentation led to
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scurrying in the goslings studied; but the apex-appearing-first display did not. Schneirla
(1965) proposed that the scurrying-inducing element was the rate of change of stimula-
tion, not the hawk or goose shape of the stimulus. When the rate of change is abrupt 
(as in the short-necked hawk stimulus or the base of the triangle), scurrying occurs. 
When the rate of change is gradual (as in the goose neck or the apex of the triangle),
scurrying is lacking. Schneirla thus concluded that the goslings were sensitive to the rela-
tively simple parameter of rate of change of stimulation, and not to the complex Gestalt
of goose or hawk.

There are many instances of apparently preadapted reactions of human infants to rela-
tively simple features of stimulation. At one time, it was thought that the heartbeat sound
had an innate capacity to soothe infants because of the imprinting of heartbeat sounds
to the infant while the infant was in the womb (Salk, 1962). In point of fact, heartbeat
sounds do soothe infants, but not because they are heartbeat sounds. Brackbill, Adams,
Crowell, and Gray (1966) showed that it was the rhythmicity of stimulation in the heart-
beat sound that soothed, not the quality of the heartbeat itself. As with the hawk–goose
phenomenon, a relation reliably demonstrated across studies has been shown to be the
consequence of a feature embedded within a complex display, not the complex display
itself. Such may also be the case for the empathic distress response of neonates to another
neonate’s cry; neonates may be sensitive to specific acoustic parameters of another’s cry,
but not to the cry as a whole.

At this writing, there is considerable interest in identifying whether the human being’s
reaction to music is innate, or acquired through acculturation and experience (Sloboda,
1986). Music is an excellent example of a complex event with features – especially rise
time, loudness, tempo, and rising and falling acoustic contour patterns – that are likely
to affect the arousal component of emotion. However, whether a complex organization
of notes has the intrinsic capacity to go beyond arousal to elicit discrete emotions like
fear, sadness, joy, etc., in the absence of experience or expectation, remains to be demon-
strated (Meyer, 1957). One of the best studied of the features that can generate arousal
is loudness. When presented with an acoustic stimulus of low intensity (e.g., less than 
75dB), infants characteristically show a heart-rate deceleration and the slowing of bodily
activity characteristic of orienting. When the acoustic stimulus is of high intensity (e.g.,
90dB), the infant shows cardiac acceleration, jerky bodily movement, and other signs of
a defensive response (Hatton, Berg, & Graham, 1970). Although less studied than loud-
ness, intonational contours seem to have a bearing on emotion, with rising contours
arousing, and descending contours soothing, the infant (Fernald, 1992). Studies of
infants’ emotional reactions to music similarly show clear reaction to tempo, loudness,
and pitch; the reactions of infants to more complex aspects of musical composition remain
to be demonstrated (Sullivan, Gentile, & Pick, 1998).

Co-evolution of Reception and Action

The vast majority of researchers, from Darwin (1872/1965) to the present, have focused
the bulk of their theoretical and empirical attention on the role that evolution plays in
organisms’ emotional expressions, especially facial expressions (e.g., Ekman, 1972;
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Tomkins, 1962, 1963; for an exception see Fridlund, 1997). However, if emotions are
relational and if they have signal value for others, then the recipient is indispensable to
the emotion process. Typically, emotional displays are only effective in a social context if
they are perceived and acted upon by another (Fridlund, 1997). From this viewpoint,
evolution must necessarily play a role not only in the production of expressions, but also
in the reception of others’ emotional displays. This issue raises the question of whether
there is a process, or a set of processes, by which the expressive responses of the human
and the perception of those responses when made by others can be unified. We believe
that there is such a process, and propose that motor mimicry, and feedback to the brain
from the motor behavior, is the best candidate for explaining the co-evolution of response
and reception. Two lines of empirical work suggest that phylogeny may contribute to
organisms’ sensitivities to others’ emotional displays and influence subsequent action in
response to such displays. The first line of evidence comes from work on human infants
and the second from rhesus monkeys.

Researchers have demonstrated that infants, in their first days and even first hours 
of life, can imitate certain facial displays such as tongue protrusions and pursed lips 
(e.g., Meltzoff & Moore, 1977, 1983), although not robustly and not always replicably
(Anisfeld, 1991; Anisfeld et al., 2001). Over the first few months of life, imitation
becomes increasingly prominent in the life of the infant (Uzgiris & Hunt, 1975). Many
researchers have interpreted the existence of imitation as a “meeting of the minds” between
modeler and caregiver (e.g., Gopnik & Meltzoff, 1997), such that the infant can feel what
the modeler is feeling (e.g., joy when seeing a smile). From both an evolutionary and a
functionalist perspective on emotions, what is important is not that the infant feels a like
emotion, but that the infant can predict the future behavior of the emoting person 
(Fridlund, 1997). Regardless of which stance one takes on the issue of feeling, some (e.g.,
Hoffman, 2000) have pointed out that motor mimicry and imitation form the basis for
empathy and ultimately prosocial and moral development. Taken from this perspective,
neonatal imitation may be a phylogenetically mediated mechanism and precursor to fore-
casting others’ behaviors that has ready adaptive value for the infant and that enables the
human to be integrated into the social fabric of the group.

The mechanism of imitation has important implications for explaining what other-
wise seems to be a contradiction in the proposal that evolution works by recruiting simple
featural elements, and not complex patterns of perception. An important study has shown
that rhesus monkeys less than 2 months of age respond appropriately to the social signals
of conspecifics even when reared in the absence of social experience. For instance, infant
rhesus monkeys show marked avoidance reactions to the presentation of a staring, immo-
bile face; on the other hand, the same monkeys approach a figure engaging in lipsmack-
ing behavior (Kenney, Mason, & Hill, 1979).

At first scrutiny, this study suggests that infant rhesus monkeys show innate reactions
to complex social signals, with obvious evolutionary adaptive value by permitting the
monkey to react appropriately to other monkeys almost from the beginning of life.
However, we think that the evolutionarily based tendency toward motor mimicry may
account for these findings, if a staring figure creates through response matching a momen-
tary state of immobility and this immobility feeds information to the brain that is as-
similated into representations of prior aggressive actions by the perceiver. Such feed-
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back, then, would generate a “meaning” to the perception of a stare and lead to the as-
sumption of avoidance responses. Similarly, perception of lipsmacking may result in
reproduction in some way of lipsmacks by the perceiver monkey. If the feedback to the
brain from such imitative lipsmacks is assimilated to actions such as feeding, the
“meaning” of the lipsmack would then be positive and result in approach behaviors.

Motor mimicry is a fundamental axiom of behavior, evident in the human and non-
human primate in very early life without social learning. Such mimicry is an important
building block for generating complex emotional meanings, such as those so critically
provided to conspecifics by social signals.

Differentiation and Integration Processes 
in Emotional Development

Evolution both prepares the infant for various organism–environment transactions that
result in emotions and establishes very general constraints on the manifestation of emo-
tions. However, evolutionary factors offer relatively limited insight into the actual changes
that take place as emotion develops. As a result, the nature and course of emotional 
organization in infancy and beyond is specifically discovered through an examination of
ontogenesis.

Infants’ emotional lives change remarkably over the first 2 years of life. New emotions
appear on the developmental landscape, and existing emotions undergo change in their
own right. In the first few months, for example, the young infant shows neither shame
nor pride, but by the end of the second year, these emotions are an active part of the
infant’s affective repertoire. Newborns do not smile in response to external events. By 
2 months, however, infants not only smile to the outside world but do so especially to
faces and voices of other human beings. Saying “no” to a 20-month-old may provoke a
temper tantrum, but for a 6-month-old the word holds little meaning. When 4-month-
olds are threatened by a looming stimulus, they will turn their heads away or raise their 
arms defensively; despite some reports to the contrary, newborns are not likely to do 
so.

What, then, are the starting points in the ontogenesis of emotion? One very widespread
view, accepted by many cognitive and psychoanalytic theorists, is that the newborn is
capable of manifesting only one emotion – a diffuse state of excitement, perhaps “tinged
with unpleasure” (Bridges, 1932; Spitz, 1965). At about 4 weeks of age, the emotion of
distress, characterized by a more clearly negative expressiveness, differentiates out of excite-
ment. At 6 weeks, the emotion of joy branches off from excitement, characterized by the
social smile directed principally to any face-like stimulus that consists of two adjacent eye-
like dots, and a nodding oval contour. At 4 months, anger differentiates out of distress, at
6 months, disgust springs off from anger, and at 8 months, fear becomes evident. Accord-
ing to Bridges (1932) and others, this differentiation of discrete emotions from an origi-
nally diffuse arousal state constitutes a basic principle of emotional development.

Variants of Bridges’s differentiation view persist to this day. Most recently, Camras
(1992; see also Oster, Hegley, & Nagel, 1992) characterized certain facial and behavioral
expressions of emotion as undifferentiated. Specifically, she reported that infant facial 
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patterns of distress–pain, anger, and sadness – patterns often interpreted as reflecting 
discrete emotional states (e.g., Izard, 1991) – frequently co-occur under a variety of con-
texts designed to elicit only anger, only sadness, or only distress. Given these observa-
tions, Camras argued that anger and sadness expressions in the first year simply reflect
intensity differences in a highly undifferentiated “unhappiness” or distress reaction that
builds up over time in response to aversive events. “Anger” facial expressions thus corre-
spond not to anger as a qualitatively distinct state but to intense distress, just as “sadness”
facial expressions reflect mild distress. Going beyond Bridges, Camras (1992) has pro-
posed that these emotional expressions remain relatively undifferentiated even into the
second year of life.

Although differentiation as a process certainly characterizes many aspects of emotional
development, emotional organization as a whole seems far more articulated than many
differentiation accounts suggest. The work of Weinberg and Tronick (1994), for example,
has revealed a number of distinct positive and negative affect patterns in the repertoire
of 6-month-olds. Infants in their research were studied during an initial face-to-face play
interaction with their mothers, followed by a period in which their mothers looked at
but did not respond to their infants, and a subsequent “reunion” period in which mothers
reestablished dyadic play interaction. Examining patterns of coherence across different
modes of expressive and instrumental actions – such as facial displays, vocalizations, ges-
tures, postural orientation, and gaze behavior – Weinberg and Tronick reported the pres-
ence of four distinct affect configurations, each specific to certain periods of the
interaction context. A “Social Engagement” configuration, specific to the context of initial
play interaction and the reunion, involved infant facial expressions of joy and positive
vocalizations coupled with gazing at the mother and the mouthing of hands or feet.
During the period of maternal unresponsiveness, infants exhibited an “Object Engage-
ment” configuration, involving gazing at and the mouthing of objects, general scanning
activity of the room, and facial expressions of interest. Infants also demonstrated during
this period distinct organizations of “Passive Withdrawal” – involving fussy vocalizations,
sad facial expressions, and indicators of stress such as hiccupping and spitting up – and
“Active Protest” – involving angry expressions, scanning behavior, crying, attempts to
escape, as well as fussy vocalizations and stress indicators – which carried over into the
reunion period of interaction as well.

Each of the configurations Weinberg and Tronick (1994) identified serves a specific
function with respect to the infant’s relation to the world. As their labels suggest, Social
Engagement functions to establish and maintain contact with social others, Object
Engagement focuses the infant on object exploration, Passive Withdrawal serves to dis-
engage or withdraw the infant from interaction, and Active Protest functions to engage
the infant in efforts to eliminate an obstacle.

If we approach the study of younger infants from this functionalist standpoint, we see
evidence not for an undifferentiated state of excitement or distress but for more specific
emotion systems (Sroufe, 1979, 1996). Under conditions of loss of support, the neonate
will typically startle and draw his or her arms around the chest in what functions as a
protective embrace (Peiper, 1963). This pattern of response contrasts sharply with the
head withdrawal, arm-flailing, and pushing behavior we see in neonates whose nostrils
have been inadvertently occluded during breastfeeding; these infants do not clasp in pro-
tective fashion but instead implement actions that function, however crudely, as a defen-
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sive attack on the condition of respiratory occlusion (Gunther, 1961; Lipsitt, 1976). Yet
another functionally distinct pattern of behavior surfaces when neonates encounter bitter-
tasting substances; in this context, the infant retracts his or her lips and often extends his
or her tongue in a facial action that functions to reject or orally discharge the offending
substance (Steiner, 1979). In each of these cases, we see patterns of behavior that, when
considered in relation to specific events, serve distinct functions of protection, obstacle
removal, and rejection. Even the neonate, therefore, has an action repertoire sufficiently
differentiated to deal with distinct forms of aversive stimulation.

Like Sroufe (1979, 1996), we argue for the presence of some distinct, precursor
emotion organizations in the neonatal period, rather than for nothing but undifferenti-
ated arousal. However, this in no way undermines the importance of a process like dif-
ferentiation for the characterization of emotional development. Processes of
differentiation transform aspects of the emotion process, such as facial expressions, instru-
mental actions, and evaluations, from more global, homogeneous organizations to 
specific, increasingly heterogeneous ones, but they do so with respect to distinct, 
protoemotion systems (Sroufe, 1996). An example from Buhler (1930) aptly demon-
strates the differentiation process with respect to the protoanger system evident in the
neonate. Buhler observed that young infants, when having their noses wiped, responded
with undirected, whole-body movement; their arms and legs would move wildly without
necessarily contacting the hand of the individual wiping their noses. Later in develop-
ment, infants increasingly coordinated their arm movements to push aside the hand and
resist having their noses wiped. By 8 months, infants began to prepare for nose wiping
by swiping at the hand before it could reach their noses. Thus, in this example, the rela-
tional meaning of infants’ action in the context of nose wiping – obstacle removal – pro-
vides a continuity in the organization of infant–environment transactions, but the specific
properties of infant action in relation to an obstacle undergo increasing differentiation
with development.

Differentiation is itself part of a larger process. Each differentiation in a system is accom-
panied by an integration or coordination of differentiated material. As differentiation
serves to render systems less homogeneous and diffuse, integration establishes in differen-
tiated systems new, more cohesive and stable organizations. These two processes routinely
complement one another. Thus, the increasing specificity of infants’ action in response to
having their noses wiped constitutes both a differentiation from the more global whole-
body reaction of the young infant and an integration/coordination of more specific action
with specific targets of that action (i.e., the hand wiping the nose). Differentiation and inte-
gration imply one another, and the combined process constitutes a fundamental means of
characterizing much of the change that occurs in emotional development. In the next two
segments, we highlight the differentiation/integration process as it applies to perceptual
processes and action components of infant emotional development.

Perceptual Differentiation/Integration in Early Emotional Development

Recall that emotions do not involve stimuli or “emotion elicitors” at the input end – at
the initiation of the emotional process. We prefer to use the term “engagement” to refer
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to the process whereby person and event are unified into an affectively meaningful unit.
To engage in the world, the individual must have adequate sensory capacities. At birth,
those capacities can be extraordinarily limited, thereby minimizing the likelihood of
engagement and hence emotional responding.

Take the social smile, for instance. The social smile is a response the infant begins to
show between 4 and 6 weeks of age, first to auditory stimuli and then to visual ones
(Wolff, 1987). This event is powerful for parents and bystanders alike to witness, and
devastating when it is manifested abnormally (as with Down’s syndrome infants; see
Emde, Katz, & Thorpe, 1978). What brings about the social smile?

In all likelihood, the social smile, at least when construed in terms of visual engage-
ment, is the result of major perceptual differentiation processes occurring in the infant’s
visual system. Newborns have a strong tendency to scan contours. This tendency is so
strong that when they scan a face, the scan typically does not reach the interior of the
face; rather, it stops at the high-contrast hairline of the face or the edge of the head. At
around 6 weeks of age, the infant, possibly as a result of habituation processes, reduces
the tendency to scan exterior contours and begins to scan the inside of the face, espe-
cially the eyes (Haith, Bergman, & Moore, 1977). We know that the smile can be elicited
“artificially” by a cardboard containing an oval, two dark dots, and a hairline, presented
in nodding fashion to the infant at the age of onset of the social smile (Spitz, 1965). This
display is the event that engages the infant, that is assimilated to the experiences of being
held and fed by the mother, and that brings about the social smile. Any process that 
minimizes the chance of the newborn shifting from scanning exterior contours to 
interior ones will, we predict, slow down the manifestation of the social smile to faces.
Any process that accelerates the shift will similarly accelerate the social smile. (Note the
role of both experience and biological preparedness for learning in this interpretation of
social smiling to faces.)

The process of perceptual differentiation does not end with the onset of social smiling.
As discussed, 2-month-olds begin to scan the internal features of the face but focus pri-
marily on the eyes, especially when they view a talking face (Haith et al., 1977). Conse-
quently, infants at this age may not be as sensitive to emotional information conveyed
through other features of the face, such as the mouth. Between 4 and 5 months, however,
infants expand their scanning of the face to routinely include multiple features, such as
mouth and nose as well as eyes (Caron, Caron, Caldwell, & Weiss, 1973). As infants
begin to process more features of the face, they in turn begin to integrate those features
to establish the prototypical facial Gestalts of emotional expressions that adults readily
recognize (Nelson, 1987). By 7 months, infants distinguish between some facial displays
of positive (e.g., happiness) and negative (e.g., anger) emotions as well as among some
facial displays of the same valence, such as sadness vs. anger or happiness vs. surprise
(Ludemann & Nelson, 1988; Nelson, 1987; Soken & Pick, 1999). Thus, through
processes of differentiation and integration, infants gradually forge sensitivities to many
different social signals conveyed as facial displays.

There are many other instances of perceptual differentiation related to emotion.
Among these is the differentiation of mother from stranger through the use of vision. For
the infant to engage with the mother visually, he or she must be able to see her relatively
clearly, especially from a variety of distances. This process of seeing persons clearly from
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a distance develops remarkably slowly in the first 6 months of life (Banks & Salapatek,
1983; Kellman & Banks, 1998). The vision of the young child is extraordinarily smudgy
and indistinct. Although there may be special orientations and distances under which
infants in the first couple of months can see relatively clearly, and so can tell who is the
mother and who is not, it is likely that such discriminations will be limited and context-
bound. Not until the infant’s visual resolution approaches more adult-like levels, begin-
ning around 6 months (Banks & Salapatek, 1983), will the infant be able to identify the
mother and establish an integrated, coherent scheme of her across a wide variety of situa-
tions. Consequently, the development of the child’s attachment to the mother, especially
either proximity-seeking or signaling to her across large distances (Bowlby, 1969), may
need to await perceptual developments that do not become relatively well developed until
5 months or later. These considerations make it clear that differentiation and integration
processes play an important role in emotional development.

Response Differentiation/Integration in Early Emotional Development

Differentiation/integration processes apply not just to the evaluation side of the emo-
tion process but also to the “response” side. We have already cited evidence from Buhler
(1930) for a progressive differentiation and coordination of instrumental responding to
events of restraint. Work by Stenberg and Campos (1990) on the development of anger-
expressive patterning in 1-, 4-, and 7-month-old infants further underscores the presence
of differentiation/integration processes in emotional development. In their study, 
anger was generated by gently holding the infant’s arms but preventing them from readily
moving, and the infant’s facial and vocal expressions, as well as their instrumental 
behaviors, were recorded. The study yielded three important findings.

First, infants showed intense negativity in emotional reaction at every age tested.
Facially, their reactions became coordinated into an anger-like pattern between 1 and 4
months of age. More specifically, infants’ facial displays showed few components related
to fear, disgust, sadness, or other negative emotions. At 1 month, the components shown
were mostly, though not exclusively, those associated with anger; the infants lowered their
brows and drew them together and they elevated their cheeks. However, they also showed
two facial components that indicated incomplete, partially diffuse organization of facial
movements. In one, they closed their eyes rather than narrowed them (as would be
expected in an anger encounter), displaying a more general distress pattern. In the second,
they stuck their tongues out rather than pulling the corners of the mouth back. Although
they also vocalized negatively, 1-month-olds did not specifically target their expressions
at anything relevant in the environment, looking instead all over the room in a relatively
diffuse manner.

Second, by 4 months, infants’ facial actions were more organized, with the eyes
showing the expectable narrowing (rather than closing), and the oral region the proto-
typical pulled-back appearance. Moreover, the infants directed their facial movements
toward the site of the frustration – the hands of the experimenter holding the infants’
arms – suggesting that the emotional state had a target or an aim. The voice, too, showed
greater coordination with the face. It was as if the facial movements were in the service
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of vocalizing, because in general the vocalizations that were observed followed rather than
preceded the facial patterning.

Third, at 7 months, a major reorganization took place not in the face or the voice,
but in the targeting component of the emotion. The infants directed their expressions
both to the frustrating experimenter as well as to the mother (who was a bystander in the
testing procedure). Indeed, they vocalized only when looking at the person frustrating
their movements, or at their bystander mothers.

There have not been many other studies that complement the picture Stenberg and
Campos (1990) provide for progressive response organization and integration. Never-
theless, there are analogs in the development of the smile in the first few weeks of life.
Infants’ endogenous smiles are low intensity and involve simply turning up the corners
of the mouth (Emde & Koenig, 1969). Infants’ first waking smiles are of a slightly larger
magnitude but still only involve turning up of the mouth corners (Emde, Gaensbauer,
& Harmon, 1976; Wolff, 1987). Both smiling forms are due to the contraction of a single
muscle (Ekman & Oster, 1979). By the end of the third week, however, infants’ smiles
begin to recruit other muscles and increasingly involve a brightening and crinkling of the
eyes in conjunction with the contraction of the mouth corners to produce a full “grin”
(Wolff, 1987).

Infants’ emotional expressions (including facial and vocal, and possibly gestural and
tactile), as well as instrumental behaviors, thus become more differentiated and articu-
lated in the course of development. Ultimately, infants’ increasingly articulated expres-
sive and instrumental responses allow them to better achieve their goals and strivings in
the world. As general processes, differentiation and integration offer a systematic way of
outlining the course of emotional development, both in infancy and later in life. We now
turn to more specific elements of the emotion process that organize its development.

Cognitive Factors in Emotional Development

The study of emotion in the last 30 years has revolved to a large extent around the role
that cognitive factors play in the generation of emotion (Lazarus, 1991). The role of cog-
nition in emotion involves those aspects of emotion generation that are not immediately
available in the stimulus array, in which processes such as memory, expectancy, belief,
schemes, problem solving, and symbol systems structure a person’s attempts to make sense
of the world. Although cognition does not generate emotion by itself, without its linkage
to something that makes it significant, it is nevertheless important to ask, “What role do
cognitive factors play in the generation and development of infant emotion?”

Specific Cognitive Organizations and Emotional Development

Linking stages of sensorimotor intelligence to emotional development

Anyone who has observed infants will notice a major transition in the second half of their
first year. At this time, infants begin to show wariness and distress both in the presence
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of strangers and in the absence of their primary caregivers. These robust phenomena 
are the starting points for many accounts which highlight the role of specific cognitive
advances in the emergence of certain emotions. Some psychoanalytic theorists, for
example, view stranger and separation distress as an outgrowth of the infant’s emergent
ability to mentally represent the mother – a representation that allows infants to notice
discrepancies between mother and strangers and to keep the mother in mind even during
her absence (Decarie, 1965; Spitz, 1965). Tests of this proposal have often relied on
Piaget’s (1954) developmental account of object permanence – the infant’s understand-
ing that people and objects exist independent of the infant’s own perception and action.
Specifically, the emergence of Stage 4 object permanence, in which infants begin to search
for objects that are no longer visually present, occurs around the same time as stranger
and separation distress appear in development. However, no evidence to date supports a
relation between Stage 4 object permanence and either stranger or separation distress
(Campos et al., 1983; Campos & Stenberg, 1981).

More empirically promising is the relation between development in self-awareness (an
index of Stage 6 sensorimotor intelligence) and the emergence of embarrassment (M.
Lewis, 1995). Between 15 and 18 months, infants whose noses have been marked with
rouge demonstrate face and nose touching when they are placed in front of a mirror,
indicative of mirror self-recognition. Prior to 15 months, infants in such a situation inter-
act with the mirror itself but do not act as if they recognize themselves in it (M. Lewis
& Brooks-Gunn, 1979). M. Lewis and his colleagues suggest that the emergence of mirror
self-recognition indexes the acquisition of an objective self-awareness, in which infants
begin to consciously reflect on themselves as individuals with a distinct identity. This acqui-
sition must be in place, according to M. Lewis (1995), for infants to experience embar-
rassment. There is, in fact, a link between the development of objective self-awareness,
indexed by mirror self-recognition, and the subsequent emergence of embarrassment (M.
Lewis, Sullivan, Stanger, & Weiss, 1989).

Although evidence for links between specific sensorimotor intellectual advances and
emotional development remains limited, no one can doubt the importance of cogni-
tive organization in emotion. Clearly an understanding of absence plays a role in the
developmental emergence of separation distress. We must keep in mind, however, the
developmental nature of cognition in infancy. Piaget’s object permanence involves six dis-
tinct stages of organization, each of which reflects the gradual consolidation of an under-
standing that self and other are distinct, integrated entities. Stage 4 object permanence
elaborates on previous stages of object permanence; we cannot, as a result, isolate it as
the point when infants begin to view their mothers as independent, integrated entities.
Self-awareness, similarly, does not emerge fully formed with the arrival of mirror self-
recognition but develops from previous forms.

If cognitive development is gradual and does not emerge fully formed, then it may be
possible to observe less than fully formed manifestations of the emotion at earlier ages
than the normative as well. That is precisely the case with separation distress, stranger
distress, and embarrassment. Many mothers report a period of early stranger distress in
infants between 3 and 6 months – a reaction that is not as strong, as consistent, or as
independent of context as the reaction will be later. Similarly, some observers, such as
Stayton, Ainsworth, and Main (1973), report a spurt in negative reactions to separation
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at 5 months of age, but these reactions are observed principally in the home setting.
Finally, M. Lewis et al. (1989) report that a substantial minority of infants who do not
yet show mirror self-recognition nevertheless react with embarrassment.

Cognition in context: The role of ecological factors in cognition–emotion relations

As we have noted, cognitive factors by themselves are not sufficient to generate emotion.
Like shame, embarrassment involves not simply an objective self-awareness but a sense
of being “under the watchful eye of the other” (Mead, 1934). The child in an embar-
rassing transaction must expect either a negative social signal for what he or she has done,
or the absence of an expected positive signal. Most research on emotional development
does not consider the importance of the child’s embeddedness in a specific ecology that,
when combined with minimal cognitive developments, results in emotion. Similar con-
siderations apply to separation and stranger distress. Separation from the mother is rare
for the Japanese infant; when it occurs, it results in a far more intense reaction in the
Japanese infant than in German infants, whose parents frequently leave them alone
(Grossmann, Grossmann, Huber, & Wartner, 1981; Miyake, Chen, & Campos, 1985).
Sadness, another emotion linked to the development of representation and thought to
“emerge” at 6 months or so (Spitz, 1965), can be observed at much earlier ages if the cir-
cumstances facilitate its manifestation (such as being reared in abusive and neglectful 
situations; Gaensbauer, 1980).

General Cognitive Processes and Emotional Development

Memory and discrepancy from the familiar in the first 6 months

More general cognitive processes such as memory and expectancy have also been impli-
cated in emotional development. One such process involving memory development is the
principle of discrepancy from the familiar (e.g., Hebb, 1946). Such discrepancy from the
familiar is a crucial ingredient for all emotional processes as it signals noteworthy change
in the person’s relation to his or her environment. An infant’s interest and arousal in the
context of a novel event vary systematically with the degree of that event’s discrepancy
from the infant’s past; this fundamental principle holds from the newborn period and
beyond (Friedman, Bruno, & Vietze, 1974; McCall & Kagan, 1967). Repeated presen-
tations of a stimulus (e.g., a vertical arrow) produce a waning of interest in infants – they
habituate to the stimulus – and once familiarity is established, additional presentations
will fail to reinvigorate infant attention. Presentation of a new stimulus (e.g., a diagonal
arrow) will revive infant attention and arousal but only up to a point; with sufficient mag-
nitudes of stimulus discrepancy (e.g., a horizontal arrow following familiarization with a
vertical arrow), infant attention remains low.

The discrepancy principle has been extended beyond arousal to specific valenced emo-
tions as well (Hebb, 1949; McCall & McGhee, 1977). Stimuli or events that moderately
diverge from an infant’s past experience, that require some degree of effort to incorpo-
rate into memory (“effortful assimilation”), but that nonetheless ultimately comply with
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memory, are said to result in positive emotion such as joy (Kagan, 1971). Events that
actively conflict with infant memory – familiar in some respects but discrepant enough
to prove incompatible with past experience – produce negative emotion such as fear,
whereas highly familiar events that readily match memory provoke much less interest and
even boredom from the infant (McCall & McGhee, 1977).

How does the discrepancy principle affect emotional development? In infancy, dis-
crepancy from the familiar follows a two-step developmental sequence. In the infant’s first
6 to 8 months, discrepancy takes the form of basic event recognition. Infants simply assess
an event as matching or not matching their previous experience; in effect, their process-
ing maps onto the question, “Have I encountered this event before or not?” (Schaffer,
1974). Instructive in this regard is work linking discrepancy to smiling via effortful as-
similation. Seven-month-olds, who were habituated to a standard stimulus, smiled most
and cried least when subsequently presented with a stimulus moderately discrepant from
the standard (Hopkins, Zelazo, Jacobson, & Kagan, 1976). In work by Zelazo and Komer
(1971), infants as young as 3 months smiled most midway through a series of repeated
stimulus presentations, presumably at a point between initial unfamiliarity and well-
established familiarity. The emergence of social smiling can thus be explained as evidence
for infants’ initial consolidation of memory for faces in general.

Similarly, the emergence of infant distress to an unresponsive, expressionless mother
supports a discrepancy framework of explanation. Beginning around 3 months, infants
cry and protest when their mothers simulate depression during face-to-face interaction
(Cohn & Tronick, 1983). Around this time, infants begin to demonstrate marked sensi-
tivity to routines and specific contingencies in dyadic interaction, suggesting that between
2 and 4 months infants establish expectations for how primary caretakers should inter-
act with them (Rochat, Querido, & Striano, 1999). Thus, by 3 months of age, a stiff-
faced, unresponsive mother conflicts with most infants’ past experience, thereby
generating negative affect.

Discrepancy from the familiar: The emergence of stranger anxiety

Between 7 and 9 months, infants move beyond mere recognition in memory to rudi-
mentary levels of recall (Meltzoff, 1988; Schaffer, 1974). Infants’ processing of discrep-
ancy consequently assumes a new form and establishes the basis for stranger distress. We
previously reported that infants as young as 3 months show a muted form of stranger dis-
tress; at this time, infants recognize strangers as unfamiliar (Bronson, 1972). Between 7
and 9 months, however, infants no longer rate a stranger as simply unfamiliar but as 
different from their mothers, in effect asking the question “How does this event com-
pare or relate to my other experiences?” (Schaffer, 1974). Kagan (1974) calls this new
process “activation of hypotheses,” in which infants actively scan their memory for the
purpose of relating multiple representations to discrepant events. In general, the transi-
tion in discrepancy processing from recognition of familiarity to active comparison of
events with stored memories reflects a shift from sequential to simultaneous processing.
In the first 6 months, infants process events in isolation of other events and never con-
trast the processing of a current event with other event representations in their memory
store. But after 6 months, simultaneous processing becomes evident, in which infants
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compare/contrast discrepant events with stored representations of similar but different
events (Schaffer, 1974).

Insufficiency of discrepancy in explaining emotional development

Discrepancy processes play a critical role in emotion for infants and adults alike. Mis-
matches between events and our expectations – derived from past experience – render us
attentive, increase our arousal, and prime us for meaningful interaction with the world.
Discrepancy processes, however, are insufficient for explaining either the generation of
specific emotions or emotional development in general. For example, the same event for
the same infant can generate markedly different emotions depending on various contex-
tual factors. Ten-month-olds, when presented with their mothers wearing a mask, invari-
ably smile and frequently laugh when the presentation occurs at home, but show much
less positive affect to the same event conducted in the lab; similarly, a stranger’s approach
elicits greater heart-rate acceleration in the lab than in the infant’s home (Sroufe, Waters,
& Matas, 1974). These results and others like them suggest that the specific quality of
an infant’s emotion depends on much more than an event and its discrepancy from past
experience. Discrepancy affects emotional arousal levels and consequently the intensity
of emotional responses and experience, but something more is needed to account for spe-
cific, valenced emotions such as fear and joy (M. Lewis & Goldberg, 1969; Sroufe, Waters,
& Matas, 1974; Stechler & Carpenter, 1967).

What is needed, in fact, is a way to turn “cold” cognitive processes – like discrepancy
– and structures – like object permanence and objective self-awareness – into “hot” cog-
nitions, cognitions that evaluate events and as a result render events significant and
emotion-relevant (Campos & Barrett, 1984; Sroufe, 1996). One such candidate is the
process of appraisal, to which we now turn.

Appraisal Processes and Emotional Development

Sroufe’s emphasis on the context of events in generating emotion underscores the need
to embed general cognitive processes such as discrepancy from the familiar in a larger
organizational framework. With the notion of appraisal, researchers have specifically
begun to view cognition’s influence on emotion within a larger motivational context.
Appraisal represents a special form of cognition that involves the infant’s evaluation of an
event in terms of its significance or relevance for his or her goals and concerns (Campos
& Barrett, 1984). As such, appraisal is an integral part of the emotion process and is not
considered a purely cognitive process but a cognitive-motivational process (Barrett &
Campos, 1987; Mascolo & Fischer, 1995; Mascolo & Harkins, 1998).

The cognitive transition from sequential to simultaneous processing gains new
meaning when we embed it in significant transactions between the infant and the world.
Between 6 and 9 months, infants’ affective exchanges with their caregivers extend beyond
the realm of dyadic interaction to triadic interaction, a process termed “secondary inter-
subjectivity” (Trevarthen & Hubley, 1978). In effect, infants begin to share emotion with
their caregivers about a third event – such as an object in the environment or another
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person – and to understand that others’ emotional displays and gaze patterns can refer 
to people and events outside the caregiver–infant dyad (Bates, 1979). This shift in emo-
tional communication relies on the emergence of simultaneous processing – infants must
appreciate the emotion communicated by the caregiver in simultaneous relation to a dis-
tinct event or person – but is not reducible to purely cognitive processes, for secondary
intersubjectivity is ultimately about a new form of affective sharing in infancy.

Social referencing: An example of appraisal in infancy

Social referencing, a fundamental appraisal process, is perhaps the emotional cornerstone
of secondary intersubjectivity. Infants who social reference use the facial, vocal, and ges-
tural affective displays of others to evaluate ambiguous events and to regulate subsequent
action in relation to those events (Campos & Stenberg, 1981). This process relies on the
infant’s being able to relate the valenced meaning conveyed by a social other to an event
whose meaning is not clear cut – such as the presence of a novel toy, the approach of a
stranger, or the drop-off of a support surface on the visual cliff. Infants as young as 9
months do indeed relate the general positive or negative affective meaning conveyed by
social others to ambiguous people/events and adjust their responses to the person/event
accordingly. If, for example, a mother displays fear in relation to the drop-off edge of the
visual cliff, infants rarely cross the cliff to their mothers, but in the context of a happy
display from the mother, infants readily cross (Sorce, Emde, Campos, & Klinnert, 1985);
similarly, infants respond much more positively to a stranger’s approach or to a strange
toy when their mothers react to the event with smiles and positive vocalizations (Boccia
& Campos, 1989; Feinman & Lewis, 1983; Mumme, Fernald, & Herrera, 1996).

The process of social referencing tailors the cognitive emergence of simultaneous pro-
cessing to the emotion system proper; it involves evaluations of situations that directly
affect infants’ goals and strivings and makes use of expressive behavior via the face, voice,
and gesture. In investigations of the development of pride, shame, and guilt, Mascolo
and Fischer (1995) also address cognitive factors from the standpoint of appraisal. Pride
appraisals, for example, involve self-evaluations of responsibility for acting in ways that
garner social approval (Mascolo & Harkins, 1998). Pride appraisals originate, according
to Mascolo and his colleagues, in the infant’s detection of contingencies between his or
her action and its effects. Infants as young as 2 months smile when their actions affect
outcomes in the world. At the end of the first year, infants begin to establish more complex
action–effect contingencies by enjoying both the immediate effects of their action and
the positive reactions from social others to their action. Toward the end of the second
year, infants begin to reflect on their action as a product of their own agency (Mascolo
& Fischer, 1995). Although this and other appraisal sequences for shame and guilt take
root in general forms of infant cognitive development, the appraisal component itself
involves specific forms of cognition, such as notions of responsibility and evaluations of
social approval, that intimately relate to the strivings of the infant.

Stranger and separation reactions as disruptions of expectations about communication

Cognitive advances in object permanence and self-awareness as well as cognitive processes
such as memory and expectancy have been theoretically and empirically linked to emo-

450 David C. Witherington, Joseph J. Campos, and Matthew J. Hertenstein



tional development in infancy. But none of these factors holds inherent meaning for the
emotional life of the infant; as a result, we must approach cognitive factors from the
standpoint of relational meaning patterns in emotion and ultimately embed “cold” cog-
nitions within a motivational context of the infant’s goals and strivings. Such a consid-
eration sheds new light on the very phenomena that have inspired traditional cognitive
explanations in emotional development: stranger and separation distress. Factors such as
memory and expectancy may indeed play a role in these developments, but to fully under-
stand that role, we must reconceptualize these factors from the standpoint of significance
in the infant’s life.

To this end, separation and stranger distress may emerge as a consequence of specific
expectations infants have for how social others should behave when communicating with
them (Bower, 1977). With the emergence of primary intersubjectivity at 2 to 3 months,
infants and their primary caregivers gradually co-construct unique modes of communi-
cating and sharing emotion with one another, consisting of specific and routinized
sequences of facial signaling, vocalizing, gesturing, body orientation, and tactile contact.
These communication modes have powerful regulatory effects on infant arousal levels and
emotional state (Tronick, 1989). Eventually, infants come to expect these specific forms
of communication in the context of social interaction. Infants for whom these expecta-
tions are consolidated will encounter a rather dramatic violation of expectancy when a
stranger interacts with them; similarly, when separated from the primary caregiver, these
same infants will be without an important source of emotional regulation via the loss of
a significant communicational partner. By couching the emergence of stranger and sep-
aration distress in the context of infant–caregiver communication patterns and their 
regulatory consequences, we can see why, for example, infants are most likely to react
with distress when a stranger tries to interact with them but rarely ever show distress to
the mere presence of a stranger (Schaffer, 1971).

Multiple Component Processes and Emotional Development

The Importance of Context in Emotion and Its Development

Appraisal processes in emotional development highlight the importance of embedding
one component of the emotion process – cognition – within a context of other compo-
nents – goals and strivings. Equally important is the consideration of physical and social
contexts when studying the emotion process and its development. Context is crucial as a
factor that affects the manifestation of emotion in a specific emotional transaction, and
also as a catalyst that helps to organize the development of emotion. We will illustrate
these points in this section of the chapter.

The word “context” is usually taken to mean the presence or absence of some envi-
ronmental factor in relation to a person’s behavior. For example, an infant’s reaction to a
stranger will be rather different depending upon whether the mother is or is not present
in the testing room. The mother’s presence is thus a contextual factor in stranger distress
(see Sroufe et al., 1974). However, for us, context involves much more than just modu-
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lation of emotional responding. In a relational approach to emotion, context refers to the
broad social, economic, and historical ecology within which the infant is developing, and
it simultaneously refers to the appropriateness of the fit of the infant into that ecological
niche. Viewed in this way, not only does the infant develop, but so too does the envi-
ronment. The concepts of harmony, discord, and reciprocity between the infant’s behav-
ior and that of caregivers are thus crucial for understanding developmental transitions in
emotion.

Examples of the role of context in real-time interaction

The work of Fogel and his colleagues illustrates the importance of one aspect of context
– the type of behavior of the mother and the type of games she plays with her infant –
for the organization of infant’s expressive behavior during dyadic interaction. Fogel’s work
demonstrates how specific factors in the play of caregiver and infant shape the forms that
infant smiling behavior assumes (Dickson, Walker, & Fogel, 1997). Twelve-month-olds’
smiles in the play context of book reading typically consist only of lip-corner raises.
During physical play, open-mouth smiling prevails, and when caregivers vocalize with
their infants, infant smiling includes both lip-corner raises and contraction of the muscles
surrounding the eyes. Fogel’s work thus advances our understanding of the way that
parents’ behavior can help to organize infants’ expressive behavior.

Context and the parent–child system

Context can have an impact broader than the organization of emotional expression
(Sander, 1964). Emotional development does not take place in a social vacuum: the
infant’s development is indissociably tied in with developmental tasks the baby and the
mother jointly face. How these developmental tasks are resolved can profoundly affect
personality development.

Sander proposes five developmental tasks that mothers and infants jointly face in the
first two years of life. One concerns coordination of patterns of feeding, quieting, sleep,
and arousal regulation (birth to 3 months). A second deals with newly emerged smiling
and vocalization patterns (4–6 months). A third revolves around the child’s new initia-
tive skills (7–9 months). A fourth involves issues relating to the establishment of the
mother as the principal attachment figure (10–12 months). And the fifth centers on the
emergence of the infant’s self-assertion (15 to 20 months of age). Posing context as Sander
does in terms of broad patterns in parent–child interactions is very valuable. For example,
it shows how mothers can react very differently to the way a baby develops emotionally.
A mother who is very happy dealing with a dependent and relatively helpless infant
(Phases 1 and 2) may become saddened, upset, and less sensitive toward the infant when
the infant becomes increasingly autonomous (Phase 3). If so, the mother may inadver-
tently create a context in which the child’s fit with her behavior shifts from harmonious
to disruptive. (The reverse can also be true, if the mother values the newfound auton-
omy of her baby and moves away from disliking the baby as helpless to seeing the baby
as more grown up.) A similar consideration applies to the role of the father. A father who
has enjoyed playing with his baby in Phase 3 may be disturbed when he sees the baby
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making the mother his or her first love in Phase 4. Sander has shown (1962, 1964) how
interactional failures in the parents’ and the child’s navigation of these developmental
tasks can result in personality disorders later on. In sum, one must take into account the
context – the appropriateness of fit between baby and parents – to understand normal
and deviant emotional development.

Context and Beyond: The Multicomponential Nature of 
Emotional Development

Recognizing the critical role context plays in the emotion process underscores the need
to view emotional development as a multicomponent process, comprised of elements such
as action and action tendency, goals and concerns, physiological, appraisal, and experi-
ential feeling components, as well as social and physical context components. Just as no
one component serves as criterion for emotion in its mature form, no one component of
the emotion process serves as criterion for either a given developmental level of organi-
zation in emotion or a transition between levels of organization in development. Thus,
characterizing the emotional life of a 4-month-old – as distinct from an 8-month-old –
requires more than simply knowing the child’s appraisal skills, because event appraisals
necessarily depend on the actions available to the infant for engaging the event (Campos
et al., 1994). We must also know the action repertoire available to the 4-month-old. But
this is only half the picture, for we must also know about the world in which the 4-
month-old resides, the social and physical contexts in which the infant is embedded. Our
evaluations of and actions on the world are both an outgrowth and organizer of our trans-
actions with the world.

If the emotion process consists of multiple, interrelated components, then emotional
development stems from systematic changes in the interactions among these components
(Fogel et al., 1992). Both individual developments of particular components themselves
and interactions among components establish organizational changes in emotion; to
understand emotional development, therefore, requires an assessment of how the com-
ponents of emotion interact to produce behavior at different levels of developmental 
organization, from birth forward (M. D. Lewis, 2000; M. D. Lewis & Granic, 1999;
Mascolo & Griffin, 1998).

Change in one component of emotion may destabilize the system, but establishment
of a new developmental organization in emotion requires consideration of all its compo-
nents in interaction with one another. As a result, physical and social contextual factors
are as important as intrapersonal factors such as appraisal in conceptualizing emotion,
both in its real-time unfolding and in its developmental organizations. As active, self-
organizing processes, emotions take root directly in activity geared toward adaptation 
in the world. Emotions, in brief, develop through person–environment transactions
(Campos et al., 1994; Griffin & Mascolo, 1998; Thompson, 1993). We now illustrate
these fundamental principles by detailing how a major transition in person–environment
relations – the onset of crawling – incites sweeping reorganization in emotion and how
the actual process of reorganization derives from new interactions among various elements
of the emotion system.
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Locomotor experience and emotional development

Crawling and the experience it generates affect the emotional life of the infant in pro-
found ways. With the onset of crawling, infants have at their disposal a new means of
acting on the world and adapting to the world. In the literature on infant attachment,
crawling has long been considered an important step for the emergence of specific attach-
ments to caregivers; using the caregiver as a secure base from which to explore the world
intimately depends on the availability of independent movement for the infant
(Ainsworth, Blehar, Waters, & Wall, 1978; Bowlby, 1969). Through crawling and the
newfound autonomy it provides, infants can not only entertain new goals but also more
fully explore existing goals. The crawling infant furthermore affects the social system in
which he or she is embedded. Caregivers must regulate the infant’s newfound opportu-
nities for exploration to ensure their infants’ safety, which in turn impacts communica-
tion patterns between caregiver and infant.

Caregivers, in fact, report major increases in their infants’ displays of anger and temper
tantrums following crawling onset (Campos, Kermoian, & Zumbahlen, 1992). Once
infants begin to crawl, caregivers themselves target more positive affect toward infant
exploration and the discovery of new events and situations. At the same time, caregivers
begin to assign a more sophisticated intentionality to their infants and treat them as more
responsible for their actions. This change, coupled with the increased chance for a mobile
infant to encounter dangerous situations, produces a substantial increase in parental 
targeting of fear and anger to their infants once crawling begins (Campos, Bertenthal, &
Kermoian, 1992; Zumbahlen & Crawley, 1996).

In short, the onset of crawling, a basic action component of the process of relating 
to the world, prompts the need for fundamental reorganization in the infant’s emotional
life, both at the level of infant affectivity and at the level of the emotional climate in
which the infant resides. Once infants begin to crawl, their goals, evaluations, expecta-
tions, and interactions with others undergo major transition in conjunction with the new
adaptive demands they face. The organization of the infant’s emotional life consequently
assumes new forms as various components of the emotion process reestablish stable inter-
action with one another. One of these new forms is the emergence of wariness of heights.
In what follows, we outline an account for this new form of fear in infancy that vividly
instantiates the need to view emotional development as a self-organizing, multicompo-
nent system. The account demonstrates how crawling experience prompts a reorganiza-
tion in the way infants register self-motion by providing new opportunities for infants to
relate what their eyes tell them is their motion with what their body feels is their motion.
This reorganization, in turn, affects how infants control their posture and ultimately gen-
erates expectations about the information available for self-motion detection. It is under
conditions which violate these expectations that fear is aroused.

The emergence of wariness of heights: An example

It is well established that experience with self-produced locomotion, either through 
crawling or through the use of a “walker,” gives rise to wariness of heights (Campos,
Bertenthal et al., 1992; Campos, Hiatt, Ramsay, Henderson, & Svejda, 1978). How
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crawling experience ultimately engenders fear of heights, however, remains open to spec-
ulation. We present here an account for wariness of heights that relies on work done with
adults on height vertigo. Brandt and his colleagues have demonstrated that height vertigo
derives from conflict in information available for determining self-motion (Brandt,
Arnold, Bles, & Kapteyn, 1980; Brandt, Bles, Arnold, & Kapteyn, 1979). Extensive evi-
dence suggests that as adults, we use both visual information and information derived
from the vestibular system to judge our movement in the world and that we rely on what
we see to maintain our posture and balance, as is evident when we shut our eyes while
standing (e.g., Dichgans & Brandt, 1978; Lee & Lishman, 1975; Lishman & Lee, 1973).
Brandt and his colleagues argue that adults implicitly expect what they see to correspond
to their internally derived sensations of motion. Such a correspondence is violated under
conditions likely to produce height vertigo. When we stand at the edge of a cliff, our
normal body sway tells us, via the vestibular system, that we are moving, but our eyes tell
us next to nothing about our body sway because normally available optical textures in
our surround – such as the ground stretching out in front of us – are largely absent. They
are too far away to be noticed or to be effective. To overcome the conflict, adults typi-
cally increase their postural sway to generate motion in their visual surround, but this
ultimately results in greater postural instability and height vertigo.

We have extended this argument to the emergence of wariness of heights in infancy
by suggesting that experience with crawling sets in motion processes that ultimately estab-
lish infant expectations of specific correspondence between visual and vestibular sources
of self-motion information (e.g., Bertenthal & Campos, 1990; Campos, Kermoian, &
Witherington, 1996). First, with experience in crawling, infants demonstrate a new sen-
sitivity to certain forms of visual motion information for controlling their posture
(Higgins, Campos, & Kermoian, 1996). Specifically, crawling infants begin to use 
patterned visual information available in their peripheral visual field to determine 
self-motion.

Second, crawling experience establishes specific correspondences between visual and
vestibular information for self-motion. When infants are passively moved, nothing
compels them to look in their direction of motion; as a result, they will not consistently
generate the visual information in the peripheral visual field that accompanies forward
motion. Crawling infants, on the other hand, typically look in their direction of motion
and consequently experience specific, correlated information about their movement from
both the visual and vestibular systems.

Third, crawling infants form expectations about this correlated input. In fact, crawl-
ing infants rely more than ever on information for self-motion because their newly estab-
lished mobility carries with it increased encounters with postural instability. The specific
expectations infants establish for correlated input are in the service of maintaining pos-
tural stability and are as a result imbued with affective significance for the infant. Loss of
support and the vestibular input accompanying it are a significant source of negative
emotion throughout development (Campos & Bertenthal, 1989; Jersild, 1946).

Thus, crawling experience lays the foundation for systematic changes in perception,
action, and cognition which in turn organize a new form of fear in context: wariness 
of heights. We, in fact, have preliminary evidence to suggest that increases in infants’ 
sensitivity to peripheral visual information for controlling body posture directly map 
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onto demonstrations of wariness of heights (Witherington, Kermoian, & Campos, 2001).
Such evidence underscores both the potential for this specific account and the need for
accounts in general that treat emotion and its development as a complex, multicompo-
nent process.

Conclusion

Emotions are multifaceted processes, and explaining their development requires a multi-
faceted approach. Emotion as a process is comprised of many components – both intra-
and extraorganismic – all of which contribute to its organization at any given time and
to transformations in its organization across development. Characterizing emotion in
terms of its components and their interactions affords us insight into the nature of the
developmental process itself. We fully capture emotional development, in turn, when we
derive from this multicomponential analysis a synthetic rendering of person–environment
relations across development. Such a synthesis as yet eludes the study of emotion in any
period of development. Still, by treating emotion in relational terms, as the outgrowth of
evaluations and actions in physical and social contexts, we know where to tap critical
transition points in emotional development. It is at points in development when the
person’s relation to his or her environment is fundamentally altered that we know the
person’s emotional life will reorganize. For the infant, motoric changes should serve as
major transition points in emotional development. We have already outlined the impor-
tant emotional changes that arrive with crawling experience. Other motoric transitions,
such as the emergence of smooth-pursuit eye tracking, visually guided reaching and grasp-
ing, independent sitting, standing and walking, all potentially mark major reorganiza-
tions in the infant’s emotional stance toward the world. Notwithstanding work on infant
crawling, relatively little research to date has mined the potential of these important devel-
opmental transitions (Biringen, Emde, Campos, & Appelbaum, 1995; M. D. Lewis,
1993; Witherington, 1999).

With each motoric transition, infants establish more effective means of meaning-
fully interacting with the social and physical world. New means of action fundamentally
alter the manner in which infants implement their existing goals/strivings and 
establish for the infant new sets of goals, as well. In essence, emotional development in
infancy revolves around systematic changes in the way infants regulate their goal-directed
activity, their significant engagement with the people and things that surround them. 
At every point in development, then, emotion can be viewed from the standpoint 
of its regulatory effects on person–environment relations. Emotional development is not
about trying to control our emotions per se, as the literature sometimes suggests. The
emotion system is inherently regulatory, and to study it we must look at the functional
relations between person and environment. We must establish what the person is 
trying to do to understand anything about his or her emotional stance toward the world.
It is at this level – the level of infants regulating their relation to the world – that 
the fundamental and most significant properties of infant emotional development will 
be discovered.

456 David C. Witherington, Joseph J. Campos, and Matthew J. Hertenstein



References

Ainsworth, M., Blehar, M., Waters, E., & Wall, S. (1978). Patterns of attachment: A psychological
study of the Strange Situation. Hillsdale, NJ: Erlbaum.

Anisfeld, M. (1991). Neonatal imitation. Developmental Review, 11, 60–97.
Anisfeld, M., Turkewitz, G., Rose, S. A., Rosenberg, F. R., Sheiber, F. J., Couturier-Fagan, D. A.,

Ger, J. S., & Sommer, I. (2001). No compelling evidence that newborns imitate oral gestures.
Infancy, 2, 111–122.

Banks, M. S., & Salapatek, P. (1983). Infant visual perception. In P. H. Mussen (Series Ed.) & M.
Haith & J. J. Campos (Vol. Eds.), Handbook of child psychology: Vol. 2. Infancy and develop-
mental psychobiology (4th ed., pp. 435–571). New York: Wiley.

Barrett, K. C. (1998). A functionalist perspective to the development of emotions. In M. F. Mascolo
& S. Griffin (Eds.), What develops in emotional development? (pp. 109–133). New York: Plenum
Press.

Barrett, K. C., & Campos, J. J. (1987). Perspectives on emotional development: II. A functional-
ist approach to emotions. In J. D. Osofsky (Ed.), Handbook of infant development (2nd ed., pp.
555–578). New York: Wiley.

Bates, E. (1979). Intentions, conventions, and symbols. In E. Bates, L. Benigni, I. Bretherton, L.
Camaioni, & V. Volterra (Eds.), The emergence of symbols: Cognition and communication in
infancy (pp. 33–68). New York: Academic Press.

Bertenthal, B., & Campos, J. J. (1990). A systems approach to the organizing effects of self-
produced locomotion during infancy. In C. Rovee-Collier & L. P. Lipsitt (Eds.), Advances in
infancy research (Vol. 6, pp. 1–60). Norwood, NJ: Ablex.

Biringen, Z., Emde, R. N., Campos, J. J., & Appelbaum, M. I. (1995). Affective reorganization
in the infant, the mother, and the dyad: The role of upright locomotion and its timing. Child
Development, 66, 499–514.

Boccia, M., & Campos, J. J. (1989). Maternal emotional signals, social referencing, and infants’
reactions to strangers. In N. Eisenberg (Ed.), New directions for child development (Vol. 44, 
pp. 25–49). San Francisco: Jossey-Bass.

Boiten, F. (1996). Autonomic response patterns during voluntary facial action. Psychophysiology,
33, 123–131.

Bower, T. G. R. (1977). A primer of infant development. San Francisco: W. H. Freeman.
Bowlby, J. (1969). Attachment and loss: Vol. 1. Attachment. New York: Basic Books.
Bowlby, J. (1973). Attachment and loss: Vol. 2. Separation. New York: Basic Books.
Brackbill, Y., Adams, G., Crowell, D., & Gray, M. (1966). Arousal level in neonates and preschool

children under continuous auditory stimulation. Journal of Experimental Child Psychology, 4,
178–188.

Brandt, T., Arnold, F., Bles, W., & Kapteyn, T. S. (1980). The mechanism of physiological height
vertigo I. Theoretical approach and psychophysics. Acta Otolaryngologica, 89, 513–523.

Brandt, T., Bles, W., Arnold, F., & Kapteyn, T. S. (1979). Height vertigo and human posture.
Advances in Oto-Rhino-Laryngology, 25, 88–92.

Bridges, K. (1932). Emotional development in early infancy. Child Development, 3, 324–341.
Bronson, G. W. (1972). Infants’ reactions to unfamiliar persons and novel objects. Monographs of

the Society for Research in Child Development, 37 (3, Serial No. 148).
Buhler, C. (1930). The first year of life. New York: Day Press.
Cacioppo, J. T., Klein, D. J., Berntson, G. G., & Hatfield, E. (1993). The psychophysiology of

emotion. In M. Lewis & J. M. Haviland (Eds.), Handbook of emotions (pp. 119–142). New
York: Guilford Press.

Emotional Development 457



Campos, J. J. (1985, August). Current issues in the study of emotion and emotional development.
Paper presented at a symposium on cognition–emotion relations at the meetings of the Ameri-
can Psychological Association, Los Angeles, CA.

Campos, J. J., & Barrett, K. C. (1984). Toward a new understanding of emotions and their devel-
opment. In C. E. Izard, J. Kagan, & R. B. Zajonc (Eds.), Emotions, cognition, and behavior (pp.
229–263). Cambridge: Cambridge University Press.

Campos, J. J., Barrett, K. C., Lamb, M. E., Goldsmith, H. H., & Stenberg, C. (1983). Socio-
emotional development. In P. H. Mussen (Series Ed.) & M. Haith & J. J. Campos (Vol. Eds.),
Handbook of child psychology: Vol. 2. Infancy and developmental psychobiology (4th ed., pp.
783–915). New York: Wiley.

Campos, J. J., & Bertenthal, B. I. (1989). Locomotion and psychological development in infancy.
In F. Morrison, C. Lord, & D. Keating (Eds.), Applied developmental psychology (Vol. 3, pp.
229–258). New York: Academic Press.

Campos, J. J., Bertenthal, B. I., & Kermoian, R. (1992). Early experience and emotional devel-
opment: The emergence of wariness of heights. Psychological Science, 3, 61–64.

Campos, J. J., Hiatt, S., Ramsay, D., Henderson, C., & Svejda, M. (1978). The emergence of fear
on the visual cliff. In M. Lewis & L. Rosenblum (Eds.), The development of affect (pp. 149–182).
New York: Plenum Press.

Campos, J. J., Kermoian, R., & Witherington, D. (1996). An epigenetic perspective on emotional
development. In R. D. Kavanaugh, B. Zimmerberg, & S. Fein (Eds.), Emotion: Interdisciplinary
perspectives (pp. 119–138). Mahwah, NJ: Erlbaum.

Campos, J. J., Kermoian, R., & Zumbahlen, M. (1992). Socioemotional transformations in the
family system following infant crawling onset. In N. Eisenberg & R. A. Fabes (Eds.), New direc-
tions for child development: Emotion and its regulation in early development (Vol. 55, pp. 25–40).
San Francisco: Jossey-Bass.

Campos, J. J., Mumme, D. L., Kermoian, R., & Campos, R. G. (1994). A functionalist perspec-
tive on the nature of emotion. In N. Fox (Ed.), The development of emotion regulation: Bio-
logical and behavioral considerations (pp. 284–303). Monographs of the Society for Research in
Child Development, 59 (2–3, Serial No. 240).

Campos, J. J., & Stenberg, C. R. (1981). Perception, appraisal, and emotion: The onset of social
referencing. In M. E. Lamb & L. R. Sherrod (Eds.), Infant social cognition: Empirical and theo-
retical considerations (pp. 273–314). Hillsdale, NJ: Erlbaum.

Camras, L. A. (1992). Expressive development and basic emotions. Cognition and Emotion, 6,
269–283.

Camras, L. A., Oster, H., Campos, J., Campos, R., Ujiie, T., Miyake, K., Wang, L., & Meng, Z.
(1998). Production of emotional facial expressions in European American, Japanese, and
Chinese infants. Developmental Psychology, 34, 616–628.

Caron, A. J., Caron, R. F., Caldwell, R. C., & Weiss, S. J. (1973). Infant perception of the struc-
tural properties of the face. Developmental Psychology, 9, 385–399.

Cohn, J. F., & Tronick, E. Z. (1983). Three-month-old infants’ reaction to simulated maternal
depression. Child Development, 54, 185–193.

Cook, M., & Mineka, S. (1990). Selective associations in the observational conditioning of 
fear in rhesus monkeys. Journal of Experimental Psychology: Animal Behavior Processes, 16, 372–
389.

Cosmides, L., & Toobey, J. (2000). Evolutionary psychology and the emotions. In M. Lewis & J.
M. Haviland-Jones (Eds.), Handbook of emotions (2nd ed., pp. 91–115). New York: Guilford
Press.

Darwin, C. (1965). The expression of the emotions in man and animals. Chicago: University of
Chicago Press. (Original work published 1872)

458 David C. Witherington, Joseph J. Campos, and Matthew J. Hertenstein



Decarie, T. (1965). Intelligence and affectivity in early childhood. New York: International Univer-
sities Press.

Dichgans, J., & Brandt, T. (1978). Visual–vestibular interactions: Effects on self-motion and 
postural control. In R. Held, H. W. Leibowitz, & H. L. Teuber (Eds.), Handbook of sensory 
physiology (Vol. 8, pp. 755–804). Heidelberg: Springer.

Dickson, K. L., Walker, H., & Fogel, A. (1997). The relationship between smile type and play
type during parent–infant play. Developmental Psychology, 33, 925–933.

Dondi, M., Simion, F., & Caltran, G. (1999). Can newborns discriminate between their own cry
and the cry of another newborn infant? Developmental Psychology, 35, 418–426.

Ekman, P. (1972). Universals and cultural differences in facial expressions of emotion. In J. Cole
(Ed.), Nebraska symposium on motivation (pp. 207–283). Lincoln, NE: University of Nebraska
Press.

Ekman, P. (1999a). Basic emotions. In T. Dalgleish & M. Power (Eds.), Handbook of cognition and
emotion (pp. 45–60). New York: Wiley.

Ekman, P. (1999b). Facial expressions. In T. Dalgleish & M. Power (Eds.), Handbook of cognition
and emotion (pp. 301–320). New York: Wiley.

Ekman, P. W., Levenson, R. W., & Friesen, W. V. (1983). Autonomic nervous system activity 
distinguishes among emotions. Science, 221, 1208–1210.

Ekman, P., & Oster, H. (1979). Facial expressions of emotion. Annual Review of Psychology, 30,
527–554.

Emde, R. N., Gaensbauer, T., & Harmon, R. J. (1976). Emotional expression in infancy: A bio-
behavioral study. Psychological Issues Monograph Series, 10 (37), 1–198.

Emde, R. N., Katz, E. L., & Thorpe, J. K. (1978). Emotional expression in infancy: II. Early 
deviations in Down’s syndrome. In M. Lewis & L. A. Rosenblum (Eds.), The development of
affect (pp. 351–360). New York: Plenum Press.

Emde, R. N., & Koenig, K. (1969). Neonatal smiling and rapid eye movement states. Journal of
American Academic Child Psychiatry, 8, 57–67.

Feinman, S., & Lewis, M. (1983). Social referencing at ten months: A second-order effect on
infants’ responses to strangers. Child Development, 54, 878–887.

Fernald, A. (1992). Meaningful melodies in mothers’ speech to infants. In H. Papoušek, U. Juer-
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Chapter Seventeen

Temperament

Theodore D. Wachs and John E. Bates

Introduction

Temperament is a word that comes from Latin, referring to the mixing of ingredients,
especially the four humors (or kinds of bodily moisture) that ancient Greek physicians
described. The humors were formed eventually into the familiar fourfold typology (san-
guine – for blood, phlegmatic – for phlegm, choleric – for yellow bile, and melancholic
– for black bile) favored by Europeans of the Middle Ages (Rothbart, 1989). Although
concepts of the physiological bases of temperament have greatly changed in modern times,
the basic dimensions of personality that the four humors describe still have some valid-
ity. Temperament is a conceptual tool for describing and understanding early-appearing
individual differences in behavior.

After many decades of absence as a focus of modern psychological studies of person-
ality, the concept of temperament began returning to prominence by the early 1960s.
Most notably for developmental and clinical psychology, the psychiatrists Thomas and
Chess and their colleagues in the New York Longitudinal Study (Thomas, Chess, & Birch,
1968; Thomas, Chess, Birch, Hertzig, & Korn, 1963) provided a set of temperament
concepts for describing behavioral characteristics from early infancy into childhood.
Thomas and Chess provided such concepts at a time when the field had begun to realize
that social development reflected more than just environmental influences. For example,
as pointed out by Bell (1968), the dominant theories of unidirectional effects of parent-
ing variations upon the social development of children were not supported by evidence
or logic. Results indicating that parental hostility was associated with child misbehavior
could reflect either the influence of the parent upon the child or the influence of the
child’s characteristics upon the parent–child system. In the writings of Thomas and Chess,
temperament was viewed as a conceptual tool that could be used for describing charac-
teristics children might bring to patterns of parent–child relationships. Thomas and Chess
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also were exemplary in their refusal to fall into an either-or trap. They recognized, 
especially in their concept of “goodness of fit” (Thomas et al., 1968), that the ultimate
products of temperament were an interactive product of both the child’s initial tenden-
cies and environmental pressures. Whether a difficult temperament results in a high-
strung but productive and well-socialized person or a hostile and destructive person
depends on how agents of socialization deal with the child’s temperament. A good 
fit would occur if parents are demanding of proper behavior in a supportive way, while
a poor fit would occur if parents are hostile and emotionally disorganized in the face 
of the child’s characteristics. The critical question for Thomas and Chess, as well as for
later generations of temperament researchers, is how socialization and temperament 
concepts are to be integrated. Prior to addressing this question we will first deal with
issues involving the nature, measurement, and sources of individual differences in 
temperament.

What is Temperament?

The Definition of Temperament

Currently there is not a universally agreed upon definition of temperament. This state of
affairs may be surprising to some, given the increasing theoretical interest in tempera-
ment as a bio-behavioral phenomenon, and the increasing number of empirical studies
on issues involving temperament. However, the lack of a precise definition is not unique
to temperament. A similar lack of agreement on both definition and major domains is
also seen in other major areas of psychological inquiry such as intelligence (Neisser et al.,
1996). The fact that there are multiple definitions of a given construct is not necessarily
a problem, as long as there is general consensus among researchers as to the major fea-
tures that define a given construct and the nature of the domains that fit under this con-
struct (McCall, 1986). Such a situation clearly exists for temperament. While there is
disagreement about the details, a majority of researchers would accept the following as a
“working definition” of temperament:

biologically rooted individual differences in behavior tendencies that are present early in life
and are relatively stable across various kinds of situations and over the course of time. (Bates,
1989a, p. 4)

While a working definition allows temperament researchers to go about their business
of investigating the nature and consequences of individual differences in temperament,
such definitions by their very nature have a certain level of ambiguity. For example,
although “early appearing” is a central aspect of our working definition, there remains
disagreement in the literature about how late in development a trait can appear and still
be viewed as fitting the definition of temperament. Some temperament researchers argue
that traits must appear in the first year of life to be defined as temperament (Buss, 1991).
In contrast, other temperament researchers would argue that not all temperament traits
need be evident in the earliest days of a child’s life. In the case of negative emotionality,
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what is seen in the neonatal period is only a very weak forecaster of later emotionality
(Bates, 1989b). Meaningful individual differences in fearful response to novelty depend
on a level of cognitive development that typically occurs in the second half of the 
first year, and meaningful differences in attentional persistence or conscientiousness
cannot appear until the third or fourth year, as the executive attentional control system
is developed.

Along the same lines, the major features found in our consensus definition of 
temperament (early appearing, relatively stable, biologically rooted) also apply to 
behaviors that researchers in different domains would claim as examples of intelligence
or motivation. For example, behavioral patterns involving selective attention, attention
span, and goal-directed behavior are used to categorize a number of temperament domains
including self-regulation (Rothbart, 1991), activity level (Strelau, 1989), and persistence
(Caspi, 1998). However, these same behavioral patterns have also been claimed by theo-
rists in both cognition (Borkowski & Dukewich, 1996; Kinchla, 1992) and motivation
(Barrett & Morgan, 1995) as fundamental elements of their domains. Clearly, we cannot
assume that just because a theorist or a researcher defines a given behavioral trait as 
an example of temperament, the trait, in fact, falls primarily within the domain of 
temperament.

The fact that similar behaviors can be viewed as simultaneously falling within the
sphere of multiple psychological domains need not necessarily be a problem, if there 
are underlying mechanisms that are common to the multiple domains. For example,
Steinmetz (1994) has illustrated how the same neural structures involved in tempera-
ment are also involved in learning and memory processes. The problem occurs when we
do not have evidence for common underlying mechanisms and similar behaviors are
viewed as simultaneously falling within the sphere of multiple different psychological
domains.

Given the risk of imprecision inherent in consensus definitions of temperament, it may
well be that, at present, temperament is best viewed as an example of a “fuzzy set” where
the boundary conditions between different traits are not necessarily well defined (Masarro,
1987). Applying the fuzzy set concept to the domain of temperament, we would hypoth-
esize that certain individual traits such as emotionality, reactivity, difficultness, and activ-
ity appear to fit primarily within the domain of temperament. For these traits there should
be relatively little overlap in the boundaries between temperament and nontemperament
domains. For other individual traits such as attention or task orientation, we would
hypothesize that these traits may form a separate “hybrid class” sharing definitional cri-
teria with both temperament and nontemperament domains (Wachs, 1999). For this
latter class of traits there may well be a greater overlap between domain boundaries (e.g.,
the boundaries of attention as temperament may well overlap with the boundaries of
attention as cognition).

Given that both researchers and theorists approach the study of temperament from a
variety of different perspectives, it is not surprising to find healthy disagreement on the
definition of temperament. In this sense a common working definition is a useful 
tool that brings some degree of order to what otherwise could devolve into chaos.
However, we expect the working definition of temperament used in this chapter to 
evolve beyond its present form. If we are to generate more precise theories of tempera-
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ment, it is important to emphasize that this working definition should be viewed as a
work in progress.

Dimensions of Temperament

Historically, a number of behavioral dimensions have been described as fitting the crite-
ria used to define temperament. These dimensions include: indices of negative emotion-
ality such as fear or anger, ability to adapt to new situations or people (inhibition),
characteristic level of motor activity, pleasure in social interactions (sociability), and
complex multitrait dimensions such as difficultness (highly intense, easily evoked nega-
tive moods) (Bates, 1989a).

However, the contributions of temperament to individual behavioral variability go
beyond the contributions of narrowly focused behavioral dimensions, as listed above. In
part this is because temperament as a construct is multilevel, encompassing behavioral,
neurological, and constitutional individuality (Bates, 1989a). As one further step toward
the definition of temperament, the specific behavioral dimensions listed above are begin-
ning to be understood in a broader conceptual bio-behavioral framework. Rothbart has
argued that there are two, basic processes involved in the behaviors that make up the
dimensions of temperament (see Rothbart & Bates, 1998). Reactivity refers to character-
istic responses to stimulation, such as how quickly infants react to a noxious stimulus
such as their arm being restrained, or whether an emotional response to a novel, ma-
nipulable object is positive or negative emotion. Reactivity also refers to how strong the
response is. Self-regulation refers to the ways in which one internally controls emotional
or motivational responses. For example, infants may differ on whether they regulate dis-
tress by directing attention away from objects producing frustration, by sucking their
fingers and thereby reduce distress, or whether they maintain attention to the distressing
stimulus and thereby increase distress.

What psychobiological systems might encompass the behavioral variations in reactiv-
ity and self-regulation that we typically think of as temperament? One psychobiological
system that is especially used in temperament work is that of Gray (1991). Gray describes
two major brain systems that support motivation. The first is a behavioral approach or
activation system that responds to cues of potential reward or termination of punishment.
The strength of an infant’s joyful approach to an interesting object would depend on
characteristics of this neural system. The second is a behavioral inhibition or anxiety
system that responds to cues for punishment or nonreward. It is likely that a 9-month-
old infant’s freezing in the presence of a stranger represents the activation of this system.
It is especially important to note here that, consistent with the separate neural systems
for positive emotion or approach and fear or inhibition (Gray, 1991), there are relatively
independent dimensions of behavioral differences on extraverted, approaching behavior
and fearful, inhibited behavior. This means that a given infant could be both very attracted
to social and other stimuli but also fearful of novelty, another might be high on one trait
but low on the other, and a third infant might be low on both traits.

Another psychobiological system necessary to provide the underpinnings of the 
Rothbart approach to temperament processes includes those systems involved in the
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control of attention (Rothbart & Bates, 1998). As noted earlier, attentional mechanisms
are most likely to be “hybrid” in nature, encompassing contributions from both tem-
perament and cognitive processes. There appear to be two attentional systems that are
involved in individual behavioral variability. First, there is an early-appearing attentional
system, centered in posterior portions of the brain, that is involved in orienting toward
novel stimuli. Infants who are more strongly interested in stimuli tend to be ones who
show more positive emotion, and this may be a part of later tendencies to strongly
approach when locomotor abilities develop. Second, there is a later-developing attentional
system, centered in anterior portions of the brain, which is involved in executive control
of attention. This latter system, which appears to begin developing after about 18 months,
allows the child to purposefully control attention and dissociate attention to a stimulus
from action on that stimulus, and to modulate emotional responses such as anger.

The Measurement of Temperament

Four approaches to assessing individual differences in early temperament have been 
developed: (1) structured or semi-structured clinical interview of parents; (2) parent 
or caregiver responses to questionnaires; (3) laboratory-based observation of infant 
behavior in structured situations; (4) direct observations of infant’s unstructured 
behavior in naturalistic contexts. We will focus primarily on questionnaires and labora-
tory observations. While parent-interview procedures were the basis of the ground-
breaking New York Longitudinal Study (NYLS; Chess & Thomas, 1984) and have 
occasionally been utilized in later studies (e.g., Worobey, 1986), for the most part 
interview procedures have been less often used in recent years. Likewise, although unstruc-
tured observational procedures have been used for assessing temperament in the neona-
tal period (e.g., Ricciuti & Breitmeyer, 1988) and with older infants and toddlers (e.g.,
Bates, 1979; Bornstein, Gaughran, & Segui, 1991; Rothbart, 1986; Seifer, Sameroff,
Barrett, & Crafchuk, 1994), and mechanical devices such as actometers have been used
to assess children’s naturally occurring activity level (e.g., Eaton & Dureski, 1986), there
has been relatively little systematic development of unstructured observational
approaches.

The majority of parent report scales come from a clinical research perspective, partic-
ularly the NYLS; however, some instruments have a more psychobiological perspective
(Windle, 1988). Examples of these two major classes of infant–toddler assessment instru-
ments are shown in Table 17.1.

There are fewer available examples of laboratory-based observations of temperament.
Some of the more well-known examples are also shown in Table 17.1. Typically, labora-
tory assessment of temperament is based on presenting a series of structured situations
to infants or toddlers and videotaping and then coding their reactions to these situations.
In addition to the laboratory procedures shown in Table 17.1, there have also been obser-
vations of infant temperament in structured testing situations using the Brazelton Scale
in the neonatal period and the Bayley Infant Behavior Record for older infants and 
toddlers (Slabach, Morrow, & Wachs, 1991).
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Table 17.1 Examples of temperament measures used during the infancy and toddler period

Type Measure Reference

I. Parent report questionnaires.
A. Clinical research Revised Infant Temperament Carey & McDevitt (1978).
perspective Questionnaire. Used during the first 
instruments. year of life and assesses the nine 

NYLS dimensions.
Toddler Temperament Questionnaire. Fullard, McDevitt, 

Follow-up scale to Revised Infant & Carey (1984).
Temperament Questionnaire. Assesses 
same dimensions and used in the 
second and third years.

Infant Characteristics Questionnaire. Bates & Bayles (1984).
Focuses on indices of difficult 
temperament. Used in the first and 
second years.

B. Psychobiological Infant Behavior Questionnaire. Used in Rothbart (1986).
perspective the first and second years. Assesses 
instruments. five dimensions: activity, positive 

affect,  fear, distress to limits, and 
soothability.

Toddler Behavior Assessment Goldsmith (1996).
Questionnaire. Follow-up to Infant  
Behavior Questionnaire. Used in the 
18–36-month range. Assesses activity, 
positive affect, fearfulness, anger 
proneness, and interest persistence.

II. Structured laboratory assessments.
Louisville Temperament Assessment Matheny (1991).

Battery. Used in the 3–30-month 
range. Assesses emotional tone, 
activity, social orientation, 
attentiveness, and reaction to 
restraint.

Louisville Neonatal Assessment Battery. Riese (1987).
Downward extension of Louisville
Temperament Assessment Battery to
neonatal period. Assesses activity,
emotionality, attention, and 
soothability.

Lab-Tab. Used in the first two years of Goldsmith & Rothbart
life. Assesses fear, anger, positive (1991).
emotionality, persistence, and activity 
level.

Inhibition assessment procedures. Kagan et al. (1984).
Used over the first several years of life 
to assess infant and toddler inhibition 
to unfamiliar  situations or persons.



While a variety of procedures exist for the assessment of early temperament, none has
proven to be totally satisfactory. A listing of the major problems associated with parent
report, unstructured observation, and laboratory assessment methods has been organized
by Rothbart and Bates (1998) and is shown in Table 17.2. In addition to problems listed
in Table 17.2, it is also important to recognize that laboratory-based coding approaches
often lack needed data on the internal consistency and stability of the temperament
dimensions being coded (Goldsmith & Reiser-Danner, 1990). It is also important to rec-
ognize that many of the problems associated with naturalistic observations, as shown in
Table 17.2, can be minimized by the use of repeated observations. While repeated obser-
vations can serve to both decrease child and parent reactivity to the presence of an
observer, and to increase the stability of observational data (Wachs, 1987), the use of
repeated observations can be quite costly in terms of time demands. For example, Seifer
et al. (1994) suggest that six to eight observational sessions may be needed to obtain stable
measures of infant temperament, and even this degree of effort may not yield sufficient
information to index temperament traits that are not frequently expressed in the obser-
vation situations (Rothbart & Bates, 1998). Further, while use of the same observer across
multiple observations will reduce subject reactivity it can also increase the likelihood of
observer halo effects. This could introduce the same potential measurement uncertainty
that many worry about with parental reports of temperament.

Parent report questionnaire assessments have a number of positive features such as ease
of administration and built-in aggregation, since caregivers usually base their ratings on
experience with their child on repeated occasions and across different contexts. However,
as also shown in Table 17.2, there are also a number of problems associated with use of
parent report measures. Perhaps the most serious charge is that rather than assessing child
characteristics, parent report measures actually are assessing parental emotional charac-
teristics, such as anxiety and depression or parental expectancies about their child (Mebert,
1991; Sameroff, Seifer, & Elias, 1982; Seifer et al., 1994). While agreeing that parent
report measures do have subjective components, defenders of this approach have pre-
sented data indicating that these measures also contain a substantial objective component
that does accurately assess children’s individual characteristics (Bates & Bayles, 1984;
Rothbart & Bates, 1998). For example, evidence shows how parental reports of child tem-
perament predict children’s behavior in laboratory or testing situations where the parent’s
influence is minimal (Matheny, Wilson, & Thoben, 1987; Slabach et al., 1991). Such
prediction would not be likely to occur if temperament questionnaires were assessing
parental rather than child characteristics. Rather than simply throwing out the baby with
the questionnaire, a more appropriate approach would be to attempt to apply correction
procedures to minimize the potential influence of parent characteristics upon their
response to temperament questionnaires (Bates, 1987). For example, to complement the
recently developed Toddler Behavior Assessment Questionnaire, Goldsmith (1996) has
developed a set of social desirability items that assess the degree to which parents bias
their report to make their child seem more socially appropriate than the child may be in
actuality.

While questions of bias on parent responding to questionnaires have received the most
attention from temperament researchers, other important problems have been given far
less emphasis. One such problem is the modest level of correlations reported between
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temperament ratings of mothers and fathers on their own children. While degree of parent
agreement varies to some extent, depending on what temperament dimensions are being
rated, for the most part interparent agreement correlations hover in the low–mid .4 range
(Martin & Halverson, 1991; Slabach et al., 1991). It could be argued that lower levels
of interparent agreement are restricted primarily to psychometrically weaker temperament
scales or subscales. However, even when a carefully developed and well-validated 
instrument such as the Toddler Behavior Assessment Questionnaire is used, the average
agreement between parents on the same temperament dimensions is r = .41 (range r =
.29 to r = .54; Goldsmith, 1996). In general, low correlations between parents’ and
observers’ ratings can be explained on the basis of parents having greater experience with
their child’s behavior, and thus basing their ratings on a more representative database
(Carey, 1989). Similarly, the consistently low correlations between parent and teacher
ratings can be explained on the basis that children may well be showing different facets
of temperament in different contexts such as the home and day-care center (Goldsmith,
1996; Goldsmith, Rieser-Danner, & Briggs, 1991). There have been a variety of expla-
nations on why relatively modest parent agreement correlations occur (e.g., children vary
their behavior pattern for each parent; parents differ in degree of contact; or parents use
different rating criteria). However, at present no satisfactory explanation is available
(Slabach et al., 1991).

The fact that each approach to assessing temperament has specific measurement prob-
lems has led to an increasing emphasis by temperament researchers on the importance of
aggregation: assessing common dimensions of temperament using different measurement
approaches at the same point in time (Rothbart & Bates, 1998). For example, measure-
ment of infant activity level can be based on a combination of parent report, coding of
child activity in a structured laboratory situation, and actometer readings when the child
is in day-care or at home. Assessments based on multiple measurements of the same con-
struct strategies are more likely to give us an accurate and stable picture of a child’s 
temperament than assessments that are based on only a single measurement approach.
Although more costly, aggregated approaches to assessing temperament may well be the
best way to avoid the measurement problems associated with each individual type of
assessment strategy, and thus to maximize our ability to detect existing relations between
temperament and other important aspects of development.

Sources of Individual Differences in Temperament

As noted above, biological roots are an essential definitional feature of temperament. Con-
ceptually, the biological basis of temperament can occur in two ways (Bates, 1989a). First,
there are patterns of “neurological individuality.” Second, there are individual constitu-
tional factors such as genetics, biomedical history, and nutritional status. In regard to 
neurological individuality there is a growing body of evidence that documents the role 
of specific central nervous system structures and neurotransmitter processes in the de-
velopment and maintenance of individual differences in temperament (for a detailed 
review of this evidence, see Bates & Wachs, 1994). Much of this evidence is summarized
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in Table 17.3. As seen in Table 17.3, central nervous system structures such as the hip-
pocampus, amygdala, and frontal cortex, as well as specific neural transmitters such as
dopamine and serotonin, have all been implicated as mediating individual differences 
in temperament. Other aspects of neurological individuality that have been shown to be
related to individual variation in temperament include autonomic nervous system func-
tion markers such as vagal tone, which has been shown to predict negative emotionality
and soothability (Huffman et al., 1998), and variability in level of hormones such as 
prolactin, which is related to negative emotionality (Lozoff et al., 1995).

While characteristics of the central nervous system as well as peripheral nervous and
hormonal systems are linked to individual differences in temperament, variability in these
systems is the result of the operation of prior developmental influences (Wachs, 2000a).
These prior influences and the role they play in individual variability in temperament are
discussed below.

Biological Influences

Genetics

One critical source of variability in the neurological foundations of temperament involves
individual differences in genetic makeup. Not surprisingly, there is a large and consistent
literature showing genetic influences upon individual differences in infant and toddler
activity, emotionality, inhibition, reactivity, persistence, and sociability (Braungart, Fulker,
& Plomin, 1992; Buss & Plomin, 1986; Emde et al., 1992; Plomin et al., 1993; 
Robinson, Kagan, Reznick, & Corley, 1992; Saudino & Eaton, 1991; Saudino, Plomin,
& DeFries, 1996). For the most part the heritability of temperament (percentage of vari-
ability in temperament accounted for by genetic influences) is in the moderate range (e.g.,
depending upon the age of assessment, the heritability of activity ranges from .20 to .28
while the heritability of affect ranges from .31 to .35; Saudino et al., 1996).

Although the genetic basis for individual differences in temperament seems well estab-
lished, it is important to recognize that the nature and extent of genetic influences appear
to depend on the temperamental dimension under consideration, the age of the individ-
ual, and the population under study. For example, there appears to be far less genetic
influence on expressions of positive emotionality than upon expressions of negative emo-
tionality (Emde et al., 1992; Goldsmith, 1996; Plomin et al., 1993). Evidence further
indicates that genetic influences upon temperament appear to be far less during the first
year of life than in later years (Riese, 1990; Wilson & Matheny, 1986). Further, heri-
tability estimates of genetic influences tend to be higher in twins than in non-twin pop-
ulations (Saudino, 1997; Saudino, McGuire, Reiss, & Hetherington, 1995), perhaps
reflecting lower than expected correlations among dizygotic twins (DZ), which can inflate
heritability estimates for twin populations (Spinath & Angleitner, 1998). One possible
reason for lower than expected DZ correlations may be greater differences in the prena-
tal environment of DZ twins, leading to lower phenotypic resemblance among DZ twins
after birth (Devlin, Daniels, & Roeder, 1997). The likelihood that the genetics of 
temperament depend on particular traits, developmental stages, and whether individuals
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are twins does not challenge our overall conclusion that genetic influences are important
for temperament, but it does suggest the need for caution when discussing the extent and
nature of these influences.

A need for caution is also suggested when we look at evidence on the role played by
genetic influences on change in temperament. While the evidence is not totally consis-
tent (e.g., Wilson & Matheny, 1986), for the most part available evidence indicates that
genetic factors influence the stability of temperament across time and across contexts,
whereas changes in individual temperament patterns across contexts or over time appear
to be due to either environmental influences (Plomin et al., 1993; Saudino, 1997; Saudino
et al., 1996) or to the joint operation of both genetic and environmental influences
(Robinson et al., 1992). The relevance of environment as an influence upon individual
variation in temperament will be discussed shortly. Prior to discussing environmental
influences we will first look at the role played by biological influences other than genetic
factors.

Nutritional influences

Those aspects of central nervous system (CNS) structure (e.g., the hippocampus) and
neurotransmitter metabolism (e.g., serotonin) that have been shown to be influenced by
variability in nutritional intake are, in many cases, the same CNS areas and metabolic
processes that have been implicated in individual variability in temperament (Wachs,
2000b). Given this linkage we would expect to find relations between individual vari-
ability in temperament and individual variability in dietary intake patterns. Available evi-
dence not only documents such relations but also indicates what aspects of diet may be
most relevant for individual variability in temperament. Experimental infrahuman studies
have reported that malnutrition is related to lower sociability, higher emotionality, lower
approach, and higher inhibition (Barrett, 1984). Similarly, experimentally induced iron
deficiency has been associated with greater emotional reactivity (Munro, 1987) and lower
activity level in infrahuman species (Barzideh, Burright, & Dorovich, 1995). At the
human level, infants who are severely malnourished, and then nutritionally rehabilitated,
later in life show behavioral patterns characterized by greater distractibility and lower reac-
tivity, emotional control and activity level (Grantham-McGregor, 1995; Simeon &
Grantham-McGregor, 1990). Chronic undernutrition has been related to lower activity
and reactivity in infancy and lower activity and sociability in childhood (Wachs, 2000b).
Infants with iron-deficiency anemia show a behavioral pattern characterized by lower
activity, lower reactivity, higher inhibition, and greater negative emotionality as compared
to nonanemic infants (Lozoff, 1998; Walter, de Andraca, Chadud, & Perales, 1989). Evi-
dence further suggests relatively permanent influences of iron-deficiency anemia upon
those aspects of central nervous system development and neurotransmitter metabolism
that may be related to variability in temperament (Lozoff, 1998).

Pre- and perinatal biomedical problems

Evidence on the relationship of prematurity and low birth weight to variability in tem-
perament in the first year of life is not highly consistent. As compared to full-terms,
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preterm infants have been characterized as being less difficult, less sociable, less
active–reactive, showing lower approach, having a lower threshold or having a more pos-
itive mood than full-terms (Garcia-Coll, Halpern, Vohr, Seifer, & Oh, 1992; Newman,
O’Callaghan, et al., 1997; Prior, Sanson, & Oberklaid, 1989; Sajaniemi, Salokorpi &
vonWendt, 1998). However, other studies report no relation between temperament and
perinatal characteristics like low birth weight (Riese, 1994) or weight for gestational age
(Robson & Cline, 1998). Part of the difference may reflect the fact that preterm infants,
particularly if they are small for gestational age, appear to show lower stability in tem-
perament over time than either full-term infants or preterm infants who have birth
weights that are appropriate for their gestational age (Gennaro, Medoff, & Lotas, 1992;
Riese, 1992).

Whether differences in temperament associated with preterm births or low birth
weight are directly related to these birth problems or are an indirect consequence of such
problems remains an open question. Maternal smoking has been associated both with an
increased risk of preterm births (Christen & Christen, 1998) and with increased neona-
tal irritability (van den Boom & Gravenhorst, 1995). Similarly, factors that covary with
preterm births such as an increased risk for intraventricular hemorrhage, longer hospi-
talization, and greater use of ventilation have also been associated with variability in 
temperament during the first year of life (Garcia-Coll et al., 1992).

Biomedical syndromes

A popular stereotype is that Down’s syndrome children are more likely to have an easy
temperament than are non-Down’s children. However, the evidence supporting this
stereotype is not particularly strong. While some studies do show that Down’s children
are overrepresented in the easy temperament category and underrepresented in the diffi-
cult temperament category (Ratekin, 1996), other studies report Down’s syndrome chil-
dren as being either more difficult (Goldberg & Marcovitch, 1989) or that there are no
differences in temperament in Down’s syndrome and normal children (Vaughn, 
Contreras, & Seifer, 1994). However, at least some support for this stereotype may be
seen in evidence suggesting that the stability of difficult temperament in normal children
is greater than the stability of difficult temperament for Down’s syndrome children, who
tend to show more easy temperament patterns as they grow older (Goldberg & 
Marcovitch, 1989; Vaughn et al., 1994).

Psychosocial Environmental Influences

While temperament is fundamentally a biologically rooted trait, even the most biologi-
cally based temperament theories allow a role for the environment (e.g., Buss & Plomin,
1984; Rothbart & Derryberry, 1981). In referring to the role of environmental influences
on individual differences in temperament patterns we are not referring to cultural differ-
ences in the consequences of temperament, which will be discussed later in this chapter.
Rather, we are referring to evidence indicating that the nature of children’s temperament
patterns can be changed by environmental factors, particularly when these factors operate
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cumulatively over time. In understanding environmental contributions to temperament,
it would be easy to assume that the environment primarily influences the behavioral man-
ifestations of individual variability in temperament. However, such an assumption may
not be correct. Environmental characteristics have been shown to influence both central
nervous system development (Greenough & Black, 1992) and the operation of neural-
hormonal systems (Gunnar, 1994), both of which form the biological basis of tempera-
ment. Hence, environmental contributions to temperament may operate both at a
behavioral and a biological level. Evidence for the role of environmental influences upon
individual differences in temperament patterns comes from several sources.

Change in temperament

In studies that concurrently measure temperament and environment it is often difficult
to distinguish whether it is the child’s environment influencing his or her temperament
or the child’s temperament influencing the characteristics of his or her environment
(Crockenberg, 1986). Longitudinal investigations in which environmental assessment
precedes measurement of temperament, or in which change in temperament is the
outcome variable, offer one way of dealing with this potential confound. Two domains
of temperament that have been identified by longitudinal studies as being particularly
sensitive to environmental influences are negative emotionality and inhibition. Increases
in infant’s negative emotionality have been associated with lower parental involvement
(Belsky, Fish, & Isabella, 1991), a lack of parental responsivity to infant distress (Wachs
et al., 1993), and living with parents who have high levels of marital problems (Belsky
et al., 1991; Engfer, 1986). A reduction in infants’ negative emotionality was related to
more responsive, sensitive caregiving (Belsky et al., 1991) and living with mothers who
had higher levels of social support (Fish, 1997). Evidence also indicates that children who
are highly inhibited early in life became less inhibited over time if their parents were less
“over-solicitous,” setting firm age-appropriate behavioral limits, responding less to infant
distress and more to infant positive affect, and being more intrusive in their children’s
lives (Arcus, 2001; Park, Belsky, Putnam, & Crnic, 1997). Similarly, toddlers who show
stable patterns of behavioral inhibition across laboratory task situations have mothers who
are over-solicitous and who keep their child from practicing appropriate coping skills
(Rubin, Hastings, Stewart, Henderson, & Chen, 1997). One reason for this seemingly
paradoxical finding of positive changes appearing to be related to what seems to be less
sensitive parenting is that inhibited infants who are not overly protected may learn better
coping strategies for dealing with minor stresses in the relatively familiar and safe envi-
ronment of the home (Arcus, 2001).

The physical context

A second way of dealing with potential temperament–environment confounds is to look
at environmental contexts that are potentially less sensitive to the influence of child tem-
perament. One such context is the physical environment – the stage or setting upon which
social transactions between child and caregiver take place (Wohlwill & Heft, 1987). One
aspect of the physical environment that has been related to temperament is environmental
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chaos, which involves factors such as crowding and high levels of nonhuman noise in the
home. Several studies have reported that higher levels of environmental noise, confusion,
and crowding in the homes of toddlers in the second year of life are associated with less
“tractability” and the child’s having more intense negative moods (Matheny et al., 1987;
Wachs, 1988).

Intervention studies

In intervention studies specific aspects of the child’s environment are manipulated and
the effect of this manipulation upon changes in temperament is described. Using a sample
of highly irritable 6-month-old infants, van den Boom (1994) has reported that short-
term training of mothers in a special program designed to increase maternal sensitivity
and responsivity resulted in higher levels of infant sociability and self-regulation, and
lower levels of negative emotionality, as compared to highly irritable infants whose
mothers were not enrolled in this type of training program. However, such short-term
interventions may have time-limited effects, at least for some temperament dimensions.
Specifically, 27 months after the intervention had terminated, while infants whose
mothers had received the intervention were independently coded as more cooperative,
there were no group differences on measures of positive or negative emotionality (van den
Boom, 1995). Time-limited intervention effects highlight the importance of continuing
interventions, particularly for infants who may have temperament patterns that may place
them at later developmental risk (see the section on temperament and child behavior
problems later in this chapter).

Taken together, the evidence from these three lines of research converges on a con-
clusion that at least some aspects of temperament can be influenced by environmental
factors. This evidence does not contradict conclusions about the essential biological nature
of temperament, but does underline the fact that an understanding of individual vari-
ability in temperament requires us to go beyond pure biological influences.

Gender Differences

The role of gender in the etiology of temperament can be viewed as both a biological
(chromosomal, hormonal) and environmental (differential treatment) set of influences.
Overall, there is a good deal of inconsistency in the literature relating different dimen-
sions of temperament to gender, particularly in the first year of life (Martin, Wisenbaker,
Baker, & Huttenen, 1997). However, at least two sets of findings suggest an increasing
relation between gender and temperament after 12 months of age. First, there is a 
consistent body of evidence showing that males have a higher activity level than 
females (Eaton & Enns, 1986; Prior et al., 1989), particularly after the first year of life
(Martin et al., 1997). Second, males show higher levels of approach behavior than females
(Prior et al., 1989; Rothbart, 1989), or alternatively, females are higher in inhibition 
than are males (Robinson et al., 1992). While these differences may reflect biological 
influences, evidence indicating that there are stronger correlations between maternal
behavior and activity and shyness for females than for males suggests that not all of the
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gender differences can be clearly ascribed to biological influences (Stevenson-Hinde &
Hinde, 1986).

Summary

What has been documented in this section is that while temperament consists of bio-
logically rooted phenomena, its biological roots encompass many potential influences,
including genetics, nutrition, and biomedical factors. Further, the multidetermined
nature of individual differences in temperament is further documented by evidence sug-
gesting that environmental influences also play a role in the etiology and the develop-
ment of such individual differences.

Consequences of Individual Differences in Temperament

Temperament and Later Personality

In some theories, “early-emerging personality traits” are one of the definitional criteria
for temperament (Buss & Plomin, 1984). Some personality theorists have argued that
temperament is not the starting point for later personality, but rather that temperament
and personality essentially reflect the same basic tendencies that are expressed differently
at different ages (Costa & McCrae, 2001). Implicit in both points of view is the idea that
there should be linkages between early temperament in the infancy and preschool period
and later adult personality. Second-order factor analyses of multiple personality ques-
tionnaires often find similar structures of between three and five dimensions (Caspi, 1998;
Digman, 1990; Goldberg, 1993; Zuckerman, 1991). The leading model at this time is
the five-factor model, with the following dimensions: Extraversion, involves sociability,
emotionally positive interest in novel objects, and active efforts to dominate the envi-
ronment. Agreeableness concerns friendly, trusting, cooperative responses to others. Con-
scientiousness is characterized by attentiveness to task demands, reflection before action,
and persistent efforts to meet others’ expectations. Neuroticism refers to anxious, inhib-
ited, tense behavior and proneness to distress. Finally, openness, sometimes called intel-
lect, involves curious, intellectually explorative and creative traits.

Given both a starting point (infant temperament dimensions) and an end point (the
Big 5 dimensions in adulthood), a number of conceptual schemes have been proposed
that link infant temperament to the Big 5 (Ahadi & Rothbart, 1994; Hagekull, 1994).
For example, early self-regulation and task persistence in infancy and the preschool period
have been considered as the developmental antecedents of adult conscientiousness 
(Kohnstamm, Zhang, Slotboom, & Elphick, 1998), while early sociability has been con-
ceptually linked to later adult agreeableness (Hagekull, 1994). Infants differ on how pos-
itively responsive they are to people and objects (conceptually relevant to extraversion).
They also differ on how prone to distress and inhibition or how fearful they are in the
presence of novelty (an early analog of neuroticism). Infants also differ on how they 
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persist in attention (possibly an early analog of conscientiousness). Unfortunately, for the
most part such theoretical speculation has far outrun the availability of data on this 
question (Caspi, 1998). There is evidence available linking infant temperament to 
childhood temperament and childhood temperament to adult personality, as well as evi-
dence showing that dimensions of infant and childhood temperament can be classified
using the Big 5 framework (for reviews of this evidence, see Caspi, 1998; Halverson,
Kohnstamm, & Martin, 1994; Kohnstamm, Halverson, Mervielde, & Havill, 1998).
However, overall there is little empirical evidence on the critical question of whether there
are links between infant temperament and adult personality. Further, what little evidence
is available on this question often cannot be encompassed easily within a Big 5 person-
ality framework.

Three longitudinal data sets are of particular relevance in regard to the question of
linkages between early temperament and later personality. The Fels study is based on
repeated home observations assessing children’s behavioral patterns over the first several
years of life. Follow-up of infants in this sample into early adolescence (10–14 years) was
based on use of personality tests and observation of behavior patterns in school; in adult-
hood follow-up interviews were used (Kagan & Moss, 1962). Data from the Dunedin
study is based on behavior ratings of children when they were age 3, which were then
used to form five clusters of children with different behavioral patterns: undercontrolled,
inhibited, confident, reserved, and well adjusted. At age 18 personality questionnaires
assessing constraint and positive and negative emotionality were utilized. In adulthood
friends and family did behavioral ratings of individuals in this study using rating dimen-
sions that were consistent with the five-factor model of personality (Caspi & Silva, 1995;
Newman, Caspi, et al., 1997). In the Bloomington longitudinal study mothers reported
on their infant’s temperament using the Infant Characteristics Questionnaire, and both
maternal and self-report on the Big 5 Personality Questionnaire were used to categorize
the child’s personality at 17 years of age (Bates & Bayles, 1984; Lanthier & Bates, 1995).
Not all information from these three data sets is directly relevant to our question of link-
ages between early temperament and later personality, but those findings that are most
relevant are summarized in Table 17.4. Where it seemed appropriate we have put in paren-
theses the dimensions of temperament or personality that appear to be tapped by the
characteristics assessed in the original studies.

As can be seen from Table 17.4, there are a number of significant linkages in the
expected direction between early temperament and later personality in each of the indi-
vidual studies. These include a significant negative relation between early sociability and
later introversion, between early inhibition and later sociability, and between early resis-
tance to control and later agreeableness. Similarly, there are also positive relations between
later neuroticism–maladjustment and prior undercontrol and unadaptability. However,
this table also shows that many of the observed relations that might be expected from
theory are nonsignificant or do not replicate across studies (e.g., infant difficultness and
later agreeableness; infant sociability and adolescent or adult introversion–extraversion;
early self-control and later neuroticism). Part of the nonsignificance or lack of replication
may reflect methodological factors, such as a heavy reliance on adolescent or adult 
self-report data. However, it is of interest to note that there were no major long-term 
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predictive differences in the Dunedin study for the three largest clusters of children whose
early temperament characteristics defined them as confident, reserved, and well adjusted.
Further, some of the significant relations that were found would not necessarily be 
predicted from current temperament or personality theory – e.g., the significant positive
correlation between early negative emotionality and later indices of self-regulation in the
Fels data.

Should we expect linkages between early temperament and later personality?

To the extent that temperament is either isomorphic with or the precursor of later per-
sonality dimensions we should expect linkages between early temperament and later 
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Table 17.4 Linkages between temperament in the first 3 years of life and adolescent and adult 
personality

Study Major findings

Fels Early passivity (inhibition) unrelated to adult withdrawal from 
stressful situations. Early behavioral disorganization (negative 
emotionality) unrelated to adolescent negative emotionality, or 
to ease of adult anger arousal (reactivity); early disorganization 
is related to adult repression of angry thoughts (self-regulation) 
for males but not for females. Early social spontaneity is 
unrelated to adult social spontaneity but is related to adult 
social tension (introversion) for males, though not for females.

Dunedin adolescent sample Early inhibition and reserve is significantly related to later 
constrained behavior in adolescence. Early undercontrol (low 
self-regulation) significantly related to lower constrained 
behavior and higher negative emotionality in adolescence. Early 
differences in positive emotionality unrelated to later behavioral 
patterns in adolescence.

Dunedin adult sample Early inhibition related to lower communality (sociability), lower 
culture (openness to experience), and higher maladaptive 
behavior (neuroticism) in adulthood. Early undercontrol related 
to higher maladaptive behavior, lower culture, and lower 
conscientiousness in adulthood. Early reserved behavior 
unrelated to later adult personality.

Bloomington Infant resistance to control negatively related to agreeableness at 
17 years of age; infant difficultness negatively related to age 17 
extraversion; low infant adaptability related to higher 
neuroticism at age 17; infant sociability related to lower 
neuroticism and greater openness to experience at age 17. 
Infant sociability unrelated to later extraversion; infant 
difficultness unrelated to later agreeableness; neuroticism at age 
17 unrelated to earlier resistance to control or difficultness.



personality. To the extent that there is a common genetic substrate underlying both 
temperament and personality dimensions we should also expect linkages (Wachs, 1994).
Further, to the extent that individual differences in temperament influence both the types
of reactions elicited from others and the types of environmental “niches” that individu-
als select into we should also expect temperament–personality continuity, since differen-
tial reactivity and niche selection act to stabilize temperament over time and temperament
dimensions ultimately shade into characteristic adult personality dimensions (Caspi,
1998). For example, inhibited children having less experience with standard peer social
interactions are less likely to respond appropriately to such interactions when they occur.
Carried over time we would expect to see an increase in social isolation for children who
are originally inhibited (Caspi, Elder, & Bem, 1988). Further, as adults, individuals who
are initially inhibited would be more likely to marry other individuals with a similar per-
sonality pattern, thus further strengthening linkages from early temperament to later per-
sonality linkages (Caspi & Herbner, 1990).

Alternatively, looked at in a different light we should not necessarily expect such
processes to automatically produce linkages between temperament and personality. 
One necessary requirement for expecting linkages between temperament and personality
is that both phenomena are relatively stable. However, available evidence indicates 
only moderate degrees of stability for either temperament (Slabach et al., 1991) or per-
sonality (Alwin, 1995). In part, such modest stability may reflect different gene systems
coming on-line at different time periods leading to discontinuity (Goldsmith, 1988), or
to environmental influences acting to change individual developmental temperament 
patterns as discussed above. Further, it is unrealistic to expect individual differences in
temperament to automatically elicit stable patterns of reactivity from others in the envi-
ronment or to automatically promote stable patterns of niche selection by the individ-
ual. Evidence in regard to the former point will be discussed in the following section. In
regard to niche selection acting as a stabilizing force, the child’s ability to select stable
environmental niches will vary as a function of the availability of niches for individuals
with a given temperament living in a given culture during a given time period (Wachs,
1996). For example, Kerr (2001) has shown that the occupational niches available to
males with inhibited temperaments are much more restricted in the United States 
than in a culture such as Sweden, where inhibited behavior is not looked upon as a 
disadvantageous trait.

An example illustrating the probabilistic nature of the processes governing linkages
between temperament and personality is shown in Figure 17.1. As seen in this figure,
even for two children at the same initial level of inhibited temperament there are a variety
of potential intervening factors that can act to shape whether or not such an individual
ends up with an adult personality characterized as extraverted or introverted. Besides the
contextual factors shown in Figure 17.1, other individual characteristics can also act to
moderate potential linkages between temperament and personality. For example, less
intelligent inhibited children appear to have greater difficulty shifting toward an unin-
hibited behavioral pattern than do more intelligent inhibited children (Asendorpf, 1994).
At present, both theory and the overall pattern of evidence suggest that we should not
necessarily assume that temperament and personality are invariably or even logically
linked together.
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Temperament and Child–Caregiver Relations

A fundamental assumption deriving both from the New York Longitudinal Study
(Thomas et al., 1968) and from behavioral genetic research (Plomin, DeFries, & Loehlin,
1977) is that children with specific temperaments will elicit specific patterns of reactiv-
ity from their parents. For example, parents will likely react to highly intense difficult
infants in ways that will lower the level of their child’s behavior, but will attempt to raise
the child’s level of behavior if their child is overly passive (Bell & Chapman, 1986).
However, it is essential to emphasize that relations between temperament and caregiver
behavior patterns are probabilistic and not deterministic in nature. Having a specific tem-
perament will increase the probability of eliciting certain reactions from caregivers but
does not guarantee it. A variety of nontemperament factors can alter the degree to which
variability in individual temperament is related to variability in caregiver reactions. For
example, parents who are skilled in disciplinary techniques would not respond as emo-
tionally to children with difficult temperaments. In addition, the consequences of a given
temperament trait will depend upon the nature of other temperament traits possessed 
by the child (Rothbart & Bates, 1998). For example, caregiver reactions may be quite 
different for a highly irritable, highly soothable child, as compared to an equally highly
irritable child who is not soothable.
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Initial temperamental trait:
Child A & Child B equally
Inhibited.

Child A Child B

Potential Environments

Social microenvironment

Physical microenvironment

Nonfamily: Peer groups

Mesosystem: School
environment

Personality outcomes in
adulthood

Caregivers (parents) who are
sensitive, but who do not reward
their child’s fearful behaviors and
who place age-appropriate
demands on their child

Caregivers who use inappropriate
“low-level control” and attempt to
force their child into new situations
or who reinforce their child’s
fearful behaviors

Presence of “stimulus shelters”
or “defensible spaces,” which
the child can retreat to when
there is too much stimulation

The child continually
encounters noisy, chaotic
environments that allow no
escape from stimulation

Peer groups have other
inhibited children with
common interests, so the child
feels accepted

Peer groups consist of athletic
extraverts, so the child
feels rejected

School is “undermanned,” so
children are more likely to be
tolerated and feel they can
make a contribution

School is “overmanned,” so
children are less likely to be
tolerated and feel undervalued

Child A closer to extraversion
and emotional stability poles

Child B closer to introversion
and neuroticism poles

Figure 17.1 Proposed transition paths between early temperament and later personality (adapted
from Wachs, 1994).



Our assumption of the probabilistic nature of caregiver reactivity to infant tempera-
mental characteristics is supported by evidence relating infant temperament to
parent–child relationship patterns. Particularly during the first year of life evidence is
clearly mixed. Some studies have reported differences in interaction patterns by caregivers
of irritable versus caregivers of non-difficult temperament infants (Lounsbury & Bates,
1982; van den Boom & Hoeksma, 1994). However, other well-designed studies have
reported few significant relations between early infant temperament and subsequent 
caregiver behavioral patterns (Pettit & Bates, 1984; Worobey & Blajda, 1989).

There have been a variety of attempts to explain such an inconsistent pattern of evi-
dence. It has been suggested that the influence of infant temperament upon caregiver
behavior patterns is most likely to be found for infants with extreme temperament traits
(Clarke & Clarke, 1988). Alternatively, it has been argued that neurologically driven
inconsistencies in the expression of infant temperament over the first year of life make it
difficult for parents to detect a consistent behavioral pattern they can consistently react
to (Wachs & King, 1994). Based upon measurement considerations discussed earlier in
this chapter, it is possible that parents are adjusting to temperament characteristics of 
their infant, but that the pattern of parental adjustment is too subtle to be detected by
short-term observations. At present there is little evidence available on any of these
hypotheses.

What evidence is available on this question suggests the need to look longitudinally
at moderation of parent reactivity to infants with different temperaments. Studies looking
at trajectories of caregiver behavior over time suggest a pattern of declining involvement
by parents toward fussy difficult infants (Maccoby, Snow, & Jacklin, 1984; van den Boom
& Hoeksma, 1994). While studies of developmental trajectories suggest there is differ-
ential reactivity, depending upon the specific time point chosen one could see either dif-
ferences or no differences in parent reaction to temperamentally difficult infants.

Alternatively, a second explanatory framework involves moderation of relations
between infant temperament and caregiver behavior patterns as a function of specific
infant and adult characteristics. Moderators of potential linkages between temperament
and caregiver behavior patterns can include child characteristics such as age and gender,
parental preference for certain types of child behavior patterns, child or parent nutritional
status as well as higher-order contextual characteristics (Slabach et al., 1991; Wachs,
1992). Other potential moderators that have been identified include maternal substance
abuse (Schuler, Black, & Starr, 1995) and maternal attitudes about how responsive they
should be toward their infant (Crockenberg & McCluskey, 1986). Thus, within a prob-
abilistic framework it is not surprising to find that experienced mothers or mothers who
believe they have the capability to influence their infants’ behavior reacted differently to
their fussy difficult infants than did less experienced mothers or mothers who were unsure
about their ability to cope (Cutrona & Troutman, 1986; Lounsbury & Bates, 1982).

What seems clear from the above evidence is that if we are to understand how and
when infant temperament acts to influence caregiver behavior patterns, it is essential to
go beyond just temperament and look at temperament as part of a larger system involv-
ing contributions from nontemperament child and adult characteristics. An essential part
of such a system will be bidirectional influences between temperament and parent char-
acteristics, with infant temperament acting to influence parent characteristics, which in

Temperament 487



turn influence the subsequent nature of infant temperament. Examples of such bidirec-
tional influences are seen in a variety of studies (Crockenberg & McCluskey, 1986;
Maccoby et al., 1984; Thoman, 1990). For example, Engfer (1986) has shown that while
maternal sensitivity in the neonatal period relates to lower infant difficultness at 4 months
of age, infant difficultness at 4 months predicts lower maternal sensitivity at 8 months,
which in turn predicts level of child difficultness at 18 months of age. Rather than a main
effect model of temperament Æ parental behavior, what the available evidence suggests
is a more transactional framework. Within such a framework child temperament can act
to influence caregiver behavioral patterns; these subsequent caregiver behavior patterns in
turn can act to influence subsequent child temperament (temperament Æ environment
Æ temperament).

Temperament and Abnormal Development

Can temperament traits of infants and toddlers forecast their risk for later development
of adjustment problems? We use the term adjustment to describe not just the presence
or absence of psychopathology, but also the presence or absence of positive traits such 
as prosocial orientation and creativity. This is a question of considerable interest, 
especially to clinically oriented developmental psychologists. In broadest overview, 
the literature does show linkages between children’s temperament and their adjustment
(Rothbart & Bates, 1998). The literature is too young for this conclusion to be beyond
question, but it is relatively robust at this point. The literature on temperament–
adjustment linkages can be divided into studies showing direct links and studies showing
indirect links.

Direct links

First, we consider direct predictions from temperament to adjustment. Most relevant to
this issue are several projects showing predictions from early temperament to adjustment
in subsequent years. These projects include the Bloomington Longitudinal Study (Bates &
Bayles, 1988; Bates, Bayles, Bennett, Ridge, & Brown, 1991; Bates, Maslin, & Frankel,
1985; Lee & Bates, 1985), the Dunedin study (Caspi & Silva, 1995; Caspi, Henry,
McGee, Moffitt, & Silva, 1995), the Australian Temperament Project (Pedlow, Sanson,
Prior, & Oberklaid, 1993; Sanson, Prior, & Kyrios, 1990), and the Fullerton Longitudi-
nal Project (Guerin & Gottfried, 1986; Guerin, Gottfried, & Thomas, 1997), as well as
individual studies by Hagekull (1994) and by Rothbart, Ahadi, and Hershey (1994).
These studies provide support for what we have called “differential linkage” (Bates,
1989a,b; Bates, 1990; Rothbart & Bates, 1998). This term means that specific tempera-
ment constructs can be differentially linked to specific dimensions of adjustment in later
years. As described earlier in this chapter, temperament can be measured as a set of rela-
tively independent dimensions, and longitudinal studies of measures of temperament tend
to find differential continuity within dimensions (Bates & Bayles, 1984). This continues
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into measures of adjustment outcomes: Early fearfulness is not always linked to later psy-
chopathology, but when it is, it is typically more strongly linked to internalizing prob-
lems – such as anxiety or depression – than to externalizing problems – aggression and
disinhibition. On the other hand, early unmanageability and unresponsiveness to care-
giver controls are linked more strongly to later externalizing problems rather than to inter-
nalizing problems. Negative emotionality traits in infancy or early childhood are equally
predictive of both kinds of adjustment problem. Given the negative emotions frequently
observed in both internalizing and externalizing problems, this seems appropriate. The
correlations that have been reported reflect small to moderate effect sizes, and the pattern
is not always the same, but overall there does appear to be consistency in the findings.
The pattern suggests continuity from early temperament into profiles of adjustment in
childhood.

The meanings of the observed linkages between early temperament and later adjust-
ment have been questioned on methodological grounds. It is sometimes argued (e.g.,
Belsky, Hsieh, & Crnic, 1998) that temperament–adjustment correlations are only found
when both the temperament and adjustment measures are from parent report. To the
extent this is correct, biased perceptions in the source of information about both the
antecedent and outcome variables might be the explanation of the predictive relationship.
For example, a parent who sees life in a more generally negative way is more likely to see
the child’s behavior in a negative way. However, there are at least two counterarguments:
First, the differential linkage pattern just described suggests that if biased perception is
operating it is certainly a more complex and differentiated perceptual bias than has been
previously considered in research on personality questionnaires. The second counterargu-
ment is the fact that the relations are shown across sources. For example, Caspi et al.
(1995) showed relations between experimenters’ ratings of children’s temperament and
adjustment ratings by both parents and teachers, while Bates, Pettit, Dodge, and Ridge
(1998) showed relations between early parent reports of temperament and later outcomes
as reported by both parents and teachers. Likewise, Guerin et al. (1997) reported 
predictions from parent reports of temperament in infancy to teacher reports in middle
childhood.

Another methodological issue that has been repeatedly discussed in the literature
involves “contamination” of measures. Contamination is not simply a methodological
issue, but also a conceptual issue, returning us to questions of how separate temperament
should be from other psychological domains. The basic concern is that the questionnaires
that measure temperament and adjustment have some overlap in item content so the tem-
perament–adjustment linkage would be an artifact of measuring the same thing, espe-
cially for temperament and internalizing behavior problem scales (Sanson et al., 1990).
Conceptually, there is no compelling reason why the temperament and adjustment
domains should be completely nonoverlapping. Indeed, given that there are predictive,
differentiated relations between various temperament dimensions and later adjustment,
some of which are cross-informant, it seems likely that there are meaningful develop-
mental linkages between the domains of temperament and adjustment. Sheeber (1995)
has argued that if measures of temperament and behavior problems are assessing the same
construct, then parent participation in an intervention program designed to deal with
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child behavioral problems should produce parallel changes in both parent behavior
problem and temperament ratings. In fact, rating changes occurred only for behavior
problem and not temperament ratings, which lends empirical support to the hypothesis
that linkages between temperament and behavior problems are not simply an artifact of
contaminated measures (Sheeber, 1995). Further support comes from Lengua, West, and
Sandler (1998), who identified and removed items from temperament scales that had
overlap with psychopathology symptoms. Lengua et al. found that children’s tempera-
ment still correlated with their symptoms, in a differentiated pattern like the one we have
described, even after the temperament scales were “decontaminated.”

In brief, there are some replicated findings of early temperament directly predicting
later adjustment in children in a conceptually coherent way. However, the amounts of
variance accounted for in these findings have tended to be moderate, leaving consider-
able room for intervening processes to facilitate or impede any temperament–adjustment
correlation, in addition to the usual limitations of accuracy of measurement. Apparently,
what is seen in the infant or toddler’s temperament does not necessarily become trans-
lated into comparable individual differences in later childhood. Such a conclusion is
similar to what we pointed out previously in regard to the question of the continuity of
temperament to personality. This brings us to a consideration of indirect links between
temperament and adjustment.

Indirect links

While there are a number of possible indirect processes (Rothbart & Bates, 1998), the
two we are especially interested in involve the interaction of one temperament trait with
another and of a temperament trait with characteristics of caregiving. There are very few
empirical examples of predictions from temperament to adjustment being moderated 
by another temperament variable. One of the few important examples we have is from
Eisenberg, Fabes, and their colleagues (1995), who reported that children’s negative 
emotionality predicted later behavior problems more strongly when the child’s self-
regulation was low or medium rather than when it was high.

The number of replicated findings of temperament–environment is still small relative
to the number of direct, main-effect linkages between temperament and adjustment
(Bates & McFadyen-Ketchum, in press). One such replicated finding has been docu-
mented by Kochanska (1991, 1995, 1997; also see Colder, Lochman, & Wells 1997).
Children who were temperamentally fearful in a novel situation were likely to show, con-
currently and in the future, more complete development of internalized self-control or
conscience when their mothers were relatively gentle in their control of the child rather
than harsh. On the other hand, relatively fearless children’s development of conscience
was essentially unrelated to the gentleness of maternal discipline. However, fearless chil-
dren did show higher levels of conscience, such as cheerful compliance or resistance to
temptation, when their mothers reported that they had a secure attachment relationship
with the child. This finding is an example of how the adjustment implications of a par-
enting characteristic can be moderated by the temperament of the child. A second 
temperament–parenting interaction effect focuses upon the other vantage point – how
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implications of temperament are moderated by parenting. Bates et al. (1998) found, in
two separate studies, and with both mother-reported and teacher-reported outcomes, that
parent reports of temperamental resistance to control (unmanageability) measured in early
childhood predicted later externalizing behavior problems more strongly in cases where
the mothers had been observed to be low rather than high in frequency of controlling
the child’s behavior. Theoretically, this may partly reflect the high-control mother being
more persistent in countering a high level of child resistance to control, and ultimately
succeeding in getting such a child to be more responsive to social limits, as opposed to
falling into coercion traps with the child or giving free rein to the child’s temperamental
unmanageability (Patterson, 1982).

In summary, temperament does show an interesting, conceptually coherent pattern of
predictions to later behavioral adjustment. However, the effect sizes found for tempera-
ment as a predictor of adjustment are small enough to emphasize the need for further
work on measurement of the temperament and adjustment constructs, as well as on the
moderating effects of other temperament variables and environmental variables.

Practical Implications

A large part of the interest in temperament has stemmed from the hope that knowledge
of a child’s temperament will ultimately help in promoting optimal development (Bates,
1989b). Perhaps this already occurs, in relatively intuitive ways, as sensitive, accepting
parents, teachers, and other caregivers work with their children. At the current time, we
cannot say that there are empirically validated clinical assessments and treatments based
on temperament. We have described elsewhere a number of ways in which more explicit
applications of temperament concepts can be made (Bates, 1989b; Bates, Wachs, &
Emde, 1994). Here we will give just a few examples.

In child psychiatry and clinical psychology, Chess and Thomas (1986) have provided
parents and children guidance that frames adjustment problems in terms of conflicts
between children’s temperament characteristics and the expectations and responses of the
environment. For example, a child who initially shrinks back from novel situations could
come into conflict with parents who insensitively push and criticize the child and are 
critical of a lack of initiative; however, if the parents and child can appreciate the adjust-
ment problem as a temperament–environment fit problem, they can take more adaptive
steps to solve the problem. Such “re-framing” interventions are used by a number of other
clinicians in treatment of behavior problems. For example, at the Indiana University clinic
for treatment of Oppositional Defiant Disorder, we often frame children’s dominating
behaviors as partly rooted in a temperamental style that parents can appreciate but still
shape into more acceptable behavioral expressions. Cameron and his colleagues (e.g.,
Cameron, Hansen, & Rosen, 1989) have found some value in giving anticipatory guid-
ance to parents in a large health maintenance organization, sending written material that
describes how a child of a given temperament profile may respond to imminent devel-
opmental challenges.
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In the field of educational psychology there have been a number of studies of child-
hood temperament traits associated concurrently with school performance. Specifically,
low activity level and higher attentional persistence are associated with higher levels of
learning performance (Keogh, 1989; Martin, 1989). Along the same lines Matheny
(1989b) has reported higher levels of cognitive performance by infants and children with
more “tractable” temperaments, characterized by better adaptability, more positive mood,
and more social orientation. It may be that less tractable children are more focused on
negative contextual features in their surroundings and are thus less able to incorporate
developmentally facilitative stimuli, as might occur in a preschool or school classroom.
These findings clearly have implications for identifying children who may be at risk for
school failure.

In pediatrics and pediatric psychology, there are also a number of practitioners using
temperament ideas. Most notable are the continuing efforts by Carey to help practition-
ers distinguish between core temperamental characteristics of a child that may contribute
to management problems and a meaningfully diagnosable disorder. Carey (1999) argued
that much of the current diagnosis of Attention Deficit Hyperactivity Disorder fails to
take into account normal variations in children’s temperament. There are many other pos-
sible applications in this general area. For example, Matheny (1989a) has suggested that
prevention of accidents in young children might be facilitated by assessment of children’s
temperament.

Given the cost and limited successfulness of treating many forms of adjustment
problem, it is ultimately hoped that problems can be prevented. Perhaps when the
processes involved in temperament–adjustment linkage are better understood, tem-
perament assessed early in life can be a tool in helping caregivers provide more optimal
environments, better suited to the particular needs of the child. For example, van 
den Boom (1994) found that infants who were extremely irritable in the neonatal period
were at risk for receiving relatively unresponsive parenting and for forming insecure
attachments by the end of the first year. However, if the mothers of such infants were
given a moderate amount of special training in responsiveness, the infants grew to be
better modulated and the attachment outcomes were more positive. Perhaps comparable
effects might be found ultimately in interventions based on the temperament–parenting
interaction effects that were reviewed in this chapter, providing caregivers precisely tar-
geted management strategies for fearful versus fearless and resistant versus nonresistant
toddlers.
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Part III

Risk Factors in Development

Introduction

This section covers some of the major risk factors in infancy, including prenatal risk,
poverty, mental and adjustment disorders, and sensory deficits. Additional potential risk
factors such as prematurity, maternal employment and day care, safety, and nutrition, are
discussed in Part IV, Contexts and Policy Issues.

The chapter by Fifer, Monk, and Grose-Fifer gives a detailed portrait of development
during the prenatal period. This chapter focuses on both physiological development (espe-
cially the neurophysiology) and on behavior. Due to advances in fetal monitoring, a great
deal more is known about human fetal behavioral development than even a few years ago.
The authors point out the complex linkages between the environment of the womb and
the development of the fetus, revealing that fetal development is not entirely genetically
controlled. These linkages become particularly salient when the fetus is exposed to toxins
that result in higher risk for birth defects. The chapter also covers risk factors associated
with genetic and chromosomal abnormalities.

Powell’s chapter focuses on intervention programs for infants at risk due to factors in
the family environment, particularly the effects of poverty. How is this risk to be allevi-
ated? Despite the importance of this question, Powell’s careful review of research shows
that the answers are surprisingly unclear due to variability between programs, between
communities, and between research methods used to evaluate the programs. One clear
finding is that parent education alone is not likely to have a significant impact on family
functioning. Parent education, when combined with early education and enrichment 
for infants, is more likely to effectively support the healthy development of families at 
risk.

The chapters by Ozonoff and South, and by Gelfand, deal with risk associated with
infant mental health factors. Gelfand offers a comprehensive overview of the important
social and policy issue of making mental health diagnoses for infants. She places the
current concerns for infant mental health into a historical and research context that has
gradually accepted the value of diagnosis and treatment of infant psychological disorders.
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She gives a complete overview of the current categories of infant adjustment disorders
found in the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-
IV) of the American Psychiatric Association, and the International Classification of Dis-
eases (ICD-10) of the World Health Organization. One of those disorders, infantile
autism, is the topic of the chapter by Ozonoff and South. They give a thorough review
of the developmental deficits of autistic infants, the current theories that attempt to
explain it, and the current state of the research on the early diagnosis of autism. Because
autism is relatively rare, finding the early signs of it in the general population is difficult.
On the other hand, if convincing factors that distinguish autistic infants from those who
are not can be found during the first year, it may open new possibilities for treatment
and prevention.

The final chapter in this section, by Preisler, focuses on the development of infants
born deaf, blind, and deaf-blind. The parent–infant communication in these cases high-
lights both similarities and differences with normally developing infants. Preisler’s review
of research shows that the developmental course of the parent–infant relationship in
sensory-deficit infants is similar to that of normally developing infants, especially if the
parents have the skills to understand and to adapt to the child’s sensory abilities, and
allow the child to take an active part in the communication. Since parents often have
little experience with sensory deficits, they need education to enhance their abilities.
While the sensory worlds of these children are different from children without such
impairments, they may be protected from consequent social and emotional difficulties
under appropriate rearing conditions.
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Chapter Eighteen

Prenatal Development and Risk

William P. Fifer, Catherine E. Monk, and Jill Grose-Fifer

Introduction

As is the case throughout infancy, normal fetal development demands constant and
complex interactions between genes, environment, and the emerging organism. Although
certain developmental pathways are more highly canalized than others, that is, resistant
to perturbations, the opportunities for altering trajectories are infinite. Adverse effects
range from abnormal morphological and physiological growth to risks for adult-onset
disease. Maternal stress, nutrition, and exposure to toxins are some of the agents that can
play a role in causing changes in fetal development, which have implications for long-
term health and functioning.

Fuller appreciation now exists regarding the long-term implications of the prenatal
laying down of brain–behavior relationships. Up until recently, much of the child develop-
ment literature that has considered the fetal stage has primarily emphasized physical devel-
opment and/or malformations, with a focus on teratological risk factors. However, the
intensely dynamic nature of the developing, fetal brain–behavior relationships and the rel-
evance of this process for future functioning are becoming more and more evident. These
dynamic processes reflect continuous fetal adaptation to a changing uterine environment.

This perspective suggests a paradigm shift in the examination of influences on child
development. Although it is common to consider the postnatal environment, from socioe-
conomic status to parenting characteristics, as greatly affecting the child’s trajectory, fetal
research points to the striking relevance of the prenatal environment for fetal as well as
child development. The impact of the prenatal environment occurs on multiple levels,
from biochemical factors influencing gene expression in the fetus’s neuronal circuitry to
characteristics of the mother’s lifestyle affecting the fetal milieu.

More specifically, cells acquire identities, axons are guided from the periphery to target,
synaptic connections are induced and reinforced, and other cells are programmed to die
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based on and shaped by exquisitely timed, complex interactions between the genes and
environmental input. At another level, sensory development too is shaped by the prena-
tal environment. For example, what the mother ingests will affect not only the bio-
chemical supply for fetal neuronal growth but the future child’s eating habits as well.
Flavors and smells, as well as protein and vitamins, are passed on to the fetus. Therefore,
in addition to receiving the required nutrients, the future baby is learning food prefer-
ences too. Another way by which the maternal environment shapes the fetal environment
is via maternal mood. For example, exposure to life stress affects maternal physiology and
appears to be associated with long-term changes in their offsprings’ future behavior and
stress reactivity. These data suggest that mood-based alterations in maternal physiology
amount to a changed environment affecting the fetus, although the precise mechanisms
of such influence have yet to be established.

In what follows, we describe fetal neurobehavioral development throughout gestation
and, in particular, focus on the role of the in utero environment in facilitating – and alter-
ing – fetal growth and behavior. Until recently, the richness and complexity of both fetal
behavior and the in utero environment were inaccessible or largely ignored. The dynamic
and complex nature of these fetal–environment interactions demands multiple perspec-
tives as well as interdisciplinary research. Today, investigations from diverse disciplines
such as epidemiology, obstetrics, neurobiology, genetics, neonatology, and psychobiology
provide novel methods, perspectives, and results in the search for the fetal roots of human
behavior.

The First Trimester

The Developing Embryo

The window of opportunity for environmental shaping of infant development actually
opens prior to conception. For example, both male and female fertility is affected by nutri-
tion and stress (Negro-Vilar, 1993; Wynn & Wynn, 1994), smoking (Adlerete, Eskenazi,
& Sholtz, 1995; Fraga, Motchnik, Wyrobek, Rempel, & Ames, 1996) and alcohol con-
sumption (Grodstein, Goldman, & Cramer, 1994). Once the sperm and egg unite, the
genetic material from the mother and father combine to make a blueprint for infant devel-
opment, but ample opportunity will arise for environmental input. Once the egg has been
fertilized, it begins moving slowly through the fallopian tube to the uterus. The timing
of its arrival is critical in order for the pregnancy to be sustained. The uterine lining is
being made ready, under the influence of progesterone produced by the corpus luteum.
It has been suggested that dieting can reduce the size of the corpus luteum, causing insuf-
ficient hormone levels to sustain pregnancy (Wynn & Wynn, 1994). Once the blastocyst
reaches the uterus, it floats around for about three days, dividing continually. For con-
ception to be successful, the ball of cells has now to implant in the wall of the uterus.
Once the implantation has been successful, the embryo starts to secrete chemicals which
enable signals eliciting a series of adaptations to the state of pregnancy. For example, the
mucus in the cervix thickens to become a dense plug, which prevents any infection from
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entering the uterus and disrupting the pregnancy, and the immune system is modified so
that the tiny embryo is not attacked (Roth et al., 1996). When the blastocyst implants
in the uterine lining, the outer layer of cells, called the trophoblast, multiplies rapidly.
These cells perform many important functions in forming various protective and support
systems for the fetus. Some cells have already differentiated to form the amniotic sac,
which will contain the amniotic fluid in which the fetus will develop, and the yolk sac,
which is the early blood cell factory for the fetus. Some trophoblast cells fuse to form a
protective cushion around the amniotic sac (the chorion), while others aggregate to form
columns which stick to and then invade the uterine lining (chorionic villi). Recent
research has shown that the formation of these columns is an essential part of first
trimester placental growth, and that maternal smoking can actually decrease the number
of columns that are formed (Genbacev, Bass, Joslin, & Fisher, 1995). Recreational exer-
cise, on the other hand, is thought to have a beneficial effect and may even promote pla-
cental growth (Clapp & Rizk, 1992). Placental growth is largely dependent on the growth
of these villi, which gradually lengthen and then the tiny blood vessels within them
expand (Jackson, Mayhew, & Boyd, 1992).

The fetus is attached to the chorion via a short stem, which develops into the umbil-
ical cord by 14 weeks of pregnancy. It is at the very tip of the thread-like capillaries 
within the chorionic villi that the exchange of oxygen and nutrients from the 
mother’s blood vessels occurs. The blood of the fetus and mother do not intermingle (this
is why mother and child can have different blood types): Instead, substances (both 
beneficial and harmful) diffuse through the thin membranes separating the maternal and
fetal bloodstreams. Thus, the walls of the blood vessels act as a filter. The growth of the
placenta is influenced both by hormonal control and by metabolism, and recent scien-
tific evidence suggests that even some of the growth hormones may be under the influ-
ence of nutrients (Robinson et al., 1995). Not surprisingly, placental growth affects fetal
growth and, as will be discussed later, research also suggests that babies who are dispro-
portionately small at birth are at higher risk for coronary heart disease and hypertension
in later life. It has been suggested that these diseases are “programmed” by inadequate
nutrition to the developing fetus (Godfrey & Baker, 1995). (See subsequent section on
Nutrition.)

Nervous System Development

During the first few months of gestation, a hierarchy of control systems emerges 
within the nervous system that largely determines what the fetus is doing and when. 
The hierarchical structure becomes more complex as the fetus develops. The more 
functions in the fetus’s repertoire, the greater the need for organization by the nervous
system. Initially, the fetus’s behaviors are of a reflexive nature, and the circuitry con-
trolling them may consist only of a few sensory cells directly connected to some motor
cells, which may even be found in the spinal cord and work independently of the brain
(Hofer, 1981). The spinal cord is made up of nerves that carry messages back and forth
from the trunk and limbs to the brain. The types of behavior mediated by the spinal cord
are likely to be the early movements seen starting around 7–8 weeks of the pregnancy.
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The emergence of the senses follows a predetermined pattern of development that is
similar in all mammals. The first sensory system to develop is touch. By about 9 weeks,
if the area around the lips is touched, the fetus will respond by moving. By 12 weeks the
fetus will begin to make grasping movements when the fingers are touched. The sense of
taste and smell becomes functional next, then the vestibular system, which gives a sense
of balance and position at 14 weeks. The auditory system begins to function at about 21
weeks, and finally vision at 26 weeks. It is fascinating that in the development of all of
these senses, the systems work in some basic way, even before they are anatomically com-
plete (Hofer, 1981). In terms of memory, language and thought, the control and inte-
gration of movement and the senses, the primary part of the brain responsible is the
cerebral cortex, the outer crust of the hemispheres. For the first two or three months of
pregnancy there is relatively little development in this “crust.” It is not surprising, 
therefore, that behaviors emerging before this time, for example, early fetal movements,
are largely reflexive and are controlled via simpler circuits that arise in the midbrain
(Flower, 1985).

The cerebral hemispheres develop from the forebrain at about 9 weeks and rapidly
increase in size, expanding to form different regions that will later become highly spe-
cialized. By mid-pregnancy, the cerebral hemispheres have expanded so much that they
cover the rest of the brain. By the fourth month of pregnancy, the cells in the cerebral
hemispheres begin to proliferate and migrate (Lou, 1982). As these higher centers of the
brain develop, and more neural inputs become active, increasingly sophisticated messages
can be sent from the brain. Particularly important at this time is that the process of inhi-
bition becomes functional. This means when the fetus’s brain sends a nerve impulse to
the muscles, instead of only being able to cause movement, it can now begin to modify
it. Consequently, this eventually leads to better control and refinement of movement. 
A by-product of this process is that at about 15 weeks there is a bit of a lull in activity.
This is followed by a period of reorganization of behaviors: reflexive circuits are still in
place, but these are now “controlled” by more sophisticated nerve cells in the new “higher”
brain centers.

Emerging Behavioral Repertoire

One of the earliest movements the child will make is a startle, where the fetus’s arms and
legs shoot outwards in abrupt fashion. These occur at about 8 weeks of pregnancy. Within
a week following this, the child will make graceful general movements of the head, trunk,
and limbs. A stretch is usually seen for the first time at about 10 weeks: the fetus’s head
moves back, the trunk arches, and the arms are lifted into the air. Yawning usually begins
a week later (DeVries, 1992).

Why does the fetus move so much? In a sense, it is because she is unable to stop. 
The neural circuits that control movement are very rudimentary at this time. Early in
development, the circuit may be confined to the spinal cord, which is made up of 
nerve fibers carrying messages back and forth to the trunk and limbs. As the child 
develops, so these pathways become more sophisticated, and connect in the midbrain.
This is the most significant center of neural activity in the brain up until mid-pregnancy
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(Flower, 1985). Once these early nerve cells start firing, the fetus starts moving. It is not
until the birth of nerve cells which inhibit behavior and which can modify the action of
these primitive circuits that the fetus has longer periods of rest (Hofer, 1981). Many 
more neurons than are needed develop between the limbs and the brain, and once the
full range of co-coordinated movement is established in the fetus, some of these cells 
die off. It appears that fetal movement is necessary in order for the physical systems 
to develop normally and stimulates further development of muscles, tendons, and liga-
ments (DeVries, 1992). If muscles are immobilized during development, then joints can
fuse and make future movement an impossibility (Pittman & Oppenheim, 1979). Addi-
tionally, frequent changes in position, head rotations followed by rump rotations, alter-
nating extensions of the legs and bending the head backwards may promote better
circulation and help to prevent skin from sticking together and forming adhesions
(DeVries, 1992).

These motor behaviors result in the movement of amniotic fluid through the 
fetal body. Originally it was thought that a major role of this fluid was a protective 
one, since it cushions the fetus when the mother moves around. However, it now 
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appears that the movement of amniotic fluid through the fetal body is extremely 
important for normal structural growth of the fetus, particularly in relation to lung 
and gut development (DeVries, 1992). It is likely that movement alone, when amni-
otic fluid passes through the fetal body, provides physical stimulation for the devel-
opment of certain structures, such as the mouth, jaw, and palate. Jaw opening can 
be seen in the fetus toward the end of the first trimester. The emergence of sucking 
follows closely behind (DeVries, 1992). When the fetus sucks, her jaw opens and 
closes rhythmically at a rate of about once a second. When her mouth opens, her 
tongue is pushed against the roof of her mouth, creating suction and causing the amni-
otic fluid to move in and out. This pressure is probably responsible for the positional
change of the bones in the palate at this time, and the prevention of cleft palate forma-
tion. It seems likely that early sucking could serve as “preparatory exercise” for nursing
once the fetus is born (Prechtl, 1984). In addition to its later nutritive role, sucking may
provide comfort to the newborn and perhaps even the fetus. Amniotic fluid surrounds
the fetus and is contained within a membrane called the amniotic sac. This fluid is
thought to be produced initially by the amniotic membrane itself. Later on, the fetus’s
lungs and kidneys are also important contributors to amniotic fluid. The vessels of the
umbilical cord also may be involved in amniotic fluid production (Gebrane-Younes,
Hoang, & Orcel, 1986). The exact composition of amniotic fluid varies throughout preg-
nancy, and a major constituent is fetal urine (Seeds, 1980). This fluid contains a high
percentage of water, but its constituents are also thought to play a minor role in fetal
nutrition. It has been suggested that amniotic fluid may provide 10 to 14 percent of 
the nutritional requirements of the fetus, but also contains some important growth-
stimulating factors for the gastrointestinal tract (Mulvihill et al., 1985).

Once the child is born, breathing is of course necessary for the exchange of blood
gases. In the fetus, breathing movements are thought to be vital for lung development,
even though they do not cause any exchange of blood gases. These movements are usually
seen for the first time around the end of the first trimester (DeVries, 1992). Sometimes
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just one breathing movement is made, often resembling a sigh, whereas at other times
there may be short periods of regular or irregular breathing movements. Although fetal
breathing does not cause amniotic fluid to move in and out of the lungs themselves, they
do cause large changes in tracheal pressure and to-and-fro flow within the bronchial tree.
The lungs are liquid-filled throughout fetal life. The lung liquid is produced by the lungs
themselves and leaves by the trachea, where then it is either swallowed or exits the mouth
into the amniotic fluid. This liquid keeps the lungs distended, which is necessary for them
to develop properly. The volume of lung liquid is regulated by the resistance provided by
the upper airways. During breathing movements, the larynx is dilated and resistance to
the lung liquid is reduced; however, contractions of the diaphragm retard liquid loss
during breathing movements (Hooper & Harding, 1995). Since neural control is oper-
ating at a very basic level at this stage in development, hiccups are seen more frequently
than breathing movements, although both result in the movement of the diaphragm. This
is probably because hiccups represent a reflexive type of behavior, whereas breathing
reflects the development of more advanced motor patterns which currently are immature
(Stark & Myers, 1995).

The Earliest Sensations

At the same time that the fetus is beginning to move, she is also developing a sense of
touch. By about the ninth week of pregnancy, the fetus responds when her lips or the
area around the mouth is touched. Initially the fetus moves her head and neck away from
the source of touch, often with her mouth open: Later in pregnancy, the fetus will move
toward the “touch.” This is the precursor of the “rooting reflex,” which helps the baby to
find the nipple for nursing. Similarly, a little later in development, if the palm of the
fetus’s hand is stroked then her fingers will close for a moment and the toes curl if the
sole of the foot is touched (Hepper, 1992). Once the fetus starts to move around she will
be touching the uterine wall, the umbilical cord, and also herself. The fetus will touch
her own face more frequently than any other body part. So the fetus is provided with a
wide breadth of physical sensations which probably help to promote further development
of the physical sensation of touch.

The Second Trimester

The Visual System

By the fourth month of pregnancy, the gross structures of the eyes are almost completely
formed. The muscles of the eyes are not yet fully formed, but the eyes are already begin-
ning to make movements. The fetus’s eyes will sometimes make slow rolling movements,
or faster movements that may be smooth or jerky in nature. These movements are prob-
ably important for further muscle development. Behind the lens, the neural part of the
eye and its supportive network of tissues are developing. As yet, the light-sensitive cells
– the rods and cones – are only present in the central area of the retina. However, the
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nerve cells that will connect with these light receptors have already grown long fibers or
axons that have already reached the thalamus. This is considered to be the first relay station
for visual information, which is then sent to higher centers of the brain. The lower visual
pathways are now considered to be complete. In about the fifth month of pregnancy the
cells within the thalamus become specialized to deal with various aspects of visual infor-
mation, such as color, fine detail, and so on. Even though the connections may be present
between the thalamus and the cortex, there is fairly little differentiation within the visual
cortex at this stage in development.

The Chemosensory System

Chemosensory development encompasses both the gustatory and olfactory senses, but it
is difficult to say exactly what the fetus can smell and taste. Both flavors and smells from
the mother’s diet can pass into her bloodstream and then into both the amniotic fluid
and fetal blood. There are three possible sites where “chemosensation” can occur during
development: the nose, the mouth, and via the bloodstream itself (Schaal, Orgeur, &
Rognon, 1995). The fetus swallows amniotic fluid regularly throughout the day. This
fluid passes into the stomach, where it will then be broken down further and sent to other
organs, the brain, liver, and kidneys, before it is expelled from the bladder back into the
amniotic fluid again. During the fourth month, the plugs of tissue that were previously
blocking the nostrils have gone, and when the fetus “inhales,” amniotic fluid also passes
through the nose. The fetus actually inhales twice as much fluid as she swallows 
(Duenholter & Pritchard, 1976), so the sensory receptors within the nose are continu-
ously being bathed in amniotic fluid. During the second half of pregnancy, the con-
stitution of amniotic fluid becomes increasingly dependent on fetal urination. This may
be particularly important for stimulation of the chemosensory system, since it contains
large amounts of ammonia-smelling urea.

Flavors and smells from the food consumed will also pass into the bloodstream 
after digestion. These will then pass via the placenta into the fetal circulation blood.
Unlike the amniotic fluid, the smells and tastes within the blood have not been 
broken down or metabolized and are relatively undiluted, and consequently more 
intense. The blood will flow in tiny capillaries through the fetal nose and mouth and
therefore have ample opportunity to diffuse into the sensory apparatuses that detect 
smell and taste. It appears that nearly all babies show a preference for sweet substances
over bitter. If the amniotic fluid tastes sweet then the fetus will swallow more regularly
than if it contains bitter substances (Hepper, 1992). Not surprisingly, after a meal 
and when glucose levels rise within the maternal bloodstream and the amniotic fluid,
there is more breathing and swallowing. The amniotic fluid probably tastes sweeter as 
a result of the additional glucose. Swallowing by the fetus will also regulate the volume
of the amniotic fluid. While some of the fetus’s ability to detect and prefer certain 
flavors over others may be genetically determined, other preferences may be learned in
utero. Exposure to alcohol while in the womb has been shown to increase fetal swallow-
ing and may cause preferences for alcohol later in life (Molina, Chotro, & Dominguez,
1995). It appears that preferences for smells may be more individually tailored for 
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individual babies, depending on what flavors and smells they have been exposed to 
during life in the womb. Research with newborns has shown that babies can recognize
the smell of their mother’s breastmilk, and it has been suggested that this arises through
the early learning about their mother’s diet that took place in the womb. This has been
particularly supported by studies that have shown that if a mother dramatically changes
her diet after her pregnancy, her baby may have a more difficult time learning to suckle
(Hepper, 1988).

The Vestibular System

As described above, the fetus does a lot of moving around in utero, constantly changing
position within the warm amniotic fluid that cushions her from the outside world. Addi-
tionally, since the mother is moving about for much of the day, the fetus is also subjected
to constant passive motion and will experience positional changes relative to gravity,
depending on whether the mother is standing up, sitting, or lying down. This informa-
tion is sensed by the vestibular apparatus consisting of three semicircular canals, set at
right angles to each other within the fetus’s inner ear. These canals are fluid-filled and
when the fetus moves (or is moved) the fluid within at least one of the canals will move,
stimulating tiny hairs within the canal lining. Depending on the direction and plane of
movement, one semicircular canal may be stimulated more than another. This informa-
tion is then sent to the brain to be processed and information about motion and posi-
tion extracted.

Although it is difficult to elicit responses to vestibular stimulation in babies in utero
(Hepper, 1992), this does not mean that this system is not functioning. By 25 weeks, the
fetus will show a righting reflex (Hooker, 1952), and it is possible that the vestibular
system is in some way responsible for most babies lying head down prior to delivery. We
do not know exactly how much information about position and motion the fetus is actu-
ally processing at this time. We do know that the system is actively being stimulated, and
that this stimulation is very important for many aspects of normal fetal growth and devel-
opment. Vestibular stimulation plays an important role in changing arousal states, and
this will become more apparent as time goes on. Initially, during the pregnancy, the fetus
is often quiet when the mother is moving about a lot and causing a lot of vestibular stim-
ulation. In contrast, when the mother is lying down at night, the fetus is receiving
minimal vestibular stimulation and is often at her most active. Once the fetus is born,
the parent will probably instinctively rock the fetus when she is fussy or to put her to
sleep. Again, the vestibular system is being stimulated and may play a role in eliciting
changes in the arousal state of the child. The level of vestibular stimulation received by
the fetus during the pregnancy is particularly high. The activity alone provides a level of
stimulation to the vestibular system that will probably not be matched until the baby
starts to independently walk (Hofer, 1981). Studies of preterm infants (who are deprived
of the vestibular stimulation that would have been provided by their mother’s movement)
have detected lags in neurobehavioral development which may in part be due to a lack
of vestibular stimulation. Weight gain, visual responsiveness, and even later expressive lan-
guage development have been shown to be improved if the incubator is gently rocked
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(Masi, 1979). Along the same lines, if preterm babies are put on waterbeds instead of
mattresses, the rocking movement of the water may compensate for the vestibular stim-
ulation that they missed out on in utero and may result in better sleep organization
(Korner, Schneider, & Forrest, 1983).

Brain Development

Month five is a time of considerable growth and reorganization within the fetus’s brain.
Much of the basic circuitry that controls reflexive acts is already in place in the spinal
cord and the brain stem, the swelling at the top of the spinal cord. These areas of 
the brain will control many of the basic functions that the fetus will need to survive, 
such as breathing and temperature regulation. Other more sophisticated actions need
more “processing” by the brain, and it is the cerebral cortex within the cerebral 
hemispheres that is responsible for this. This is a particularly important time for 
development within the cerebral hemispheres, which have now grown so much that they
cover the rest of the brain (Cowan, 1979). They develop fairly late in relation to other
brain structures and have a much longer developmental time course, not reaching 
full maturation until nearly adulthood. Maturation of the cerebral hemispheres is marked
by three main events: First, the generation of nerve cells from the initially thin walls;
second, the migration of cells to specific areas of the brain; and third, differentiation of
the cells to become specialized to perform specific tasks (Kandel et al., 2000). Develop-
mental neurobiologists have begun to discover the intricate intracellur processes, includ-
ing complex gene–environment interactions, leading to cell birth, differentiation, and
survival as well as the pathways by which axons reach their target neurons and how
synapses are formed and elaborated.

Neural cells are rapidly generated in the walls of the cerebral hemispheres, starting
around the third month of pregnancy. This process is still continuing at a rate of thou-
sands of cells per second. Consequently, many more brain cells than ever will be needed
by the fetus are created, and a normal part of further brain maturation is the pruning of
some of these cells, often after the fetus is born. It may be that the excess of nerve cells
is created as a safety measure. If some brain cells are nonfunctional or become damaged
during development, others may be able to take over (Kandel, 2000).

As the cells are generated, so the process of migration begins. Each cerebral hemisphere
is divided into four lobes, frontal, temporal, parietal, and occipital. Each of these lobes
is thought to deal with specific functions. The frontal lobe is generally thought to be asso-
ciated with movement. The parietal lobe is concerned with sensation of touch, pain, and
limb position. The temporal lobe is important for hearing, memory, and a sense of 
self and time. The occipital lobe is the visual center of the brain. How do the newly 
generated brain cells know which area of the brain they have to migrate to, and how do
they get there? It is likely that the actual vicinity where the brain cell was generated 
will in part determine its final location. However, there are probably other factors, 
such as the time or order in which the cells are programmed to migrate, that enter 
into the equation (Rakic, Stensas, Sayre, & Sidman, 1974; Sidman & Rakic, 1973). 
In addition to the nerve cells themselves, a network of supporting glial cells is growing;
these provide support both structurally and functionally to the nerve cells. The glial 
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cells form a supportive scaffolding for the nerve cells to migrate along to the surface 
of the cerebral hemispheres (Rakic et al., 1974). This migration causes the outer 
layer of the cerebral hemispheres to become densely packed with cells, and the outer
surface takes on a grayish appearance, hence the name gray matter. Below this, many
fibers from other deeper and earlier-formed nerve cells are invading the cerebral 
cortex, forming a whitish zone (white matter). Once formed, the nerve cells in the 
cerebral hemispheres will also send out nerve fibers to other nerve cells throughout 
the brain and the rest of the body. These too will pass through the white matter. Once
the nerve cells have reached their target area in the cortex, they tend to form into 
distinctive layers.

It is likely that the generation of nerve cells has stopped in the cerebral cortex. How-
ever, the fetus’s brain is continuing to grow in size and complexity. The bodies of the
nerve cells themselves increase in size and, even more strikingly, the wiring between 
nerve cells has increased enormously. In order to contain all this nervous tissue within
the relatively tight quarters of the fetus’s skull, the brain surface begins to crumple up,
forming grooves and humps (Cowan, 1979). The nerve cells themselves have to form
many connections. This phase of neural development is progressing rapidly at this time.
Messages from a nerve cell are sent via axonal processes. The axons usually travel long
distances to connect with cells in specific areas of the brain or the rest of the body. For
instance, a nerve cell in the motor cortex might have to make a connection with a muscle
in the fetus’s leg. A growth cone forms, which sends out tiny tubes that attach and 
then retract, pulling the growth cone forwards. It appears that the growth cone knows
where it is going and with which structures it should make connections. The tube makes
contact with many structures and “feels” the surface of the cell membranes, ensuring 
that connections only occur with those that are specific to the nerve cell and its axon
(Lund, 1978).

In addition to brain development resulting from nerve–axon connections, nerve cells
also make important links with other nerve cells via dendrites. When a nerve impulse
travels along the axon and reaches the gap that separates it from the dendrites of the nerve
cell, it causes the release of chemical substances into the gap which then act on the den-
dritic spine, causing the impulse to be transmitted to the connecting cell across the
synapse. Cells that do not have many connections will be eliminated later in develop-
ment. Connections are strengthened by experience; this is probably why fetal behavior
and the in utero environmental factors that can impact on emerging fetal behavior are so
important for normal development. A good example of this is seen with the fetus’s early
movements. Every time the fetus moves, nerve impulses are sent back and forth from the
brain to the limbs, strengthening the connections between the synapses and ensuring that
these movements continue to mature. It is known that early in development, one nerve
cell may activate many muscle cells in a limb. However, as more nerve cells form con-
nections, something closer to a 1 :1 relationship develops between nerve cells and muscle
cells, and the earlier connections from just one nerve cell become eliminated. This in turn
allows for more sophisticated types of movement to develop (Hofer, 1981). Fetal breath-
ing – which is dependent on nerve communication between the brain and abdomen,
lungs, and thorax – is seen less frequently in fetuses of women who smoke and, as a con-
sequence, these babies often have lung-related problems at birth (Milner, Marsh, Ingram,
Fox, & Susiva, 1999).
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In the sixth month of the pregnancy, axons begin to be myelinated. The myelin acts
as an insulator for the nerves and prevents the leakage of the nerve impulses. This leads
to an increase in speed in travel for the nerve impulses, which then results in a more
fluent and rapidly responding system. Although myelination begins around the sixth
month of pregnancy, this is really limited to the lower centers of the brain and by birth
much of the baby’s brain will still be unmyelinated. It is likely that the first area of cere-
bral cortex that undergoes myelination is the primary motor cortex, the area of the brain
that controls the fetus’s movements. The first nerve cells that become functional are those
which control the trunk and arms, and these also become myelinated well before those
governing leg movement. This is why babies will have relatively well coordinated arm and
hand movements long before they begin to walk (Kolb & Wishaw, 1985). The primary
sensory areas of the cortex concerned with processing information from the sense organs
also mature after birth. Those fibers that are responsible for touch become myelinated
first, followed by the primary visual system and then the auditory system. Among the last
nerve fibers to become myelinated are those that belong to the corpus callosum, the
bundle of fibers that connect one side of the brain to the other. Higher brain centers that
integrate information are not completely myelinated until puberty. Although systems can
still function in the absence of myelin, its formation leads to better neuronal stability and
to a large increase in the speed at which messages between the nerves can travel (Hasegawa
et al., 1992). It is estimated that the speed of transmission probably triples to over 60 ft
per second once the nerves become myelinated (Purpura, 1975). The myelin coating is
not of a uniform thickness, but becomes constricted at regular intervals. These constric-
tions in the myelin are called the Nodes of Ranvier, and the nerve impulses are thought
to jump from node to node. The thickness of the myelin determines the speed of the
transmission, and thickness continues to increase over a long period, for example, for
about two years in the visual system (Magoon & Robb, 1981). The formation of myelin
can be affected by multiple factors; prenatal exposure to lead may lead to problems with
myelination, as can insufficient fat and fatty acids in the young infant’s diet (Lampert &
Schochet, 1968).

Expanding Behavioral Repertoire

Pregnant women may be just becoming aware of a faint fluttering sensation associated
with fetal movements and a dramatic behavioral shift in activity reflecting major reorga-
nizational changes within the brain. The neural circuits that can turn off or modify body
movements (inhibitory pathways) are beginning to be in place, enabling distinct periods
of rest instead of the almost continuous activity that occurs during the first trimester
(Hofer, 1981). The repertoire of body movements remains the same as those seen in the
first trimester, but what has changed is the frequency of the various movements (Nijhuis,
1995). There are now fewer startles, stretches, and general body movements. In the first
trimester hiccups were one of the most frequently observed body movements, but now
these occur much less often. However, breathing, another activity that also results in
diaphragm movement, is becoming more frequent, increasing from an incidence of about
5 percent of the time to about 30 percent of the time (Visser, 1992). During these inter-
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vals breaths occur about once every second. Since breathing movements require a lot of
energy, more breathing movements occur after a meal, since glucose levels are higher and
more energy is available (Mulder, 1992). As described previously, although breathing
movements do not result in any exchange of amniotic fluid, these prenatal movements
are thought to be important for lung development. In addition to increased breathing,
there is also an increase in the number of eye movements. Organized bursts of activity
emerge followed by gradually lengthening periods of rest, with periods of total inactivity
lasting up to 20 minutes.

The Auditory System

By the beginning of the sixth month, the auditory system ear is sufficiently developed to
respond to sound. However, neither the ear nor the brain areas serving hearing are com-
pletely formed at this stage. One major immaturity can be seen within the sensors of the
ear itself, i.e., the tiny hair cells within the cochlea, which vibrate when stimulated by
sound and convert these vibrations into electrical messages that are then sent to the brain.
Another immaturity is apparent within the nerve fibers which carry these messages. Con-
sequently, the fetus’s ability to hear different sounds is somewhat limited by these factors.
However, almost all frequencies can be heard, although lower frequencies will be heard
better than higher-pitched sounds (Abrams, Gerhardt, & Peters, 1995). The sounds that
the fetus hears have to pass through various maternal tissues, which effectively cut out
the higher frequencies; consequently, those sounds entering the fetus’s ears are predomi-
nantly low-frequency ones. However, even though the auditory environment of the fetus
is largely limited to lower-frequency sounds, it is quite varied. These include the back-
ground noises of mother’s pulsing heartbeat, which changes constantly as both mother
and fetus move and when maternal pulse and blood pressure change. Borborygmi are the
gastrointestinal sounds associated with digestion, and these are part of the fetal sound
experience. Mother’s voice is by far the most frequently heard and loudest sound (Fifer
& Moon, 1995). However, there is no unambiguous way of determining exactly what
the fetus is hearing, since the mother is listening to sound traveling through air, whereas
the fetus is listening to sound that has traveled through the amniotic fluid with no air
spaces on either side of the eardrum. Furthermore, the rest of the auditory system is still
immature, and so we do not know how well these sounds are converted into electrical
signals by the sensors in the ear, or what the fetus’s brain makes of these messages.
However, we can learn something about what the fetus is hearing by looking at her
response to sound (Hepper, 1992).

At this age, fetus’s hearts beat faster in response to most sounds. Very loud sounds will
result in a very fast heart rate. As the fetus gets older, her response will change based on
the sound intensity, how deeply she is sleeping, and how familiar she is with the sounds
(Lecanuet, Granier-Deferre, & Busnel, 1995). The fetus will also respond to some sounds
by moving her limbs, or sometimes by stopping her movement in the middle of a 
high-activity period. One study has shown that fetuses will actually startle and empty
their bladders following the loudest of sounds (Zimmer, Chao, Guy, Marks, & Fifer,
1993). Changes in brain electrical activity during sound stimulation have been measured
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in prematurely born infants by 27 weeks gestational age. Sounds are thought to cause
permanent changes in the developing auditory system which are probably required 
for normal brain maturation. Permanent changes are also reflected in newborn percep-
tual capacities and sound preferences as a newborn. Areas of the brain devoted to pro-
cessing and remembering “multimodal” stimulation are probably also affected, since
during some sound experiences several senses are activated at once. For example, when a
mother speaks, her diaphragm moves, resulting in movement of the fetus; consequently
those pathways that sense pressure, touch, and balance are also stimulated along with the
auditory system.

The Third Trimester

The Visual System

By the seventh month of the pregnancy, the fetus’s eyelids are no longer fused closed. The
fetus will spend some time with her eyes open and will now be making blinking move-
ments. Externally, the fetus’s eyes will look fully formed. There are some still some minor
immaturities in their gross structures, but the major source of immaturity in the fetus’s
visual system is within the neural structures of the eye, the retina, and the pathways to the
brain. Nonetheless, if the fetus were born now, she would have some vision, even at this
early age. Babies of this age can easily distinguish between light and dark (Taylor, Menzies,
MacMillan, & Whyte, 1987) and have the ability to discriminate form to some extent
(Dubowitz, Mushin, Morante, & Placzek, 1983). Certainly by 30 weeks of age, the pre-
mature newborn is able to see patterns of fairly large size provided that they are of suffi-
ciently high contrast (e.g., black stripes on a white background) and fairly close to the
baby’s eyes (Grose & Harding, 1990). The fetus does have the basic “equipment” to be able
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Figure 18.3 From left to right, photos are images of second trimester fetuses captured by nonin-
vasive 3D ultrasound. Photo 1 is a 27-week-old fetus with limbs intertwined, photo 2 is 23-week-
old twins, and photo 3 is a 23-week-old fetus showing face, arm, and umbilical cord. (Photos
courtesy of (1) Dr. Armin Breinl, Austria; (2) Dr. Armand Vergnaud, France; (3) Dr. Juan Carlos
Pons, Venezuela)



to see, even though this ability is really not in use until birth. The lighting within the uterus
is very poor. Only the very brightest of lights might provide a reddish glow but would not
be sufficient even for an adult visual system to distinguish shapes clearly. The part of the
brain associated with vision has a fairly protracted development, not surprising given the
level of sophistication of the mature visual system. At this stage in development, the basic
layered structure of the primary visual cortex is complete. The cells from the thalamus
connect predominantly to the fourth layer of the visual cortex. The next important stage
in visual development, the formation of many connections between the neurons in the
visual cortex, is just beginning this month. These connections continue to develop post-
natally, until the child is about 8 months of age (Huttenlocher & DeCourten, 1987). The
most rapid period of connective development occurs after birth when the fetus’s visual
system is being stimulated by the external world. At this point in time the baby is proba-
bly relatively near-sighted. However, by the time she is due to be born, the relative growth
of the cornea and eyeball will compensate for this (Weale, 1982). Even though the curva-
ture of the cornea and the length of the eye are coordinated by the time the baby is born,
immaturities within the lens or perhaps the muscles working the lens will result in the baby
having a relatively short range of focus. This is perfect for the task in hand, looking at the
faces of the people that are holding her. The ability to focus on objects across the room will
soon develop in the first months of life.

Physical Growth

Up until the beginning of the third trimester, much of the energy provided by the mother’s
diet has been used in forming the fetus’s body and internal organs. Pigmented fatty tissue,
brown fat, is now laid down on the fetus’s muscles and under the skin, and as time goes
on, so the size of the cells in the fatty tissue increases, leading to a thickening of this layer.
Although the fetus is currently protected in the warm environment of the amniotic fluid
and has no need to regulate her own temperature, this layer of insulating fat is impor-
tant since it will help the fetus to maintain a constant body temperature once outside the
womb. In addition to preventing heat loss by providing a layer of insulation, brown fat
cells are actually capable of producing heat themselves. By the time the fetus is full-term
there will be large stores of these concentrated in her back and neck. Ensuring an ade-
quate maternal diet and a healthy lifestyle will enhance this important “fattening up” of
the fetus’s body. This is a time during which the fetus’s size increases rapidly, and in the
final month of the pregnancy the fetus will be gaining as much as 1oz per day. Adequate
maternal nutrition has been shown to be important in the formation of adequate fat
deposits, and fasting during the last three months of pregnancy can dramatically alter this
process (Lumey, Stein, & Ravelli, 1995). A daily caloric intake of approximately 2700
calories is thought to be necessary to maintain a healthy pregnancy. Prenatal exposure to
tobacco and alcohol have also been shown to have an inhibitory effect on fat deposition
in fetuses. A failure to acquire adequate fat deposits will also contribute to lower birth
weights in these babies (Haste, Brooke, Anderson, & Bland, 1991). Low-birthweight chil-
dren are not just poor at temperature regulation; these infants are at greater risk for many
developmental problems, as will be described below in more depth.
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Behavioral Organization

The fetus’s behavior is becoming progressively more organized as she approaches term.
She is no longer the continually moving creature of five months ago; instead she has dis-
tinct patterns of rest and activity. In fact, two dominant patterns of behavior have now
emerged. The fetus will spend most of her time either in active sleep or quiet sleep. By
this stage, the fetus will only be spending about 20 to 30 percent of her time in a deep
sleep state, where she will remain motionless, her heartbeat steady, and her breathing
movements when they occur are rhythmic. Not surprisingly, this state is known as quiet
sleep. For most of the rest of the time the fetus will not be awake but in a state similar
to neonatal active sleep. The fetus initiates many different body movements in this sleep
state and the eyes move rapidly back and forth and open periodically. Heart rate and
breathing patterns will tend to be irregular and the fetus will be responsive to the sensory
stimuli that she is naturally exposed to in her uterine environment. During periods of
active sleep the fetus may be more reactive to sounds and touch. Consequently most 
of the time, the fetus’s brain is “buzzing” with electrical activity as messages about her
environment are constantly being sent from her sense organs to the brain, and 
other signals generated by the brain itself are sent all over her body. In this way, many
muscles and organs are all being stimulated or “exercised.” It is thought that this level of
activity is probably necessary for adequate development and further maturation of the
vital organs and the nervous system. This is borne out by studies of mothers who took
certain types of medication (chiefly for hypertension and depression) during pregnancy.
These drugs were shown to reduce the amount of active sleep their babies experienced
and as a result these babies were shown to have smaller heads, brains, brain cells, and
fewer brain connections (Mirmiran & Swaab, 1992). The putative advantage of 
being able to carry out all this activity in a state of active sleep rather than wakefulness
is to conserve energy.

The fetus is making fewer general body movements now – these movements probably
only occur about 15 percent of the time. The fetus is also making breathing movements
fairly frequently (about 30 percent of the time) and there is a barely perceivable slowing
in the rate at which she breathes in comparison to one month ago (still about once every
second). It is also likely that the fetus will be making more breathing movements approx-
imately one hour after the mother has eaten. This is thought to be because more energy
is available and breathing movements are very energy-consuming (Visser, 1992). These
breathing movements are important for lung development, which is undergoing a vital
period of maturation at this time in readiness for birth.

In contrast to one month ago, the 9-month-old fetus no longer spends quite as much
time in a state of active sleep. In active sleep, the fetus makes general body movements,
some breathing movements, and her heart rate tends to be irregular, often with large accel-
erations. Her eyes will move rapidly back and forth and probably even open and close
from time to time. However, since the fetus’s brain has matured in the last month, more
inhibitory pathways have now developed, thus reducing the amount of movement the
fetus performs. Consequently, the fetus will have longer periods when she is resting quietly
in a deep sleep. In fact, she will now spend about half the time in this state. During quiet
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sleep, the fetus is quiet and not moving and her heart rate is steady. The fetus may or
may not be making breathing movements, but when she does, these tend to be rhythmic
and steady in nature (Nijhuis, 1992). On the whole, the fetus’s activity and rest periods
alternate cyclically throughout the day. Already the length of one entire activity–rest cycle
has lengthened from that seen one month ago, and now probably lasts about 80 to 100
minutes (Visser, 1992). However, superimposed on this cyclical rhythm are maternal
physiological factors such as hormone levels, breathing, heart rate, and uterine activity
(Mirmiran & Swaab, 1992). Variations in some or all of these factors are thought to influ-
ence the fetus’s behavior over the course of the day. In general there is a peak in activity
occurring when the mother is asleep, in the late evening, and a relative lull in activity 
in the early hours of the morning (Patrick, Campbell, Carmichael, Natale, R., & 
Richardson, 1982).

The reflex behaviors that the baby will demonstrate after she is born, notably, breath-
ing, rooting, sucking, and swallowing, are in place now. Another protective reflex that the
baby will demonstrate is an eye blink in response to a rapidly approaching object or bright
lights. Like the breathing reflex, this remains in place throughout life. Other reflexes that
have less obvious functional significance include the toe-curling reflex, the finger-grasping
reflex, and the startle reflex. These reflexes all disappear within the first year of life. Another
reflexive behavior that has received a good deal of attention is the stepping reflex. If resis-
tance is provided to her feet the fetus will make stepping movements, placing one foot in
front of the other. This reflex usually disappears in the first two months after birth. There
is some argument as to whether this activity is a kicking motion (Thelen, 1986) or whether
it is the precursor of early walking (Zelazo, 1983). It has also been suggested that this reflex
may help in the birthing process itself (Kitzinger, 1990).

Sensory Development

Some senses, such as touch, begin development early in pregnancy and this sense is prob-
ably the most highly developed at this stage in the fetus’s life. When the fetus moves around
she will be touching the uterine wall, the umbilical cord, and also herself. The fetus will
touch her own face more frequently than any other body part. So the fetus is provided with
a wide breadth of physical sensations which probably help to promote further development
of the physical sensation of touch. Although initially the fetus would have moved her head
and neck away from the source of touch, now she moves toward it with her mouth open.
This is the precursor of the “rooting reflex,” which helps the baby to find the nipple for
nursing. Now if the palm of the fetus’s hand is stroked her fingers will close for a moment
and the toes will curl if the sole of the foot is touched (Hepper, 1992).

As was noted previously, it is difficult to separate the sense of taste and smell 
when the fetus is in the womb. However, we do know that the flavors and odors 
from foods that the mother eats are transmitted into the placental blood and the amni-
otic fluid. The taste buds within the tongue and mouth are probably present and being
stimulated. The mechanism underlying the sense of smell is perhaps less clear. It is not
known whether most stimulation of the “smell receptors” occurs when the amniotic fluid
washes in and out of the nose, or when a more concentrated source of odor – the blood-
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stream full of nutrients (and odors) from the placenta – passes very close to these recep-
tors (Schaal et al., 1995). The fetus is capable of hearing now, as is evidenced by changes
in heart rate and/or movement in response to externally presented sounds (Lecanuet &
Schaal, 1996) and by electrophysiological studies of preterm infants. During the final
trimester the fetus is exposed to a wide variety of sounds, particularly the sound of her
mother’s voice, heartbeat, and stomach sounds, but also to external noises (Abrams et al.,
1995; Fifer & Moon, 1995; Lecanuet & Schaal, 1996). As already noted, although the
fetus’s eyelids are now open and the child can see in a rudimentary way, there is very little
stimulation of the visual sense while in the womb. This is probably the least developed
of all the senses at birth. The maturation of the sense of vision is very dependent upon
adequate stimulation (Blakemore & Cooper, 1970), which can only occur once the child
emerges from the dark environment of the womb. However, a premature infant as young
as 28 weeks can distinguish light from dark (Taylor et al., 1987), coarse patterns of high
contrast (Grose & Harding, 1990), and track a highly colored object (Dubowitz,
Dubowitz, Morante, & Verbhote, 1980). At this stage of development the infant’s acuity
is poor and is therefore unable to resolve fine detail (Dubowitz et al., 1983).

Learning and Memory

The fetus does exhibit some very basic early memory at this point in time. It is not 
really known how long these memories last, but many examples of uterine learning 
are present at birth. The uterine environment provides a rich array of sensory stimuli,
from touch, smell, taste, and sounds, and it has been conclusively demonstrated 
that newborn babies recognize and show a preference for many types of stimuli that 
they were exposed to in the womb. Probably the most striking example of this is the 
preference that newborn babies show for their own mother’s voice. Studies have shown 
a neonatal ability to discriminate sounds heard in utero, either the mother’s voice or 
the language heard in utero (Mehler et al., 1988; Ockleford, Vince, Layton, & Reader,
1988). Contingent sucking procedures have been used to detect preferences for mothers’
versus strangers’ voices, native versus non-native language phrases, and recordings of
mothers’ voices filtered to simulate intrauterine speech (reviewed in Moon & Fifer, 2000).
Other studies have looked at how a newborn baby is able to recognize the smell of 
his or her own mother’s breast milk (Makin & Porter, 1989), and this is thought to be
attributable to some familiarization with the odors and tastes from the mother’s diet while
in the womb. In fact, it has been shown that babies of women who change their diets
dramatically after their baby is born, typically to a less spicy one, are more likely to 
experience feeding difficulties (Hepper, 1992). Other research has concentrated 
on demonstrating how a baby in the womb actually modifies his or her behavior over
time in response to a particular type of stimulation. Researchers have shown that 
babies will move in response to a loud sound occurring only a few feet from the womb.
However, if this sound occurs repetitively, the fetus is capable of demonstrating an early
learning and memory capability, habituation and dishabituation to novel sounds (Hepper,
1995; Leader, 1995; Lecanuet et al., 1995; van Heteren, Boekkooi, Jongsma, & Nijhuis,
2000).
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Labor will provide the final context for environmental input to shape or elicit adap-
tive behavior, or in some cases, to convey risk. The sensory perceptual experience of the
fetus during contractions may stimulate independent respiration (Ronca & Alberts,
1995). Stimulation of catecholamine release may aid in the transition to postnatal life by,
for example, protecting against birth asphyxia and promoting neurologic adaptation
(Lagercrantz & Slotkin, 1986; Otamiri, Berg, Ledin, Leijon, & Lagercrantz, 1991). Thus,
the normal fetus should emerge after nine months with a full complement of skills
required to meet the next challenge, i.e., adaptation to environment of the infant.
However, there is a wide range of individual differences in the capacity to respond to the
postnatal environment, and some infants will be more vulnerable than others to atypical
or at-risk developmental trajectories.

Risks to Fetal Development

Perinatal complications can have their origins in parental preconception conditions as
well as emerge from gene–environment interactions throughout embryogenesis and ges-
tation. Atypical developmental trajectories range from congenital malformations to subtle
variations with apparent minor clinical significance (Ashmead & Reed, 1997; Sweeney,
1998). Two to 3 percent of newborns are diagnosed with frank congenital abnormalities
and another 2 to 3 percent of children are identified as having them before age 2.
Although numbers vary somewhat, it is estimated that for 50 percent of the congenital
abnormalities, the cause remains unknown. Genetic factors are thought to account for
roughly 10–15 percent of congenital defects, while environmental agents acting alone –
such as alcohol, excess quantities of vitamin A, and radiation – are thought to cause
another 10 percent of them. The rest of the congenital anomalies are believed to be the
result of multifactoral causation, that is, the result of genes and environment interacting
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Figure 18.4 From left to right, photos are images of third trimester fetuses captured by noninva-
sive 3D ultrasound. Photo 1 is a 37-week-old fetus in quiet sleep, photo 2 is a fetus sucking, and
photo 3 is of a 30-week-old fetus with limbs extended. (Photos courtesy of (1) Dr. Armin Breinl,
Austria; (2) Obgyn.net; (3) Dr. Saied Tohamy, Egypt)



together (Ashmead & Reed, 1997; Milunsky & Milunsky, 1998). Some sources estimate
that research will eventually show that multifactoral causation actually may account for
up to 75 percent of these anomalies (Ashmead & Reed, 1997). Abnormal developmen-
tal trajectories – ranging from subtle to significant – also can be associated with intra-
partum risks such as those resulting from labor complications, for example, hypoxia
during delivery, or those resulting from multiple births, which can result in an increased
incidence of low birth weight and preterm delivery (Tough, Greene, Svenson, & Belik,
2000).

In this section of the chapter, we cover some of the common abnormal infant pheno-
types with well-mapped-out genetic etiologies (e.g., Down’s syndrome). We next discuss
some of the environmental risks for fetal development, traditionally known as teratogens
(from the Greek word for monster, teratos). However, our focus here is on research explor-
ing the mechanisms by which even subtle alterations in the intrauterine environment can
influence fetal neurobehavioral development and have an impact on the child’s long-term
health. The effects of alcohol and smoking on fetal development are discussed, in addi-
tion to the influence of minimal alcohol use and environmental smoke exposure. Well-
established aspects of prenatal nutrition are covered, such as folic acid, as well as new
research linking weight gain during pregnancy and protein intake to the child’s risk for
heart disease. Finally, new data are discussed indicating that women’s mood during preg-
nancy, specifically stress and anxiety, may affect fetal development.

Chromosomal Disorders

The DNA forming the human genetic code is stored in the cell nucleus in structures
called chromosomes. Human chromosomes consist of 22 pairs called autosomes and two
sex chromosomes (XX, for females; or XY, for males). In chromosomal defects, whole
chromosomes are missing or duplicated, or parts of them are missing or duplicated. The
most common abnormalities are monosomies, in which there is only one copy of chro-
mosome pair, or trisomy, in which there are three representatives of a chromosome pair.
Most monosomies are not viable, except for Turner’s syndrome, in which the individual
has an X chromosome and no second sex chromosome. A person with Turner’s syndrome
is phenotypically female but sterile. Overall, chromosomal abnormalities are seen in 1/200
live births and in 50–70 percent of first trimester miscarriages (Ashmead & Reed, 1997;
Robinson, Linden, & Bender, 1998).

There are three major trisomies of the sex chromosomes, all of which survive. In Kline-
felter’s syndrome, individuals have XXY trisomy and are phenotypically male, but infer-
tile. Individuals with XYY trisomy also are phenotypically male and often exhibit
impulsive and aggressive behavior. XXX individuals have a female phenotype and are often
retarded (Robinson et al., 1998).

There are three major autosomal trisomies. The most common is Down’s syndrome,
with three copies of chromosome 21. Down’s syndrome is characterized by varying degrees
of mental retardation, anomalous facial features, and, for approximately a third of the
cases, serious heart defects. Extra copies of chromosomes 13 (Patau syndrome) and 18
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(Edward’s syndrome) result in severe defects of the central nervous system and morpho-
logical malformations such as cleft lip (Ashmead & Reed, 1997).

Finally, some chromosomal abnormalities are the result of the translocation or
rearrangement of chromosomal segments. Some affected individuals have no abnormal-
ities, however they are at greater risk for producing gametes with chromosomal alterations
in structure and/or number. New techniques have recently enabled researchers to iden-
tify chromosomal microdeletions, which only span a few contiguous genes (Sweeney,
1998; Wilson, 1992).

Abnormal numbers of chromosomes are usually caused by an error in the separation
of chromosomes into appropriate daughter cells during meiotic division. For reasons still
only partially understood, there is a dramatic increase in the risk of chromosomal anom-
alies with advancing maternal age. For example, risk of Down’s syndrome at age 20 is
1/2000; at age 30 it is 1/1000; by age 37 it is 1/200 (Davidson & Zeesman, 1994; Hsu,
1998).

Single Gene Disorders

Disorders can result from a single gene abnormality or allele, dominant or recessive, on
either an autosome or a sex chromosome. An allele is an alternative form of a particular
gene. An autosomal recessive (AR) disorder will be expressed in a child when each parent
(who is heterozygous) has one allele with the mutation, giving the child two of these
alleles, one from each parent (making them homozygous). There is a 25 percent chance
of heterozygous parents having an affected (homozygous) child. The risk of an affected
individual having a child with the disorder depends on his or her partner’s status with
respect to the genetic mutation, and, therefore, on how rare the disease is. Research sug-
gests that every individual is heterozygous for approximately 8–10AR genes linked to
disease. Examples of autosomal recessive genetic disorders are: sickle cell disease, cystic
fibrosis, and Tay–Sachs disease. An autosomal dominant (AD) disorder will be expressed
with just one abnormal allele present. A parent affected with an AD disorder has a 50
percent chance of passing this disease onto his or her child. Huntington’s disease, Marfan
syndrome, and polycystic kidney disease are examples of autosomal dominant disorders
(Ashmead & Reed, 1997).

Sex-linked diseases or functional disorders are known as X-linked characteristics
because in most cases there are no corresponding alleles on the Y chromosome. In X-
linked inheritance, all daughters of an affected male are carriers and there is no male to
male transmission. X-linked disorders can be recessive or dominant. Because males only
have one X chromosome, an abnormal gene on an X chromosome results in disease in
all affected males. For females to be affected by an X-linked disorder, they need either to
be homozygous or to have most of their normal X chromosomes inactivated (called
Lyonization). X-linked recessive disorders are: Duchenne muscular dystrophy and 
hemophilia.

X-linked dominant traits are expressed in females but most often lethal in males.
Females survive the X-linked dominant disorders because of random inactivation of the

Prenatal Development and Risk 525



abnormal X chromosome in half of females’ cells, allowing for expression of the normal
gene by the other normal X chromosome. Examples of X-linked dominant disorders
include hypophosphatemic (vitamin D-resistant) rickets and Kennedy disease (spinal and
bulbar muscular atrophy) (Ashmead & Reed, 1997). Certain ethnic groups are at greater
risk for specific genetic disorders than others. For example, in Ashkenazi Jews (Jews 
of Eastern European descent), 1 in 30 is a carrier of Tay–Sachs disease, while approxi-
mately 8 in 100 African Americans from North America are carriers of the sickle cell gene
(Davidson & Zeesman, 1994).

Environmental Influences

Alcohol

Heavy maternal alcohol consumption profoundly influences fetal and child development.
The most severe effects are found in offspring of women alcoholics, who consume, on
average, six standard drinks per day (one standard drink = 12oz beer = 5oz of wine =
1.5oz of liquor or 15g of absolute alcohol). For the children who survive, the effects
include mild to severe physical anomalies and cognitive and behavioral impairments.
However, other adverse fetal outcomes include increased risk for spontaneous abortion,
stillbirth, premature placental separation, intrauterine growth restriction, and, some
studies suggest, preterm birth – itself a risk factor for future health problems, poor devel-
opment, and newborn mortality (Smigaj, 1997).

Children of women who abuse alcohol and who meet criteria for Fetal Alcohol Syn-
drome (FAS; approximately 1.97 per 1000 live births in the United States) have cranio-
facial dysmorphology, including smaller head circumference and a flattening of the nose
area, other congenital anomalies, and long-term attention deficits as well as mental retar-
dation. However, a subset of children do not meet the criteria for FAS but nonetheless
show significant impairment related to their mothers’ alcohol use during pregnancy. These
children exhibit some of the behavioral and cognitive deficits associated with FAS and
are referred to as having either prenatal exposure to alcohol (PEA), Fetal Alcohol Expo-
sure (FAE), alcohol-related birth defects (ARBD), and alcohol-related neurodevelop-
mental disorders (ARND). The rates of babies born with these partial FAS syndromes are
believed to be much higher than for frank FAS (Mattson & Riley, 1998; Roebuck,
Mattson, & Riley, 1999). There are several possible pathways by which maternal alcohol
use affects the developing fetus. Alcohol, which freely crosses the placenta, affects fetal
cell activity. Specifically, alcohol increases cellular peroxidase activity, decreases DNA syn-
thesis, disrupts protein synthesis, and impairs cell growth, differentiation, and neural cell
migration. Alcohol also impedes placental transfer of amino acids and glucose, adversely
affecting fetal growth, and alters the chemical makeup of maternal blood, causing mater-
nal vasoconstriction and chronic fetal hypoxia (Hanningan, Saunders, & Treas, 1999;
Smigaj, 1997).

The developmental timing and frequency of drinking episodes during pregnancy (e.g.,
maternal abstinence after the first trimester versus binge-drinking throughout pregnancy)
can greatly alter the impact that maternal drinking will have on the fetus. In general,
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drinking during the first trimester results in craniofacial abnormalities, while exposure
during the second and third trimesters coincides with the period of rapid brain develop-
ment, influencing fetal central nervous system development. In particular, new research
with animal models suggests that there may be an enhanced period of vulnerability to
cerebellar cell loss in humans during the 24–32 weeks of pregnancy, when Purkinje cell
dendritic growth is occurring (Goodlett & Johnson, 1999).

Recent studies based on autopsy reports and tools of modern neuroscience such as
magnetic resonance imaging (MRI) have identified neuroanatomical variations in 
the brains of children with FAS. Autopsy reports indicate that the brains of FAS 
children are microencephalic (abnormally small). The MRI studies generally show reduc-
tions in the volumes of both the cerebral and cerebellar brain regions in FAS children.
Follow-up reports of behavior and cognitive development indicate that significant in utero
exposure to alcohol is associated with attentional deficits, mental retardation, and poor
academic performance. Data from recent neuropsychological studies comparing FAS and
PEA children to controls matched for age, gender, and ethnicity indicated that FAS and
PEA children have lower overall IQ scores as well as lower scores on most subtests. Similar
studies from the same laboratory suggest that FAS children perform less well on verbal
measures of comprehension and naming ability, and have inferior fine-motor speed and
coordination (Roebuck et al., 1999). These findings of cerebral cortex/cerebellum 
anomalies as well as cognitive and motor weaknesses in FAS/PEA children are consistent
with current neuroscience research indicating the interrelatedness of cognitive and 
motor development (Diamond, 2000). It is clear that high levels of prenatal alcohol 
exposure have a dramatic and long-term impact on development, even when the strict
criteria for FAS is not met. Because there is no known level of safe alcohol consumption
during pregnancy and because the effects of lowered intake, although present, are likely
to be subtle and hard to detect, complete abstinence during pregnancy is recommended
(Smigaj, 1997).

Smoking

Despite major efforts to warn pregnant women of the dangers cigarette smoking poses
for their fetus, smoking is still one of the most preventable risk factors for an unsuccess-
ful pregnancy outcome (Bulletin, 1997). The adverse consequences of prenatal exposure
to maternal smoking are well known; some of the newest research focuses on the effects
of passive smoking or environmental tobacco smoke (ETS) during pregnancy on birth
outcomes.

On average, babies born to smokers weigh 100–200g less than those of nonsmokers
and have twice the risk for fetal growth restriction (Horta, Victora, Menezes, Halpern,
& Barros, 1997; Walsh, 1994). Furthermore, independent of the risks for lower birth
weight, smoking is associated with risk for prematurity and perinatal complications, such
as premature detachment of the placenta (Andres, 1996; Kyrklund-Blomberg & 
Cnattingius, 1998). Cigarette smoking also is associated with a two- to threefold increase
for Sudden Infant Death Syndrome (SIDS) (Golding, 1997). Finally, more subtle effects
of fetal exposure to maternal smoke have been found during childhood. Behavioral prob-
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lems and cognitive weaknesses, including problems with attention and visuoperceptual
processing, have been associated with smoking during pregnancy (Fried & Watkinson,
2000; Fried, Watkinson, & Gary, 1992; Wakschlag et al., 1997).

Maternal cigarette smoking adversely affects fetal development – often with long-term
consequences for child health – by causing a chronic reduction in nutrient and oxygen
delivery to the fetus as well as acute hypoxic injuries (Lambers & Clark, 1996). Nicotine
and carbon monoxide are the two main agents of these effects. Nicotine induces vaso-
constriction in the placental and fetal vascular beds, reducing oxygen and nutrient input
to the fetus. Carbon monoxide, which binds to hemoglobin to form carboxyhemoglo-
bin, reduces the oxygen-carrying capacity of blood. It also increases the affinity of hemo-
globin for oxygen so that oxygen release to tissues is inhibited (Walsh, 1994). Because
the fetus gains weight at a rapid rate during the third trimester, studies indicate that mater-
nal smoking during this period has the greatest impact on fetal growth (Lieberman,
Gremy, Lang, & Cohen, 1994). Smoking-induced reductions in oxygenation throughout
pregnancy have far-reaching effects on cellular and tissue development in the fetus, influ-
encing the development of the central nervous system and cardiorespiratory functioning,
to name a few.

The strong effects that active smoking exerts on pregnancy outcomes has led
researchers to investigate whether maternal exposure to environmental tobacco smoke
(ETS) also has an influence on fetal development. New data indicate that even ETS poses
risks for the fetus. Studies suggest that exposure to passive smoking during pregnancy is
associated with reductions in fetal weight ranging from 25–40g (Spitzer et al., 1990;
Windham, Eaton, & Hopkins, 1999) as well as greater likelihood of a low-birthweight
baby (Mainous & Hueston, 1994).

Nutrition

As described previously, in order to support the developing fetus, women must increase
their caloric intake to reach between 2700–3000 calories per day. In addition, specific
nutritional requirements must be met for healthy fetal development. For example, 
adequate amounts of calcium are needed for fetal bone, muscle, and transmitter pro-
duction; sufficient supplies of iron are necessary for fetal red blood cell and tissue 
production (Judge, 1997). Recently, the central importance of folic acid to fetal devel-
opment has emerged. Specifically, in the last ten years, research has shown that inade-
quate amounts of folic acid are linked to serious congenital abnormalities known as
Neural Tube Defects (NTD). Consisting primarily of anencephaly (“brain absence”) and
meningomyelocele (a protrusion of the brain), these NTDs are induced in the first 28
days of pregnancy when the early foundation of the spinal cord, the neural tube, is
forming (Sweeney, 1998). Folic acid plays roles in nucleic acid and protein synthesis as
well as in neural and red cell development, all of which are underlying processes in neural
tube development (Judge, 1997). Because the impact of folic acid deficiency on fetal
development cannot be reversed, it is recommended that women increase their folic acid
intake prior to conception. On the other hand, because more than half of the pregnan-
cies in North America are unplanned and because women living in poverty intake below
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optimal levels of folic acid, primary prevention of NTD has yet to be accomplished
(Koren, 1994).

Recent research from epidemiological and animal studies indicates that independent
of gross congenital anomalies, women’s food intake and/or weight gain during pregnancy
may subtly affect fetal development in ways that have implications for the child’s future
medical and mental health. For example, in several large samples, low birth weight has
been linked to increased risks for future cardiovascular disease (CVD), and for factors,
such as high blood pressure, associated with CVD (Clark et al., 1998; Law et al., 1993;
Moore, Cockington, Ryan, & Robinson, 1999; Rich-Edwards et al., 1997). To account
for this association, researchers hypothesize that aspects of the fetus’s cardiovascular func-
tioning are “programmed” in utero by maternal nutritional and/or hormonal factors
(Barker, 1995). One line of investigation suggests that reductions in maternal protein
intake decreases the activity of a placental enzyme that protects the fetus from maternal
stress hormones, thereby exposing the fetus to elevated levels of these stress hormones,
which is associated with lower birth weight and higher blood pressure in the offspring.
Although the emerging data with human pregnancy are not entirely consistent with this
hypothesis, animal studies support this line of thinking (Langley-Evans, 2000; Langley-
Evans, Welham, Sherman, & Jackson, 1996). Other possible mechanisms that might
account for the association between maternal protein intake, low fetal weight, and
increased risk for CVD include the possibility that low protein intake reduces the size of
the pancreas and glucose tolerance, leading to low birth weight and alterations in metab-
olism (Charif, Ahn, Hoet, & Remacle, in press).

New research also indicates that women’s nutrition during pregnancy and baby’s birth
weight also might be markers for physiological processes that place the infant at risk for
future breast cancer (Michels, Trichopoulos, Adami, Hsieh, & Lan, 1996; I. Morgan,
Damber, Tavelin, & Hogberg, 1999) and psychiatric illness (Susser, Brown, & Matte,
1999). Specifically, epidemiological studies suggest that higher birth weight is associated
with an increased risk for breast cancer (I. Morgan et al., 1999). Other studies based on
the offspring of Dutch women pregnant during the Nazi food embargo (“the Dutch
Hunger Winter”) suggest that extreme undernutrition (less than 1000 calories a day)
during first and second trimesters (and thus occurring during rapid brain reorganization)
is associated with the risk of becoming schizophrenic or having antisocial personality dis-
order (Neugebauer, Hoek, & Susser, 1999; Susser et al., 1999). Although the mechanisms
underlying these associations are not yet known, it is likely that future research will clarify
the impact of variations in maternal nutrition and newborn weight on the child’s physi-
cal and mental health.

Psychosocial Stress

Psychosocial stress during pregnancy has long been linked to negative birth outcomes
such as low birth weight and prematurity (Istvan, 1986; Lobel, 1994; Lobel, Dunkel-
Schetter, & Scrimshaw, 1992; Stott & Latchford, 1976). Current findings are largely con-
sistent in pointing to stress-induced maternal vasoconstriction as contributing to
diminished fetal oxygen and nutrient intake, and consequently, reduced birth weight and
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stress-elicited surges in stress hormones as precipitating labor and, consequently, early
delivery (Lobel, 1994; Lobel et al., 1992; Wadhwa, Dunkel-Schetter, Chicz-DeMet,
Porto, & Sandman, 1996; Wadhwa, Porto, Garite, Chiez-DeMet, & Sandman, 1998).
However, it is only relatively recently that animal studies and research on fetal develop-
ment have discovered the influence of maternal stress on fetal neurobehavioral 
development.

In animal models, offspring whose mothers are exposed to acute stress during preg-
nancy (e.g., electric shock) versus controls exhibit long-term changes in behavior and the
regulation of stress hormones. Prenatally stressed animals show inhibited, anxious, fearful
behavior throughout the life span, hypothesized to result from their excessive level of
endogenous arousal. Specifically, prenatally stressed rats suppress ultrasonic vocalization
to separation from their mother (K. Morgan, Thayer, & Frye, 1999; Takahashi, Baker,
& Kalin, 1990) and try more often to escape from novelty (Vallee et al., 1997). In tests
with primates, prenatal stress is associated with poorer neuromotor maturity and dis-
tractibility (Schneider, 1992; Schneider & Coe, 1993; Schneider, Roughton, Koehler, &
Lubach, 1999). The offspring of rats exposed to an acute stressor compared to controls
also have elevated ACTH stress hormone responses as preweanlings (Takahashi & Kalin,
1991; Takahashi, Kalin, Barksdale, & Vanden Burtgt, 1988) and increased stress-induced
corticosterone secretion as adults (Vallee et al., 1997). Because prenatally stressed animals
are compared to genetically similar controls, the evidence from these studies suggests that
physiological processes associated with stress during pregnancy may have an impact on
developmental processes. Researchers now hypothesize that over the course of pregnancy,
the frequency and magnitude of maternal stress may have a cumulative effect, shaping
fetal and child central and peripheral nervous system development. There are two primary
systems that likely mediate the possible influence of maternal psychiatric symptoms on
the fetus: the maternal autonomic nervous system and the hypothalamic–pituitary–
adrenocortical (HPA) axis.

Increased sympathetic activation

Stress is associated with elevated and/or chronic sympathetic activation and with the
release of catecholamines and vasoconstriction. Vasoconstriction is believed to alter utero-
placental blood flow, causing subsequent oxygen and calorie reduction to the fetus and
thereby affecting fetal growth (Copper et al., 1996; McCubbin et al., 1996) and possi-
bly influencing fetal central nervous system (CNS) development (Teixeira, Fisk, & Glover,
1999). Increased catecholamine levels may affect the fetus by sustaining maternal vaso-
constriction and increased blood pressure (McCubbin et al., 1996; Shnider, Wright, &
Levinson, 1979).

The HPA axis

The hypothalamic–pituitary–adrenocortical (HPA) system plays a major role in stress
responses. Briefly, cortisol, a glucocorticoid stress hormone, is the primary by-product of
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the HPA axis in humans. Cortisol is regulated by the hypothalamus in the brain via its
secretion of corticotrophin-releasing hormone (CRH) to the pituitary, signaling for it to
secrete ACTH, which, in turn, causes cortisol to be secreted from the adrenal cortex. In
response to experiences of threat or challenge, the hypothalamus, largely through contact
with other brain centers, initiates a cortisol response. In turn, as part of a negative feed-
back loop, increasing levels of circulating ACTH and cortisol inhibit further release of
CRH. Although there is controversy as to how much biologically active maternal corti-
sol crosses the placenta (Gitau, Cameron, Fisk, & Glover, 1998; Glover, Teixeira, Gitau,
& Fisk, 1999), there is consensus that CRH and ACTH are synthesized by the placenta
(Sandman, Wadhwa, Chicz-DeMet, Porto, & Garite, 1999). Some evidence suggests that
in pregnancy, increased HPA-axis functioning is associated with elevated levels of psy-
chosocial stress (Wadhwa et al., 1996). Although still exploratory, the data indicate that
increases in maternal sympathetic and HPA-axis activity associated with stress may affect
the fetus and are consistent with animal models that highlight the potential impact of
altered maternal physiology on offspring development, particularly on the developing glu-
cocorticoid system in the fetal brain.

Psychosocial stress during pregnancy has been associated with alterations in neuro-
behavioral development in the fetus as well. In a comprehensive examination of fetal
ontogeny, DiPietro, Hodgson, Costigan, and Johnson (1996) assessed fetal variables in
relation to maternal variables. Fetuses of pregnant women who reported greater life stress
had reduced parasympathetic and/or increased sympathetic activation as measured by
reduced fetal heart rate variability (HRV). Moreover, fetuses of mothers who reported
greater stress and had faster baseline heart rate (HR) showed a delay in the maturation
of the coupling of fetal HR and movement, hypothesized to be an index of impeded
central nervous system development (DiPietro et al., 1996). Low socioeconomic status –
often associated with increased social stress – is associated with higher and less variable
fetal HR throughout the second and third trimesters (Pressman, DiPietro, Costigan,
Shupe, & Johnson, 1998).

Anxiety during pregnancy also has been linked to alterations in pregnant women’s
physiology and fetal behavior. Pregnant women who have high concentrations of CRH,
which is associated with increased anxiety and life stress, have fetuses with a diminished
capacity to dishabituate, that is, to respond significantly to the presence of a novel stim-
ulus after having habituated to a repeated series of stimuli (Sandman et al., 1999), indica-
tive of an alteration in CNS development.

In a recent study from our laboratory examining the effects of acute maternal 
stress and anxiety on fetal development (Monk et al., 2000), pregnant women’s 
anxiety was associated with differences in fetal HR activity. During a cognitive 
challenge to mothers in the final month of pregnancy, fetuses of women describing them-
selves as more anxious showed significant HR increases and the fetuses of less anxious
women exhibited nonsignificant decreases during the mental stressor. The data indicate
that over the course of gestation, maternal psychological variables such as stress and
anxiety acting via alterations in maternal physiology may influence fetal neurobehavioral
development.

Significantly, in children and adults, differences in cardiac functioning, such as
increased HR and reduced HRV, are associated with mood disorders (e.g., Monk et al.,
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in preparation; Sloan et al., 1994) and are believed to indicate weaknesses in an individ-
ual’s competency to modulate emotional reactivity (Porges, Doussard-Roosevelt, & Maiti,
1994). Furthermore, although the research in this area is just emerging, studies indicate
that there is continuity between fetal and infant development. For example, work from
the Kagan laboratory indicates that low resting HR during the prenatal period predicts
lower levels of crying and motoric responses to novelty at 4 months old (Snidman, Kagan,
Riordan, & Shannon, 1995). Using sonographic visualization, Groome found that fetuses
who move at certain rates during active sleep move at the same relative rate at 2 and 4
weeks postpartum (Groome et al., 1999). Other exploratory research suggests that a rel-
atively greater number of weak body movements, as opposed to strong, full-body ones,
was positively associated with the amount of crying during the first three months of life
(St. James-Roberts & Menon-Johansson, 1999). The authors speculate that an inability
to inhibit responsiveness is the common underlying characteristic linking increased fetal
body movements and greater crying. In the most extensive study of fetal to newborn con-
tinuities, DiPietro et al. (1996) found that indices of fetal neurobehavior accounted for
as much as 60 percent of the variance of infant temperament. In general, higher fetal
activity resulted in increased fussiness and inconsistent behavior, while greater periodic-
ity resulted in lower scores on these variables. Taken together, these findings indicate that
the development of fetal phenotypes – vulnerable to mother’s psychosocial stress – have
implications for the child’s future development.

Emerging Questions and the Future of Fetal Research

In this chapter, we have summarized normal stages of fetal development as well as recent
approaches to the study of risks for abnormal outcomes. A key implication of this work
is that what takes place prior to postnatal life is of central importance to the child’s devel-
opment. Hence, it is only a slight exaggeration to assert that the future success of devel-
opmental research rests, in part, on the attainment of an even better understanding of
the prenatal period.

Two overarching hypotheses will guide the majority of future fetal research: (1) the
premise that there is continuity between fetal and infant development; (2) the premise
that the in utero environment – from maternal nutrition to maternal stress hormones –
is significant to development just as the postnatal environment is. Furthermore, both of
these research premises are consistent with the contemporary approach to developmen-
tal studies known as dynamic systems (DS) (Karmiloff-Smith, 1998; Lewis, 2000; see
also chapter 3 in this volume). Briefly, DS theory emphasizes the dynamic, recursive inter-
actions inherent in developmental processes such that prior interactions continually 
shape subsequent ones and new structures or properties of the organism come into exis-
tence (emerge) through ongoing processes intrinsic to the organism–environment system.
Such an approach allows for the centrally directed, unfolding aspect of fetal development,
in which the progress of fetal development is largely protected from the vagaries of envi-
ronmental input, to the reality of immensely diverse outcomes resulting from the unique
cascades of interacting genes and subtly different environments. With its emphasis on the
inherently dynamic quality of development, DS theory provides an organizing perspec-
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tive for studies characterizing how developmental processes – and future trajectories – are
initiated long before birth.

As knowledge accumulates about the timing and mechanisms involved in the in utero
construction of the brain and central nervous system, particularly during the second and
third trimesters, future research endeavors will likely focus on the use of new technology
to investigate fetal and infant neurobehavioral continuities as well as on measuring dif-
ferences in babies exposed to alterations in the prenatal environment. Specific topics will
likely include:

• Characterization of fetal CNS development and its relation to infant brain–behavior
relationships as assessed by infant EEG and behavioral measures.

• Epidemiological, animal, and clinical investigations of how risk for adult diseases, such
as hypertension, may be “programmed” in utero by inadequate nutrition.

• Advances in genetic research detailing the mechanisms of cell proliferation, migration,
death, and connectivity during the fetal period, what factors influence these processes,
and the resulting neurobiological alterations to development.

• The influence of exposure to high levels of ambient air pollution during pregnancy
on fetal and newborn development using DNA and behavioral assays.

• The role of maternal stress as well as psychiatric conditions in the development of
child neurobehavioral problems.

• The possibility that fetuses experience pain.

The roots of infant development are being uncovered by paying closer attention to 
the nature and timing of prenatal gene–environment interactions. The identification 
of fetal phenotypes, and the underlying brain–behavior relationships, are the sine 
qua non for these investigations into the origins of normal and abnormal developmental
trajectories. Development begins before birth; increasingly, we are learning how to study
it that way.
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Chapter Nineteen

Early Intervention and Risk

Douglas R. Powell

Introduction

Early intervention programs for infants at risk of developmental delay due to family 
environment conditions or economic disadvantage have grown rapidly in the past four
decades. The expansion has been driven by widespread concern about the deleterious and
long-term effects of poverty on young children, stunning statistics about the incidence of
child abuse and neglect, images of families as increasingly less capable of providing
optimal childrearing environments for very young children, and by the “earlier is better”
assumption that prevention efforts at the beginning points of life are a prudent invest-
ment in the development of social capital.

Intervention efforts have grown in sophistication over time in response to advances 
in our understanding of how environmental factors interact with infant development.
Research results from well-designed longitudinal studies of early intervention programs
now offer promising points of departure for new initiatives. Studies of the long-term 
consequences of children’s early experiences in families also emphasize the magnitude 
of the intervention task that lies before us (Hart & Risley, 1995). At the same time, early
intervention policies and practices of the past four decades have been characterized 
by periodic hopes of huge benefits from minimalist efforts, such as expecting lasting 
intellectual gains from listening to the music of Mozart in infancy.

Beginning in the mid-1990s, interest in early intervention from birth or the prenatal
period also has been fueled by widespread attention to brain development in the first
three years of life. A public awareness effort highlighting research on brain growth in the
early years was launched with the help of Hollywood celebrity Rob Reiner, a national “I
Am Your Child” campaign that included extensive news media attention, a 1997 White
House Conference on Early Childhood Development and Learning, and a widely dis-
seminated report on the results of brain research (Shore, 1997).
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The case for intervention in the earliest years of life was made in an influential 
policy report issued by the prestigious Carnegie Corporation of New York, titled Start-
ing Points. The report poignantly summarized alarming numbers about infant mortality
rates, proportion of lower-birthweight babies, proportion of babies immunized against
childhood diseases, rates of babies born to adolescent mothers, and percentage of 
victims of physical abuse who are under the age of 1 year in the United States. The report
also cited research on brain development and the effects of early environments, noting
that the quality of young children’s environment and social experience has a decisive,
long-term impact on their well-being and ability to learn. The Carnegie report called 
for programs and policies that promote responsible parenthood, quality childcare 
choices, good health and protection, community-level supports for young children and
their families (Carnegie Task Force on Meeting the Needs of Young Children, 1994).
While critics have argued that findings of brain development research have been over-
stated and misunderstood (e.g., Bruer, 1999), programs for at-risk infants such as Early
Head Start continue to expand and scientific knowledge about infants’ intellectual devel-
opment continues to be sought by an eager lay public (e.g., Gopnik, Meltzoff, & Kuhl,
1999).

The 1960s are an appropriate starting point for a review of early intervention pro-
grams, although parenting education (Schlossman, 1976) and child care for infants
(Clarke-Stewart & Fein, 1973) have long histories. Scholarly work such as Hunt’s 
(1961) seminal volume on environmental influences and the ambitious early childhood
efforts of the United States federal government’s War on Poverty initiative ushered 
in a new era of attention to needs of young children living in economically disadvantaged
circumstances. Early programmatic approaches to infant education focused primarily on
the mother–infant dyad. By the early 1970s, growing concern about multiple stresses
facing families led to a broader early intervention focus on families and their environ-
ments. Especially influential was Bronfenbrenner’s (1974) report on the effectiveness of
early intervention that called for ecological intervention in the form of family support
systems. Equally influential was theoretical and empirical work on the concept of risk.
Specifically, the transactional model of development set forth by Sameroff and Chandler
(1975) contributed significantly to the field’s view of developmental outcomes as a
complex interplay of child and his or her experience rather than a function of the indi-
vidual alone or the context alone. Also, research results strengthened practitioners’ ability
to identify risk indices associated with child abuse and neglect (Gray, Cutler, Dean, &
Kempe, 1979).

The employability skills of low-income adults became a prominent United States
domestic issue in the 1990s, prompting welfare reform policies that emphasize job skills
and work. Parents of very young children are not immune from society’s welfare-to-work
goals, and in the 1990s early intervention strategies were incorporated into programs 
also aimed at improving low-income parents’ job-related skills. The programs attempt to
integrate two historically separate interventions: (1) self-sufficiency services designed to
improve parents’ educational levels, vocational skills, and employability, and (2) child
development services that may include preventive health care, parenting education, and
high-quality child care or early childhood education (Smith & Zaslow, 1995). These are
often called two-generation programs.
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This chapter reviews the nature and effectiveness of early intervention programs aimed
at infants of low-income families and families at risk of child maltreatment. Important
differences exist across early intervention programs in terms of content, methods, and
theoretically based assumptions about the direction of influence in parent–child interac-
tion (Cowan, Powell, & Cowan, 1998). Accordingly, this chapter attempts to summarize
the distinguishing features of an intervention so as to avoid perpetuating the notion that
all home visiting is alike, for instance. Program descriptions and research are organized
into two major approaches to early intervention: programs that work primarily with
parents, and programs that provide services directly to child and to parent. Program dif-
ferences within each set are noted. The chapter ends with an identification of key issues
facing early intervention targeted at infants and their families.

Focus on Parents

Most early intervention programs aimed at infants work with parents (almost exclusively
mothers) in an attempt to have influence on the child’s home environment. Home visit-
ing is especially common. Among its benefits are the program worker’s opportunity to
secure first-hand information about the home and family circumstances in which the
child is being reared, including the opportunity to tailor program content to family pref-
erences and conditions. The interventions described in this section work primarily with
parents, although their goals encompass child outcomes. The programs are organized into
three subcategories based on a program’s primary emphasis regarding the content or sub-
stance of the intervention and the desired outcomes. It is now common for early inter-
vention programs to embrace a range of outcomes, and the categorization of programs
offered herein represents a program’s degree of emphasis on an area rather than the entirety
of its approach.

Parenting Education with Emphasis on School-Related Outcomes

The need to improve economically disadvantaged children’s intellectual skills, especially
as preparation for school success, has been a central concern of society during the four
decades covered by this chapter. Three home-visiting programs developed during the
1960s contributed in major ways to our early understanding of whether parent-focused
work is an effective way to support child development in lower-income families. They
are the Mother–Child Home Program (Levenstein, 1972), the Florida Parent Education
Infant and Toddler Program (Gordon, Guinagh, & Jester, 1972), and the Ypsilanti-
Carnegie Infant Education Project (Lambie, Bond, & Weikart, 1974). The Mother–Child
Home Program remains active today through training and technical assistance services
offered through the National Center for Mother–Child Home Program in Wantagh, New
York.

These early programs were pioneers in the application of child development theory
and research to the design of program strategies for enhancing parents’ support of 
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infant and toddler development. Piaget’s description of the sensorimotor stage of 
development was a significant, although not sole, basis of information and activities
offered to parents in the Ypsilanti-Carnegie Infant Education Project and the Florida
Parent Education Infant and Toddler Program. Language development theory and
research was the starting point for Mother–Child Home Program’s emphasis on verbal
interactions. While conceptual and pedagogical differences clearly existed across these pro-
grams, they had a common focus on activity-based parent–child interaction. In the
Florida program, for example, a paraprofessional parent educator taught the mother an
activity she was expected to do during the week with her infant. In the Mother–Child
Home Program, “toy demonstrators” conducted home play sessions with mother and
toddler together around gifts of toys and books. Although parent–child activities were
the focus of home visits in these programs, visitors were not uninterested in the range of
issues faced by the lower-income families they served. For example, in the Ypsilanti-
Carnegie program, home visitors reportedly acknowledged and listened to parents’ prob-
lems and concerns, made referrals to community services when appropriate, and
recognized that a child-focused parenting education program cannot be all things to all
people (e.g., Lambie et al., 1974).

The early programs also were among the first to systematically examine the effects of
parent-focused interventions in the very early years of children’s development. The Florida
Parent Education Program and the Mother–Child Home Program were among the 14
projects in the Consortium for Longitudinal Studies (1983) organized in 1975 to answer
the question of whether early education programs had measurable long-term effects on
the performance of children from low-income families. Studies were generally based on
quasi-experimental designs yielding short- and long-term program effects on child out-
comes that were promising but not robust.

The Mother–Child Home Program (MCHP), which begins when children are 2 years
of age, has been subjected to more evaluation than other interventions in this early 
group of programs. A quasi-experimental design study of the MCHP found mean 
Stanford–Binet differences of 13 points between MCHP and control groups one year
postprogram (Madden, Levenstein, & Levenstein, 1976). A subsequent experimental
evaluation of the MCHP found small effects on preschool children’s intellectual achieve-
ments and mothers’ behaviors and no effects in preschool. Interestingly, a variation of the
program in which toys and books were supplied without home visits was as effective as
the full program on children’s IQ but not on maternal behavior (Madden, O’Hara, &
Levenstein, 1984). Levenstein and colleagues report that, in a recent exploratory follow-
up study, young adults who had participated in the MCHP as toddlers were significantly
less likely than randomized controls to drop out of school (15.7 percent vs. 40 percent)
and more likely to have graduated (84.1 percent vs. 53.9 percent) (Levenstein, Leven-
stein, Shiminski, & Stolzberg, 1998). Scarr and McCartney (1988) examined effects of
the MCHP in Bermuda using random assignment with a socioeconomically diverse
sample and a broad range of cognitive, social, and emotional outcome measures. Results
indicated that the program had few demonstrable effects on any segment of the sample,
including the socioeconomically disadvantaged. Scarr and McCartney speculate that one
reason for the lack of effects is that nearly all children in Bermuda were in group child
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care due to maternal employment, and thus they had preschool experiences that are 
comparable to those provided by the intervention.

Parents as Teachers (PAT) is a widely used program that endeavors to improve chil-
dren’s school readiness through parent education and support in the early years. Estab-
lished as a pilot program in Missouri in 1981, the program has now served more than
500,000 families in more than 2000 sites in 49 states and six foreign countries. The
program’s premise is that “babies are born learning” and “parents are their first and most
influential teachers” (Winter, 1999). The program seeks to increase parents’ knowledge
of child development and appropriate ways to foster their child’s growth and learning.
Specific outcomes focus on school success, prevention of child abuse and neglect, and
home–school–community partnerships. Personal visits usually carried out in the home
are a core program service. There is a detailed curriculum that sets forth parent–child
activities and information for each visit. Visits are to be one hour in length and are sched-
uled at a frequency that accommodates local budgets and presumably family needs
(weekly, biweekly, or monthly). The program design also calls for periodic group meet-
ings which provide opportunities for parents to share insights and to build informal
support networks. Further, parents and home visitors are to monitor children’s progress
to detect and address any developmental problems, and families are to be linked with
needed community services. The home visitors, known as parent educators in the PAT
program, are given one week of preservice training in delivering the PAT model by train-
ers certified by the Parents as Teachers National Center.

Like most research on home visiting, evaluations of PAT generally have entailed quasi-
experimental designs with working- or middle-class white families and/or populations
living in nonurban areas. Summaries of some ten studies of PAT (Winter, 1999) gener-
ally point to positive child outcomes, especially intellectual competence (e.g., Pfannen-
stiel & Seltzer, 1989). These studies leave unanswered the question of whether PAT is an
effective intervention with low-income, minority, and at-risk families.

Recently an evaluation was conducted of PAT’s effectiveness with a largely low-income
Latino population in Salinas Valley in northern California (Wagner & Clayton, 1999).
The program began as a pilot in 1990 and randomized trial was begun in 1992. 
There was a “graduation” of participating families in 1996 when children reached their
third birthdays. Salinas Valley is primarily an agricultural area with a predominantly
Latino population and high demand for seasonal farm labor. Unemployment was the
highest in the state at the time of the PAT demonstration. Families with children no older
than 6 months were recruited to the program through programs such as local Women,
Infants, and Children (WIC) office. Evaluators randomly assigned 497 families to 
participant and control groups, with a 60 percent probability of assignment to the 
participant group (n = 298) and a 40 percent probability of assignment to the control
group (n = 199).

Monthly home visits were offered to the PAT group for as long as families chose 
to remain in the program, up to the child’s third birthday. PAT program participants
received an average of 20 visits over three years, ranging in length from 28 to 50 minutes.
Less than 15 percent of participant group families attended any group meetings. 
Attrition from the program was high: 43 percent left the program over three years.
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However, family tracking procedures and incentives enabled researchers to secure assess-
ments for almost 73 percent of the original sample at the time of the children’s third
birthdays.

Overall, there were no PAT effects on parenting knowledge, attitudes, or behaviors,
but there were small to modest positive effects on other aspects of child development,
including self-help, social, and cognitive development. An analysis of differential 
effectiveness pointed to program benefits for Latino families but not for non-Latino 
families served by the Salinas Valley PAT program. Specifically, Latinas scored higher 
on a measure of parenting sense of competence than non-Latinas, and the children of
Latina mothers received greater program benefits (i.e., better scores in assessments 
of self-help, social, and cognitive development) than children of non-Latina mothers.
Children of Spanish-speaking Latina mothers appeared to benefit the most within 
this population comparison; effects were marginally larger for children of Spanish-
speaking Latina mothers. Based on divorce and separation rates in the sample, Wagner
and Clayton (1999) speculate that the poor outcomes for non-Latina mothers and their
children may have been a function of significantly higher rates of marital instability during
the Salinas Valley PAT program. Overall, greater exposure to the Salinas Valley PAT
program (which may be a proxy for other family variables) was not associated with greater
parenting effects, but remaining in PAT through the children’s third birthdays was sig-
nificantly related to higher scores in cognitive, social, and self-help domains of children’s
development.

It is not surprising to find modest results from what arguably can be seen as a mini-
malist intervention with a population that is difficult to serve. Even among those fami-
lies that persisted with the Salinas Valley PAT to the child’s third birthday, there was an
average of 28 home visits in three years and more than 40 percent had gaps of four months
or more in their home visits, mostly because families returned to Mexico for extended
periods each winter. It appears that PAT worked best in Salinas Valley for children of
Latina families with limited English proficiency who were able to remain in PAT through
three years.

Home Visiting from an Ecological Perspective

As noted in the introduction to this chapter, in the 1970s early intervention programs
shifted from an almost exclusive focus on the mother–child dyad to concern for the family
and community contexts of the parent–child relationship. Bronfenbrenner’s (1974) con-
clusion that early intervention should provide family support systems led to an ecologi-
cal approach to a number of early interventions. Several types of strategies are described
below.

Parenting Education and Family Case Management

Case management is a common approach to helping families make connections with
social, educational, and health services in a community. Often a goal of the case manager
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is to foster an integration of services that are tailored to a family’s needs. Case manage-
ment was a core element of the federal Comprehensive Child Development Center
Program (CCDP), one of the country’s largest and most visible two-generation inter-
ventions. CCDP sought to enhance the physical, social, emotional, and intellectual devel-
opment of children in low-income families from birth to age 5; provide support to their
parents and other family members; and assist families in becoming economically self-
sufficient. Eligible families included those with incomes below the federal poverty line,
and with unborn children or children under 1 year of age (focus child). Families were to
agree to participate in the program for five years. The program was launched in 1989 and
1990 in 24 sites in 22 states. Close monitoring was carried out in an effort to minimize 
local variations and thus enable a strong test of a single, coherent model (St. Pierre &
Layzer, 1999).

The CCDP used home visiting to provide case management and early childhood edu-
cation. Visits were to begin during each focus child’s first year of life and continue until
the child entered school. Visits were conducted two to four times per month, varying
from 30 to 90 minutes in length. For children from birth through 3 years of age, the
early childhood education services were delivered through home visits focused on par-
enting education. At least one-half of the CCDP children had enrolled in a center-based
program by age 4 or 5 years. In many projects, the case management staff person also
provided the early childhood education component during a single home visit. In other
projects, the case manager and another staff person with early childhood training (but no
case management responsibilities) visited the home on alternating weeks.

Case managers were to assess the goals and service needs of individual family members
and the family as a whole, develop a service plan, refer the family to services in the com-
munity, monitor the family’s receipt of services, and provide counseling and support to
family members, especially mothers. A formal family needs assessment was conducted
within three months of enrollment and every six months thereafter. It was to be updated
every three months and, importantly, to serve as the basis for a service delivery plan. Com-
monly specified goals of families included better housing, improved parenting skills, access
to child care and health care, better transportation, and increased income. In response,
programs attempted to provide access to a range of services for parents (e.g., job train-
ing, housing referrals) and for children (e.g., developmental screening and assessment,
health care). Initially in the program, case managers were paraprofessionals (see subse-
quent section on Issues).

Each program had an early childhood coordinator who selected or developed a cur-
riculum for the early childhood component of the home visits. This person also trained
the home visitors to deliver the services. The focus was on educating parents in infant
and child development and in parenting skills rather than working with children directly.
A typical session would look like this: the home visitor would suggest an activity to the
parent, the parent would engage the child in the activity, and the home visitor would
comment or maybe suggest alternative approaches and other activities. For parents who
seemed hesitant, the home visitor might demonstrate the activity with the child. The
biweekly sessions lasted about 30 minutes. Thus, a parent who was present for every
session received a maximum of 13 hours of parenting education a year from CCDP (St.
Pierre & Layzer, 1999).
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An experimental evaluation of CCDP’s effects was conducted in 21 of the original 24
program sites. The total sample consisted of 4410 families (2213 assigned to CCDP and
2197 assigned to the control group). Data were collected annually for a five-year period
beginning in 1990. Overall, the study sample was racially/ethnically diverse (43 percent
African American, 26 percent Hispanic, 26 percent white), low income, and poorly 
educated (51 percent of mothers had not graduated from high school at the point of
entering CCDP). More than one-third of the mothers were under 18 years of age when
they gave birth to the focus child.

The results are easily summarized: CCDP did not produce any important positive
effects on participating parents or children when compared with control group 
families. Specifically, CCDP had no statistically significant effects on participating
mothers’ economic self-sufficiency or parenting skills. There were no program effects on
focus children’s cognitive or social-emotional development or health. Also, there were no
differential effects on subgroups of participants (e.g., teen parents). Further, the length
of time a family was enrolled in CCDP was not associated with statistically significant
difference in outcomes achieved; on average, families were enrolled for 3.3 years. Positive
changes that occurred in the lives of CCDP families (e.g., increases in vocabulary and
achievement scores, mothers in the labor force) also occurred in control group families.
One of the 21 sites (Brattleboro, Vermont) had statistically significant and moderately
large positive effects on children’s cognitive development; families’ employment, income
and use of federal benefits; and parenting attitudes. Researchers speculate that a unique
mix of factors in this site (e.g., relatively high level of state services to low-income 
families, experienced and stable senior staff, clear project focus on children and their 
education) may have combined to contribute to positive program effects (St. Pierre &
Layzer, 1999).

The aforementioned Parents as Teachers (PAT) program was combined with compre-
hensive case management services for adolescent parents in a demonstration program
launched in 1991 in four California communities (Wagner & Clayton, 1999). The intent
was to produce positive life changes for both parents and children. Both a case manager
and a PAT parent educator served each family. Case management services focused on
achieving such positive outcomes as improved education and postponed repeat child-
bearing for the young mother. The demonstration included a combined intervention of
PAT and case management as well as stand-alone PAT and case management interven-
tion groups. Teens were eligible for the program if they were less than 19 years of age 
and either were pregnant or had babies who were less than 6 months of age. Evaluators
randomly assigned the adolescents into one of four groups: (1) PAT alone, (2) case 
management alone, (3) PAT plus case management, and (4) an untreated control group.
The total sample of 704 families was diverse in terms of ethnic and socioeconomic char-
acteristics. About one-half of the mothers were Latina, about one-quarter were African
American, and the remainder were Caucasian. Mothers were between 15 and 18 years of
age at time of enrollment, and the majority were enrolled in or had completed high
school. Few mothers were married.

The PAT and combined intervention groups were offered monthly home visits and
PAT group meetings through the children’s second birthdays. Participants received 
an average of ten visits during the two-year period. Participant attendance at group 
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meetings was low, similar to the case for the Salinas Valley PAT program described earlier.
The comprehensive case management services, modeled after California’s Adolescent 
Family Life Program, entailed face-to-face contacts provided as often as teens needed but
at least quarterly. Case managers provided referrals or arranged for services to address
issues such as psychological functioning, health status, nutrition, and education and voca-
tional goals. In the combined intervention group, case management contacts were 
separate from the PAT program visits. On average, participants in the case management
and combined intervention groups received ten case management contacts in two years.
Thus, a teen mother in the combined intervention group received an average of 20 
in-person contacts from both PAT and case management staff during the program. 
There were additional telephone contacts (an average of six for the PAT group, eight for
the case management group, and 17 for the combined intervention group). There was a
significant level of attrition: at the program’s two-year end, data were collected for only
52 percent of the original families (51 percent of each intervention group and 54 percent
of control group teens). In other words, 57 percent of teens in the three intervention
groups left the Teen PAT program before their children’s second birthdays (Wagner &
Clayton, 1999).

The Teen PAT program had little or no benefit on most outcome measures for 
either parents or children from PAT services, either alone or in combination with 
case management services. Specifically, the Teen PAT program had no effects on parent-
ing knowledge, but there was a positive impact on a subscale measuring acceptance 
of children’s behavior among teens in the combined intervention. Children in the 
combined intervention experienced significant gains of one or more months over the
control group in cognitive development, and there were significantly fewer opened 
cases of child abuse or neglect. There was a significantly higher rate of full immu-
nization in the case management only intervention. Greater exposure to program 
services was not related to greater parenting impacts, similar to the Salinas Valley 
PAT finding, and only cognitive development was influenced positively when teens
received the intended level of exposure of case management contacts (four per year) 
in the case management group only. The Teen PAT program used the general PAT cur-
riculum, and the Parents as Teachers National Center subsequently developed a new 
curriculum and training program for parent educators who work with teen parents
(Wagner & Clayton, 1999).

Case management may be a flawed way to organize support for a family. The CCDP
and Teen PAT evaluations provide no evidence for the effectiveness of this approach
through home visits with families with very young children. Bickman (1996) also found
that an integrated continuum of mental health and substance abuse services for children
and adolescents did not produce better clinical outcomes than those at a comparison site.
The CCDP program evaluators suggest that social programs may be more effective if 
services are provided directly rather than through an organization of existing services 
(St. Pierre & Layzer, 1999).

Adult-focused interventions often give little or no attention to children. Inattention
to children is common for adolescent pregnancy and parenthood interventions, for
instance; programs assume that improved functioning of the teenager in turn will con-
tribute to improved child outcomes (Coley & Chase-Lansdale, 1998). In contrast, the
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CCDP and PAT programs were clearly interested in child outcomes, yet indirect means
to these ends – through a modest amount of parenting education work in the home –
were employed. The biweekly, 30-minute in-home parenting education work offered
through the CCDP, for example, is a minimalist intervention in a family system that most
likely already has a well-entrenched set of childrearing beliefs and practices (St. Pierre &
Layzer, 1999).

Home Visiting with Emphasis on Health-related Outcomes

It is informative to compare results of the CCDP and Teen PAT case management strat-
egies to results of two well-known home-visiting programs, the Nurse Home Visitation
Program (Olds et al., 1999) and Hawaii’s Healthy Start Program (Duggan et al., 1999).
Neither program uses the “case management” term in a dominant way to describe the
assistance given to parents, yet the home visitors in each of these two programs seek to
help families make productive connections with existing resources in the community.
Importantly, both programs give major, although not exclusive, attention to improving
the health-related outcomes of mothers and their young children. One of the significant
differences between these two programs is the use of professional nurses versus trained
paraprofessionals.

The Nurse Home Visiting Program (NHVP) was established in 1977 in Elmira, New
York as a research demonstration program, and as of July 1998 was operating in 70 com-
munities in ten states, serving approximately 2500 families. Nurses visit first-time, low-
income mothers and their families in their homes during pregnancy and the first two
years of the child’s life. There are three goals: (1) to improve pregnancy outcomes by
helping women alter their health-related behaviors (e.g., reduce use of cigarettes, alcohol);
(2) to improve child health and development by helping parents provide more respon-
sible and competent care for their child(ren); and (3) to improve families’ economic self-
sufficiency by helping parents engage in future planning, including future pregnancies,
further education, and work. The plan is to conduct home visits every week to two weeks,
but the frequency of home visits varies by stage of pregnancy, child age, and the mother’s
needs.

Nurses follow a detailed protocol for each visit. For example, during pregnancy, the
nurses help women complete 24-hour diet histories on a regular basis and plot weight
gains at every visit. They also teach women to identify the signs and symptoms of preg-
nancy complications. After delivery, the nurses help mothers and other caregivers observe
the signs of illness and to take temperatures, for instance, and promote parent–child inter-
action by helping parents understand their infants’ and toddlers’ communicative signals.
In addition to helping promote behaviors that affect pregnancy outcomes and the health
and development of children, the nurses help women build supportive relationships with
family members and friends, and link women and their family members with needed
health and human services. The visits last between 75 and 90 minutes each (Olds et al.,
1999).

A randomized trial of the NHVP was conducted in Elmira with more than 400
women, 85 percent of whom were either unmarried, adolescent, or poor. Women who
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participated in the program experienced greater informal and formal social support,
smoked fewer cigarettes, had better diets, exhibited fewer kidney infections by the end of
pregnancy and, among those identified as smokers, were less likely to have a premature
baby (Olds, Henderson, Tatelbaum, & Chamberlin, 1986). The program was helpful in
reducing abuse and neglect among poor unmarried mothers, and in reducing emergency
room visits for injuries among all children, irrespective of risk (Olds, Henderson, Cham-
berlin, & Tatelbaum, 1986). Four years after the delivery of their first children, partici-
pants in the program who were low-income and unmarried at the time of program entry
were found to have had fewer subsequent pregnancies and greater participation in the
workforce (Olds, Henderson, Tatelbaum, & Chamberlin, 1988). A 15-year follow-up of
the Elmira sample found no differences on maternal life-course indices such as subse-
quent pregnancies or subsequent births for the full sample. However, there were differ-
ences for program participants who were poor and unmarried at the time of program
entry in a number of maternal life-course areas, including fewer subsequent births, longer
time between the births of their first and second children, fewer months on welfare, and
fewer months receiving food stamps. Also in the 15-year follow-up, the adolescent chil-
dren of poor unmarried program participants reported fewer instances of running away,
fewer arrests, fewer convictions and violations of probation, fewer lifetime sex partners,
fewer cigarettes smoked per day, and fewer days having consumed alcohol in the past six
months (Olds, Henderson, Cole, et al., 1998). A vast majority of the Elmira sample was
white. Recently Olds and colleagues have replicated the Elmira intervention with a ran-
domized trial in Memphis, Tennessee with a largely African American population. Short-
term findings are similar to those found in higher-risk Elmira groups (Kitzman, Olds,
Henderson, et al., 1997; see also Olds et al., 1999).

In contrast with the use of nurses in the NHVP, paraprofessional lay home visitors
were used in seven programs represented in the Child Survival/Fair Start initiative
launched in the early 1980s (Larner, Halpern, & Harkavy, 1992). The intent of the com-
munity helpers was to assist disadvantaged, low-income mothers with infants in access-
ing available health, nutrition, and childrearing supports in order to improve their
capacity for self-care. Quasi-experimental designs were used to study each program.
Among the six programs with evaluation components, populations included barrio 
families in Texas, young African American mothers in rural Alabama, isolated families in
Appalachia, migrant Mexican American farmworkers in south Florida, recent Haitian
immigrants, and adolescent parents in several cities. Results across the programs point 
to “mixed, conditional” effects (Larner, 1992, p. 242) on a range of outcome areas. Five
of the six programs had significant effects on at least three major outcomes, some in the
prenatal period and others following birth (e.g., increased use of well-child checkups).

Hawaii’s Healthy Start Program (HSP) evolved from a home-visiting program estab-
lished in the mid-1970s and based on Kempe’s lay therapy model (Gray et al., 1979).
The program is designed to prevent child abuse and neglect and to promote child health
and development in newborns of families at risk for poor child outcomes. There are two
main program components: (1) early identification of families with newborns at risk of
child abuse and neglect, and (2) home visiting by trained paraprofessionals.

Early identification involves review of a mother’s medical record at the obstetrical unit.
Family risk for abuse is measured in 15 areas, including parents not married, unemployed
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partner, inadequate income, unstable housing, less than high school education, marital
or family problems, history of depression, and inadequate prenatal care, among other
items. When a mother’s record suggests risk or provides insufficient information, Kempe’s
(1976) Family Stress Checklist is used to secure a more precise understanding of risk. In
the home-visiting component offered to families at risk of child abuse or neglect, para-
professionals seek to establish a trusting relationship with parents and actively assist in
addressing existing crises, role model problem-solving skills, and help link families with
needed services such as housing, income, nutritional assistance, and child care. Home vis-
itors also provide parenting education by modeling effective parent–child interaction and
ensuring that each child has a continuing source of pediatric care (a “medical home”).
The HSP model calls for three to five years of home visiting of decreasing intensity as
families achieve milestones. It is anticipated that families will receive weekly home visits
for the first year of program participation. Individualized service plans are to be devel-
oped at least every six months, with a focus on achievable goals such as getting infant
immunizations (Duggan et al., 1999).

The most recent study of HSP is an attempt to determine the success of expanding
HSP to six sites serving geographically defined communities on Oahu. Random 
assignment has been used to form an intervention group (373 families), a main 
control group (270 families), and a testing control group (41 families) that is evaluated
only at three years to assess whether the study’s intensive data collection has influenced
outcomes.

The findings tell of difficulties of working with high-risk populations. Not unlike the
Teen PAT program described earlier, HSP program workers found it challenging to engage
and retain the participation of some families. For instance, home visitors were unable to
make direct contact with 3 percent of referred mothers and never visited another 9
percent. For the 88 percent with at least one visit, the time from birth to the first visit
was 23 days on average. In terms of attrition, 10 percent of referred families were con-
sidered inactive by their program sites by the time the child was 3 months of age, 30
percent by 6 months, 44 percent by 9 months, and 51 percent by 12 months. For all
referred families, there was an average of 13 home visits in the infant’s first year. For fam-
ilies still active at one year, there was an average of 22 visits, with nearly half visited at
least every two weeks. Outcome results indicate that, after two years of service provision,
HSP was successful in linking families with pediatric medical care, improving maternal
parenting efficacy, decreasing maternal parenting stress, promoting the use of nonviolence
discipline, and decreasing injuries resulting from partner violence in the home. However,
there was no overall positive program on the adequacy of well-child health care, mater-
nal life skills, mental health, social support, or substance use, child development, the
child’s home learning environment, parent–child interaction, pediatric health-care use for
illness or injury, or child maltreatment (Duggan et al., 1999). Important differences were
found across agencies in terms of implementation of the program, and these results are
discussed in the final section of this chapter.

The Healthy Families America (HFA) program launched in 1992 by the National
Committee to Prevent Child Abuse (now known as Prevent Child Abuse America) was
initially guided by Hawaii’s HSP and other family support initiatives. HFA seeks to
promote positive parenting and to prevent child abuse and neglect. HFA services have
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been implemented in more than 300 communities in 40 states, the District of Colum-
bia, and Canada. A network of researchers examining the HFA program in diverse sites
has been established and preliminary findings, mostly from quasi-experimental designs,
suggest that HFA programs may have the most success at improving parent–child inter-
actions (Daro & Harding, 1999).

Interventions with Emphasis on Reworking Parents’ Past Experiences

In the past two decades there has been expansion of a unique set of intervention pro-
grams aimed at helping the mother rework existing understandings (or “working models”)
of intimate relationships. Attachment theory typically provides a framework for these
interventions (van IJzendoorn, Juffer, & Duyvesteyn, 1995). Interventionists focus
directly with the parent–infant relationship, and the relationship between mother 
and interventionist is viewed as a key element of the change process (e.g., Booth, 
Mitchell, Barnard, & Spieker, 1989). For instance, the initial session in the Infant–
Parent Psychotherapy Program is used to address a mother’s negative expectations about
the therapist or the program (Lieberman & Pawl, 1993; Lieberman, Weston, & Pawl,
1991). Trust-building experiences are key, and may involve instrumental support 
such as driving the mother to an appointment. Infant mental health intervention pro-
grams often assume that parents have had past negative experiences in intimate relation-
ships, such as rejection or abandonment, that need to be reworked through the
intervention program.

The Steps Toward Effective, Enjoyable Parenting (STEEP) program (Erickson &
Egeland, 1999) illustrates the use of attachment theory in early intervention. Established
in 1987, the STEEP program is designed to promote healthy parent–child relationships
and to prevent social and emotional problems among children born to first-time parents
characterized by such risk factors as poverty, youth, limited education, social isolation,
and stressful life circumstances. Participants are recruited through obstetric clinics during
the second trimester of their pregnancy. The program consists of a mix of biweekly group
sessions and biweekly home visits. In keeping with the relationship-based nature of the
program, the home visitor is also the same person who conducts the group sessions for a
cohort of eight to ten families. Home visits begin at time of enrollment and continue
until the child’s second birthday, if not longer. Participation in the group sessions begins
shortly after the babies are born. The program is designed to enhance parents’ under-
standing of child development, strengthen parents’ use of social support, and help parents
reflect on what they learned in their own early relationships and how that influences the
way they respond to their own children. In this latter area, STEEP program facilitators
help parents “examine their own working models, confront sometimes painful memories,
and identify positive experiences they wish to pass on to their children” (Erickson &
Egeland, 1999, p. 13). If there are missed appointments, the STEEP program facilitator
continues to show up for as many visits as have been agreed upon, in an effort to demon-
strate that the worker will not reject or abandon the parent.

The group sessions begin with parent–child interaction time, with developmentally
focused planned activities that may be altered if the facilitator wishes to pursue a 
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spontaneous teachable moment in the session. This interaction time is followed by a
casual meal and then “mom-talk” time while babies remain with caregivers who provide
developmentally appropriate activities. “Mom-talk” time is for informal support and 
semi-structured activities that address the parents’ own issues (e.g., balancing child and
adult needs).

The STEEP program uses videotaped parent–infant interaction to heighten parents’
sensitivity and responsiveness to their child’s needs. Parent and infant are videotaped 
in a routine task (e.g., feeding) or unstructured play interaction. The STEEP facilitator
uses a process of open-ended questions to encourage parents to focus on “what their 
baby is telling them and to recognize their own skills in adapting to their baby’s needs”
(Erickson & Egeland, 1999, p. 12). It is a tool for stimulating discussion of child devel-
opment and helping parents see through their child’s eyes. Among other benefits such as
providing a permanent record for monitoring the family’s progress over time, the 
videotape reportedly becomes a treasured keepsake for the family.

An evaluation of the STEEP program with 154 pregnant women (92 percent single),
one-half assigned to the intervention and one-half to a control group, found posi-
tive program effects on mothers’ understanding of child development, life manage-
ment skills, depressive symptoms, repeat pregnancies (within two years of the birth 
of the baby), and sensitivity to their child’s cues and signals. However, there were no dif-
ferences between the intervention and control group mothers in quality of attachment
when babies were 13 and 19 months of age (Erickson & Egeland, 1999; Egeland & 
Erickson, 1993).

Research on the Infant–Parent Psychotherapy Program, which used clinically trained
professionals, indicates that intervention mothers had higher scores than control mothers
in empathy and interactiveness with their children, and their toddlers had higher scores
than controls on quality of partnership with their mothers. At 24 month of age, toddlers
who had earlier shown avoidance, resistance, and anger when their mothers returned after
a short absence now showed increased signs of secure attachment after their mothers
received one year of intervention. There was no improvement over the same period for
control toddlers who entered the study with anxious attachment (Lieberman & Pawl,
1993).

Focus on Children and Parents

Interventions that provide services directly to child and to parent are the focus of this
section. Obviously the programs described in the preceding section had child outcomes
as a primary goal, but services for children were provided indirectly by the intervention
program via parent-mediated resources or linkages with social, health, and educational
agencies in the community. In contrast, the interventions described below included an
educational component provided directly to the target child and they also include direct
work with the parent. The interventions are presented chronologically in terms of start
date, so as to highlight changes over time in the early intervention research and program
development knowledge base.
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Head Start’s Parent–Child Center program was among the first parent–infant programs
to be offered on a relatively widespread basis nationally. Launched as a pilot effort in 1968
as part of the War on Poverty effort, the program initially was located in 36 commu-
nities across the United States. The centers offered programs for children, programs and
activities for parents and other family members, health and nutrition services, and social
services (Lazar et al., 1970).

The early experiences of the Parent–Child Center are a reminder of the limitations of
available expert knowledge about how to work with infants and toddlers from econom-
ically disadvantaged families in center-based programs in the late 1960s. Program evalu-
ators found that program staff were better qualified to deal with parents than with infants;
in most centers, staff had a limited repertoire of activities to engage the infants and a
limited knowledge of characteristics of infant and toddler development. As a result,
program services for children were the weakest components of the Parent–Child Centers.
Evaluators found, for instance, that some staff interactions with babies were well inten-
tioned but developmentally inappropriate, and that equipment and activities designed for
4- and 5-year-old children often were introduced to 2- and 3-year-old children; typically
the toys, trikes, chairs, tables, sinks, and puzzles were too big and too complicated for
children under 3 years of age (Lazar et al., 1970).

The early experiences of the Parent–Child Centers also illustrate the challenge of 
maintaining a program focus on infant education in the context of overwhelming 
family problems. Programs learned that “it is extremely difficult to launch a baby-
oriented program when the basic desperate needs of parents are not met” (Lazar et al.,
1970, p. 409). As a result, early implementation of the program offered relatively little
for the child; more program time and money were devoted to adults than directly to
infants. Other center-based programs for low-income parents of infants and toddlers
encountered a similar press among parents to address the daily obstacles of living in
poverty. A content analysis of open-ended conversations among mothers of children under
3 years of age who participated in long-term parent discussion groups while their young
children attended an educational children’s program found that topics related to basic
family needs dominated discussions for at least the first three months of a group’s 
existence. Conversations squarely focused on children’s development eventually occupied
an increasing amount of group discussion time over a one-year period (Powell & 
Eistenstadt, 1988).

Probably the most sophisticated program development and research effort regarding
comprehensive programs in the late 1960s and early 1970s was the Parent–Child Devel-
opment Center (PCDC) initiative. Programs were to be developed, stabilized, evaluated,
and then replicated and evaluated again in different sites (Dokecki, Hargrove, & Sandler,
1983). Three original PCDC sites were established in New Orleans, Houston, and 
Birmingham, Alabama. Each offered comprehensive services to low-income families with
young children. The curriculum for mothers included information on child development
and childrearing practices, home management, nutrition and health, and personal devel-
opment, and the use of community resources. There was a simultaneous program for chil-
dren and an array of medical and social services for participating families. Mothers were
to remain in the program until their baby was 36 months of age. This general model had
variations across the three sites, including the entry ages of children (ranged from 2 to
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12 months), staging and mix of home- versus center-based services, and approaches to
teaching and learning (Andrews et al., 1982).

Experimental evaluations of the PCDC program found that children in each of the
three sites achieved superior Stanford–Binet scores at the time of program graduation
(when children were 36 months of age), and program mothers scored significantly higher
than control group mothers on dimensions of positive maternal behavior. Significant 
differences between program and control group mothers emerged on several maternal
dimensions after 24 months of participation. The PCDC children maintained their IQ
gains one year after leaving the program (Andrews et al., 1982) but not beyond (Bridge-
man, Blumenthal, & Andrews, 1981). A 1- to 4-year follow-up study of the effects of
the Houston PCDC found that boys whose mothers did not participate in the program
exhibited more negative behavior than boys whose mothers did participate (Johnson &
Breckenridge, 1982).

Two other research-based comprehensive programs developed during this early 
period also are important to note. Both were based in one site only and used quasi-
experimental designs to study program effects.

The Yale Child Welfare Project was a small but intensive family support program pro-
vided to 17 impoverished inner-city families who delivered a healthy firstborn child in
1968–1970. The program began during the mother’s pregnancy and continued to 30
months postpartum. Each family received pediatric care, social work, child care, and 
psychological services provided in an individualized manner by a four-person team of
pediatrician, home visitor, primary child care worker, and developmental examiner
(Provence, Naylor, & Patterson, 1977). A ten-year follow-up study of 18 children from
17 families and a control sample of 18 children from 18 families found positive program
effects on intervention children’s school attendance and boys’ use of special school ser-
vices, but no program effects on children’s IQ scores. Program mothers were more likely
to be self-supportive, have more formal education, and have smaller family sizes than
mothers who had not been in the program (Seitz, Rosenbaum, & Apfel, 1985). A later
follow-up study found benefits for the intervention children’s siblings (or program “dif-
fusion effects”). Intervention program siblings had better school attendance than did
control group siblings, were less likely to need supportive or remedial services, and were
more likely to be making normal school program (Seitz & Apfel, 1994).

The Syracuse Family Development Research program provided high-quality child care
beginning at 6 months of age at Syracuse University’s Children’s Center plus weekly home
visits by a paraprofessional “child development trainer,” who served as a “knowledgeable
friend” to the parent and taught families Piagetian sensorimotor games to play with their
infant, offered nutrition information, and provided liaison help with community services
as well as general social and material support for the parenting role. Program services were
provided for five years. A ten-year follow-up study of 65 program families and 54 control
families found positive program effects on the incidence and severity of juvenile delin-
quency, child and parental attitudes toward self and the environment (i.e., problem-
solving orientation), and school performance (grades, attendance, teacher ratings) of
program girls but not boys in junior high school (Lally, Mangione, & Honig, 1988).

More recently, the Carolina Abecedarian Project has demonstrated long-term effects
of sustained participation in a high-quality early childhood program beginning in infancy.
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The Abecedarian Project was targeted at children at risk for developmental retardation
and school failure, based on sociodemographic factors which were weighted and com-
bined into a risk index with a prespecified cut point. The families were low-income and
98 percent were African American due to the confound of poverty and race in the United
States and the limited number of economically disadvantaged white families in the uni-
versity town where the project took place (Campbell & Ramey, 1994). Infants entered
the childcare program at a mean age of 4.4 months. The center operated eight hours a
day, five days a week for 50 weeks per year. The infant curriculum focused on cognitive,
language, perceptual-motor, and social development. Parents served on the center’s advi-
sory board and were offered a series of voluntary educational programs on topics such as
family nutrition, legal matters, and toy making. Families facing problems with housing,
food, transportation and the like were offered supportive social services. There also were
periodic family social events held at the center.

A total of 111 infants from 109 qualifying families were randomly assigned to the early
childhood program or a control group. Within each of these groups, a second random
assignment occurred prior to kindergarten entry, enabling one-half of each preschool-age
group to receive a school-age intervention program. This design enabled the researchers
to examine the relative effectiveness of the following: five years of preschool intervention
only, three years of school-age intervention only, eight years of both preschool and school-
age intervention, and no intervention. The school-age intervention consisted of a
home/school resource teacher for each child and the child’s family. Positive effects of the
preschool program on intellectual development and academic achievement were main-
tained through age 12. In the first two years of school, children who received preschool
only had higher academic achievement test scores than children who received no
preschool intervention. Children who received the preschool intervention plus continued
help in the early grades received higher academic achievement scores in kindergarten and
first grade than children who received preschool only or no intervention. The school-age
treatment alone was less effective (Campbell & Ramey, 1994; Ramey & Campbell, 1987).
Recent results of a follow-up study of the children at age 21 years indicate those who
attended the program beginning in infancy were more likely to attend college or hold
high-skill jobs, and the adolescent mothers of infants in the Abecedarian program were
far more likely to have completed high school after their infant received the intervention
(Ramey, 1999).

Lessons and Questions

Definitive early intervention policies and practices should be based on a convergence of
program research findings from multiple settings and studies. To this end, the existing
database is promising in some areas but inadequate in others. High-quality educational
child care for the infant combined with supportive services tailored to the parent and
family appear to be an effective way to support the healthy development of very young
children living in high-risk circumstances. In contrast, there is little empirical evidence
to indicate that parenting education alone is a useful way to have impact on significant
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child outcomes in families characterized by high-risk circumstances such as adolescent
parenthood. There also is no evidence to support the case management strategy of
working with parents of young children.

Whether interventions are more effective with professional versus trained paraprofes-
sionals as staff persons remains unanswered. Strong arguments can be made for the use
of lay home visitors yet the supervision needs can be expensive (Larner et al., 1992). Pre-
liminary results from a comparison of nurses versus trained paraprofessionals in the Nurse
Home Visitation Program in Denver suggest there are cost-sensitive benefits in using
nurses (Olds et al., 1999).

Best practices in enabling parents to better understand and relate to their young chil-
dren also need to be discerned. Simply modeling a desired adult–child interaction or
encouraging a parent to act in a certain way may be insufficient teaching strategies with
high-risk populations. The use of videotape as a self-reflection tool in the STEEP program
is promising in this regard. Concrete feedback to parents in the form of supportive 
coaching also may be helpful (Neuman & Gallagher, 1994). The pedagogical quality of
parenting education provided in the home visits described above is unclear.

In this regard, research on program implementation is essential for improved under-
standing of how programs actually function and what conditions are necessary for pro-
grams to be effective. Multisite studies of interventions typically uncover meaningful
differences in how different agencies carry out a given program model. Outcome data are
best understood in the context of program processes.

One cannot ignore the community context in which families and programs attempt
to function. Poor and high-risk families generally reside in poor and high-risk neighbor-
hoods. Hints of this general pattern are noted repeatedly in this chapter’s references to
attrition and the overwhelming challenges faced by programs in engaging families. Exist-
ing intervention programs generally work outward, from the infant and family to the
community. Yet inadequate health, educational, and social services, unsafe neighbor-
hoods, and dysfunctional patterns of social life are impossible referral sources for inter-
vention programs that attempt to link families to stable and positive sources of help. An
equally important starting point for interventions is to move inward, from a community’s
formal and informal resources to families and infants.

Further Reading

Cowan, P. A., Powell, D., & Cowan, C. P. (1998). Parenting interventions: A family systems per-
spective. In W. Damon (Series Ed.) & I. E. Sigel & K. A. Renninger (Vol. Eds.), Handbook of
child psychology: Vol. 4. Child psychology in practice (pp. 3–72). New York: Wiley. This chapter
provides a comprehensive review of parenting interventions, many of which pertain to infancy.
It offers a state of the field and sets forth a framework for working with parents within a family
systems perspective.

Erickson, M. F., & Kurz-Rimer, K. (1999). Infants, toddlers and families: A framework for support
and intervention. New York: Guilford Press. This volume draws on the professional experiences
of infant/toddler intervention work at the University of Minnesota and pertinent research to set
forth principles and exemplary practices in early intervention with high-risk families. Attention
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is given to building on family strengths, enhancing parental knowledge, and strengthening family
support networks. There is an extensive annotated professional resource bibliography.

Hart, B., & Risley, T. (1995). Meaningful differences in the everyday experiences of young American
children. Baltimore: Brookes. Results of a longitudinal study of verbal interactions in families of
varying socioeconomic status are reported in an accessible manner. Especially informative are
the comparisons across welfare, working-class, and professional families, and the predictive
power of early language experiences in the home. There are interesting extrapolations about the
intensity of needed early intervention.

The Future of Children. This journal, published by the David and Lucile Packard Foundation, is a
source of research and policy analysis on children’s issues. Recent issues have focused on home
visiting, children in poverty, child abuse and neglect, and child health issues, for instance.

Zero to Three. This professional journal is published by the Zero to Three organization and typi-
cally includes thoughtful articles written by professionals who carry out relationship-based early
intervention programs. Consistent attention is given to staff supervision and development issues.
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Chapter Twenty

Early Social Development in 
Young Children with Autism: 
Theoretical and Clinical Implications

Sally Ozonoff and Mikle South

Theoretical Overview

Autism is a lifelong developmental disorder typified by social difficulties, communicative
limitations, and a restricted range of interests and behaviors. Onset of the disorder is before
36 months of age, although it is not always recognized at this time. Boys are more often
affected than girls, with gender ratio estimates ranging from two to four males for every
female with the disorder (Lord & Schopler, 1987). While once considered a rare condition,
recent prevalence estimates suggest that autism occurs in approximately 1 in 1000 individ-
uals (Bryson, Clark, & Smith, 1988). Higher prevalence estimates probably do not indicate
an increase in the occurrence of autism, but rather, better detection of the disorder, par-
ticularly in its milder forms (Gillberg, Steffenburg, & Schaumann, 1991).

The most commonly used diagnostic system in the United States is the Diagnostic and
Statistical Manual of Mental Disorders, 4th edition (DSM-IV; American Psychiatric As-
sociation, 1994). As specified in the DSM-IV, all individuals with autism demonstrate evi-
dence of difficulties with social relatedness and verbal and nonverbal communication, as
well as limited or idiosyncratic interests and behaviors. In the social domain, the symptoms
listed in the DSM-IV include impaired use of nonverbal behaviors (e.g., eye contact, facial
expression, gestures) to regulate social interaction, failure to develop age-appropriate peer
relationships, little spontaneous seeking to share enjoyment or interests with other people,
and limited social-emotional reciprocity. DSM-IV symptoms of communicative dysfunc-
tion include delay in or absence of spoken language, difficulty initiating or sustaining a con-
versation, idiosyncratic or repetitive language, and imitation and pretend play deficits. In
the behaviors and interests domain, there is often an encompassing preoccupation or
unusual interest that is abnormal in intensity, inflexible adherence to nonfunctional rou-
tines, stereotyped body movements, and preoccupation with parts or sensory qualities of
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objects (APA, 1994). In order to meet criteria for a diagnosis of Autistic Disorder (as it is
called in the DSM-IV), an individual must demonstrate at least six of the 12 symptoms
listed above, with at least two coming from the social domain and one each from the com-
munication and restricted behaviors/interests categories. Additionally, at least one of the
symptoms must have been present before 36 months of age (APA, 1994).

What has become increasingly apparent in the last decade is that the symptoms of
autism vary widely in severity and span a continuum from easily recognized deviant
behaviors to much milder difficulties (Wing, 1988). The classically autistic individual is
socially remote, has little communication ability, and is absorbed in stereotypic behavior.
What has been less well recognized is that an individual who is socially outgoing, talka-
tive, and has no stereotyped mannerisms can also meet DSM-IV diagnostic criteria for
Autistic Disorder. What does an aloof, mute individual share with an engaging, talkative
person that makes them both autistic? A core difficulty in autistic people of all func-
tioning levels is reciprocity. Even mildly affected individuals with autism who are quite
interested in others have difficulty with social reciprocity. Their relationships tend to be
one-sided and do not involve the same level of mutuality, shared interests, and intimacy
observed in their nonautistic peers. They often talk in monologues without giving others
a chance to contribute, have difficulty building and developing on comments made by
others, and engage in less chatting for purely social purposes. Their interests tend to be
idiosyncratic and difficult for others to share, revolving around unusual themes such as
vacuum cleaners, automobile hubcap emblems, or venomous snakes.

Thus, there is an emphasis on the social symptomatology of autism; even in the
symptom domains of communication and repetitive interests, it is the abnormal social
quality of the behaviors that distinguishes them from typical development. This chapter
examines several domains of social development, highlighting their distinctive course in
autism. While autism is by no means a disorder only of infancy, it first becomes appar-
ent during this period and is characterized by deviations in a number of early develop-
mental domains. In this chapter, we review the theoretical and clinical implications of
the research conducted on attachment, joint attention, imitation, play, and theory of
mind abilities in both autism and typical development.

Review of Developments in the First Years

Attachment

Autism was first conceptualized as a disorder of attachment. Early theories, such as those
espoused by Kanner (1943) and Bettelheim (1967), suggested that the social withdrawal
of autism was a reaction to a severe disruption in the parent–child bond, caused by
parental (usually maternal) unavailability, emotional distance, and rejection of the child.
These theories have been resoundingly defeated, yet the notion that autism involves
deviant attachment remains in the minds of many. Clearly, the social and communica-
tive behavior of those with autism is disrupted; in fact, these symptoms must, by defini-
tion, be present to fulfill diagnostic criteria for the disorder. Yet empirical studies of the
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specific caregiver-oriented and relationship behaviors that are part of the constellation
that we call “attachment behaviors” (e.g., differentiation of caregivers from others, prox-
imity seeking, response to separation and reunion) consistently demonstrate that attach-
ment is one of the least disrupted social domains in autism. In the research we are about
to review, minor deviations in the attachment behavior of young children with autism
emerge, but appear due to factors other than poor attachment per se.

Most empirical investigations of attachment in autism, as in typical development, have
used Ainsworth’s Strange Situation paradigm (Ainsworth, Blehar, Waters, & Wall, 1978).
This research task measures the security of the attachment relationship by observing
infants’ responses to separation from and reunion with primary caregivers. Evidence of
secure attachment is provided by some distress or concern at separation (although not all
securely attached infants will demonstrate negative emotion) and relatively prompt sooth-
ing and comforting upon the caregiver’s return. Insecurely attached infants, on the other
hand, demonstrate behaviors at either of two extremes, displaying great emotional dis-
tress at separation that is not resolved upon reunion or very little response to separation
or reunion (Ainsworth et al., 1978). In typical samples, approximately two-thirds of 
normally developing infants are securely attached, while about a third display evidence
of insecure attachment (Ainsworth et al., 1978). Adaptations to the implementation and
scoring of the Strange Situation paradigm were made in most investigations of autism
because the children studied tend to be of higher chronological age than that for which
the paradigm was originally developed.

The first investigation of attachment in autism was carried out by Sigman and Ungerer
(1984a). Proximity-seeking social behaviors, such as touching, standing, or sitting close
to the caregiver or experimenter, were coded, as were more distal social behaviors, includ-
ing smiling at or vocalizing to either adult. Young children with autism (mean age of 52
months) demonstrated several signs of attachment. First, they displayed significantly more
proximity-seeking and distal social behavior upon reunion with their mothers than upon
reunion with the experimenter. Second, proximity seeking to mother significantly
increased from free play before separation to reunion, suggesting a specific reaction to
separation. This was the very first investigation to demonstrate even rudimentary attach-
ment capacity in individuals with autism, a group for whom such abilities had long 
been assumed to be absent. For this reason, it was a landmark study. Its contributions to
understanding the differences in attachment that are also present in autism was impor-
tant as well. Sigman and Ungerer found that children with autism, unlike those who are
developing typically, displayed very little distress during separation. Additionally, both
symbolic play skills and mental age were positively correlated with attachment behavior
in the autistic sample, but negatively correlated with it in the normally developing 
sample. Thus, although these young children with autism were, as a group, displaying
proximity-seeking and other attachment behaviors, they were also clearly demonstrating
both delays and deviations from the normal developmental trajectory of attachment.

In a follow-up to this study, Sigman and Mundy (1989) compared preschool children
with autism (mean chronological age 52 months) to preschool children with non-autistic
developmental delays (DD) matched on both chronological and mental age and normally
developing young children matched on mental age. They found that reunion behavior of
the autistic and DD groups was very similar, but differed from that of the typically devel-
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oping children in including less distress at separation and less proximity seeking at reunion.
They suggested that these differences may have been a function of chronological age and
consequent exposure to separation. The lack of differences between the autistic and DD
groups suggests that differences in attachment behavior in autism are largely due to mental
handicap, rather than a primary consequence of autism. All but one of 14 children with
autism demonstrated evidence of attachment, such as preferential direction of social be-
haviors toward the mother over the examiner, proximity seeking at reunion, or distress 
at separation, a rate higher than in the Sigman and Ungerer (1984a) study.

Using a slight modification of Ainsworth’s Strange Situation, Shapiro and colleagues
examined attachment classifications (e.g., secure vs. insecure), comparing young children
with autism or pervasive developmental disorder not otherwise specified (PDD; a milder
or atypical version of autism) to those with mental retardation or developmental language
disorder alone (Shapiro, Sherman, Calamari, & Koch, 1987). They demonstrated that 52
percent of the autism/PDD group demonstrated a secure (B) attachment to their mothers,
while only 33 percent of the mentally retarded and 12.5 percent of the language-disordered
group did so. Shapiro et al. found no relationship between autism severity (total symptom
score) and attachment security. These findings were replicated by Rogers and colleagues,
who found no differences in proximity seeking, contact maintenance, or attachment 
security between an autistic and matched developmentally delayed group, as well as no 
correlation between security ratings and autism severity (Rogers, Ozonoff, & Maslin-Cole,
1991). This same group, in a 1993 study, found no children with autism who were unat-
tached and 50 percent who demonstrated a secure (B) attachment classification (Rogers,
Ozonoff, & Maslin-Cole, 1993). In this later study, autism severity was again not related
to attachment security; the best predictor of attachment was developmental level.

More recent investigations have replicated these basic findings, as well as extended
them. Capps, Sigman, and Mundy (1994) explored differences in social behavior between
securely and insecurely attached children with autism, finding that the former were 
more responsive to parental bids for joint attention, made requests more frequently, and
had better receptive language abilities than the latter. Dissanayake and Crossley (1996)
examined several social behaviors directed toward parents and found that attachment
behaviors were much better preserved in autism than other caregiver-oriented behaviors,
such as showing and giving objects and participating in mutual play. Proximity-seeking
behaviors did not discriminate the autism and Down’s syndrome groups studied in this
investigation, while joint attention behaviors did (see below).

In conclusion, it appears that the notion of the unattached autistic child can be put
to rest. Almost all children with autism, across several studies, display attachment-related
behaviors that are different with caregivers than with unfamiliar adults. The quality of
the attachment in the majority of children with autism is secure. However, there appear
to be both delays and deviances in the attachment behavior of the autistic child. Several
studies have demonstrated correlations between mental age and attachment behavior and
quality. This suggests the hypothesis that children with autism may move from insecure
to secure attachments with age and development, a situation clearly different from typical
children. Their proximity-seeking behaviors sometimes include idiosyncratic behavioral
displays, such as hand flapping to indicate excitement or positive affect, that are not seen
in children without autism, requiring some modifications to existing coding systems.
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Autistic children appear to experience, or at least display, less distress upon separation
than typically developing children. This may reflect the higher chronological age of the
subjects in studies of autism, but again may necessitate modifications to attachment clas-
sification systems when used with children with autism. In summary, the disturbances in
the attachment behavior of those with autism are much less than previously suspected
and appear secondary to developmental handicap rather than primary to autism. So what
social difficulties do appear primary to autism?

Joint Attention

Difficulty coordinating attention between people and objects is thought to be one of 
the earliest-appearing deficits in children later diagnosed with autism. In contrast to at-
tachment behaviors, joint attention behaviors have been demonstrated to be deficient 
in young children with autism in every study in which they have been examined. In typi-
cally developing infants, the ability to use gestural communication to orient other people
and modify their behavior begins emerging before the first birthday. The pointing gesture
is used in two ways: first, it is used to modify the environment and, later in development,
to modify other people’s attentional states (Bates, Camaioni, & Volterra, 1975). In the
first emerging behavioral sequence, imperative communication, the infant uses pointing
to obtain an object. In the second, declarative communication, the infant uses pointing
to obtain a person’s attention. Both are person–object sequences, with similar means 
but quite different ends. In typically developing children, imperative pointing emerges,
on the average, approximately three months before declarative pointing (Camaioni, 
Perucchini, Muratori, & Milone, 1997). It is declarative pointing that is central to joint
attention. Joint attention behaviors include declarative pointing, coordinated eye gaze,
gaze monitoring, and shared affect (Bakeman & Adamson, 1984). They are epitomized
by the following scenario: an infant sees an object/event of interest, looks to the parent,
points, looks back at the object, and possibly vocalizes in a manner conveying excitement.
The intent of this communication is simply to share awareness of the object or event:
that is, to say “Do you see what I see and isn’t it wonderful?” Such sequences occur many
times a day during the second year of life of a typically developing toddler. What of the
young child with autism?

Several studies have demonstrated that imperative pointing, or gestural communica-
tion for requesting functions, is generally intact in autism (Baron-Cohen, 1989a;
Camaioni et al., 1997; Curcio, 1978; Wetherby & Prutting, 1984). In contrast, joint
attention and its subcomponent, declarative pointing, are much more disordered. Both
Curcio (1978) and Wetherby and Prutting (1984) reported that all of their participants
with autism were able to use gestures to request, but none used them purely to orient
others’ attention to objects or events. Mundy and colleagues demonstrated a slightly 
different dissociation (Mundy, Sigman, Ungerer, & Sherman, 1986). The preschool chil-
dren with autism in their study engaged in as much simple social interactional behavior,
such as reaching for others, physical play, and eye contact after a tickle, as normal and
mentally handicapped controls. However, they exhibited significantly less joint attention,
including alternating attention between a toy and an adult, showing a toy to an adult,
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and pointing for declarative purposes. This same research team demonstrated that joint
attention impairments are accompanied by deficits in sharing emotions with others (e.g.,
directing smiles toward the person with whom the infant is sharing attention; Kasari,
Sigman, Mundy, & Yirmiya, 1990). Loveland and Landry (1986) found that children
with autism used significantly less advanced forms of joint attention than non-retarded
children with language handicaps, calling others’ attention to external objects or events
through touching or taking adults by the hand, rather than through pointing. The autis-
tic participants in this study also demonstrated significantly more difficulty compre-
hending joint attention behavior (e.g., following the gaze shift or point of another person)
than the language-delayed group.

These early studies of joint attention have since been replicated many times 
(DiLavore, Lord, & Rutter, 1995; McArthur & Adamson, 1996; Swettenham et al.,
1998). Later investigations have revealed some variability in the degree of joint attention
behavior displayed by young children with autism, however. The impairment is relative,
rather than absolute, and some autistic children do develop joint attention skills, albeit
much later than normal (Camaioni et al., 1997). Individual differences in joint attention
are significantly more predictive of later language development than either initial lan-
guage level or IQ (Mundy, Sigman, & Kasari, 1990), supporting the developmental
theory that early gestural communication and coordination of attention are important
precursors of more advanced language development (e.g., Bates, 1979). Individual dif-
ferences in joint attention behaviors appear to be a function of developmental level, with
higher-functioning children (e.g., higher mental age and/or IQ) demonstrating deficits
only in the pointing component of joint attention, while lower-functioning children also
display impairments in the eye-contact and gaze-monitoring aspects of joint attention
(Mundy, Sigman, & Kasari, 1994). Joint attention deficits are more highly correlated with
other social symptoms of autism than with the severity of specific autistic behaviors, such
as stereotyped body movements, perseverative object use, or unusual sensory responses
(Mundy et al., 1994).

In summary, joint attention disturbance appears to be a specific characteristic of young
autistic children that distinguishes them from young children with typical development
and non-autistic developmental delays. Impairments in both comprehension and pro-
duction of joint attention have been documented. Since joint attention emerges very early
in normal development, its absence or delay may be observable before disturbances in
other domains are evident. Some have argued, in fact, that joint attention behaviors are
precursors to the development of more advanced social behavior, such as pretend play
and theory of mind skills (Baron-Cohen, 1991a; Charman, 1997). As discussed below,
these research findings have had substantial clinical impact, effectively pushing back the
earliest possible age at which a diagnosis of autism can be made.

Imitation

It has been argued that the ability of very young children to imitate others is an essen-
tial component of cognitive, communicative, and social development (Bruner, 1972;
Meltzoff, 1985). Research with autistic children has consistently demonstrated deficits in
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imitative competence, relative to their performance on other sensorimotor tasks (Curcio,
1978; Sigman & Ungerer, 1984b) and to various control groups (Rogers & Pennington,
1991; Stone, Ousley, & Littleford, 1997). The meaning and specificity of these find-
ings remain unclear (Smith & Bryson, 1994), though recent research focusing on the
basic mechanisms of deviant imitation in autism (e.g., Rogers, Bennetto, McEvoy, &
Pennington, 1996; Stone et al., 1997) promises new understanding of its role in both
normal and atypical development. This section briefly summarizes imitation research in
autism from within the perspective of major theories of imitation in normal development.

Piaget (1962) proposed six stages in the normal acquisition of imitative ability, cul-
minating between 18 to 24 months with the appearance of, first, deferred imitation and
then mental representation of objects and events beyond the self. Piaget theorized that
the infant, essentially born without psychological processes, gradually learns imitation
through positive reinforcement of reflex actions (e.g., a caregiver smiling in response to
the infant’s smile). The development of mental representation and ability to use and
manipulate symbols is vital to the development of imitation in Piaget’s account. Meltzoff
(1985) offers an alternative argument, based on extensive research data, that newborns
are in fact already endowed with a powerful, supramodal representational ability. His data
suggest that infants are capable of imitating simple facial gestures within 72 hours of birth
and of deferred imitation by 14 months. Meltzoff contends that these abilities are 
initially innate rather than learned, though experience is subsequently important for the
refinement and functional use of imitation. Both Piaget’s and Meltzoff ’s theories under-
score the importance of imitation for later cognitive and social maturation.

The first major study of imitation in autism (DeMyer et al., 1972) used tasks from
standard developmental batteries involving actions upon objects, as well as movements
of the hands and fingers. Young children with autism-like disorders (mean age of 5 years
6 months) performed more poorly overall than mentally retarded controls; within the
autism group, body imitation was more impaired than imitation with objects. DeMyer
et al. suggested that autistic children show a sort of apraxia, that is, imitation deficits are
a function of an inability to actually perform the actions, rather than a lack of under-
standing of the meaning of the action. They theorized the presence of a visual memory
impairment, so that without the visual cues offered by the presence of the object, the
organization of movements is more difficult. Though the idea of a visual memory impair-
ment has since been discounted (Jones & Prior, 1985; Rogers et al., 1996), the search for
the underlying mechanisms that sustain imitation continues. One more recent hypothe-
sis attributes the imitation deficits of autism to a fundamental neurological impairment
(e.g., Rogers & Pennington, 1991; Smith & Bryson, 1994), mirroring Meltzoff ’s theory
of imitation in normal development, while another hypothesis, built on Piaget’s theories,
attributes the imitation deficits in autism to a cognitive deficit in symbolic ability (Baron-
Cohen, 1988; Curcio, 1978).

The general symbolic deficit explanation of the imitation deficits in autism has 
generally not been supported by existing empirical evidence. One key predicition of this
theory is that abstract, symbolic gestures should be more difficult to imitate than mean-
ingless, arbitrary movements. Jones and Prior (1985) found that older autistic children
(mean age of 8 years 7 months) were less able than age- and mental ability-matched con-
trols to reproduce meaningless arm and hand movements. Rogers and Pennington (1991)
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proposed a theoretical framework for autism in which motor imitation is seen as a 
principal social deficit of the disorder. Working from a paradigm similar to Meltzoff ’s
(Meltzoff & Gopnik, 1993), they theorized that a biological deficit in early motor imi-
tation deprives the autistic child of the ability to process interpersonal affective informa-
tion, with a cascading effect on social and communicative development, including the
ability to form a theory of mind. In a study of high-functioning autism-spectrum ado-
lescents and young adults, Rogers et al. (1996) reported that the experimental group
(mean age = 15.5 years; mean Full-Scale IQ = 89) demonstrated impairments, relative
to a mixed-diagnosis comparison group, on tasks measuring hand imitation, face imita-
tion, and pantomiming use of familiar objects. Imitating meaningless actions (e.g., arbi-
trary hand or finger movements) was more difficult for those with autism than imitating
meaningful movements (e.g., pretending to take off a baseball cap); this same pattern was
seen in the non-autistic control group. The authors felt that this imitative profile argued
strongly against a symbolic explanation for the imitation deficits of autism. This conclu-
sion was further supported by two recent studies, one finding that autistic children were
able to imitate symbolic play as well as or better than Down’s syndrome and normal chil-
dren matched on verbal mental age (Libby, Powell, Messer, & Jordan, 1997), and the
other reporting that very young children with autism (mean age = 31 months) had more
difficulty imitating nonmeaningful than meaningful actions (Stone et al., 1997). Smith
and Bryson (1994), in their review of imitation in autism, conclude that the available
empirical evidence implies a core handicap in the ability to represent and organize actions
at a basic neurological level, rather than at the symbolic level.

Rogers and Pennington (1991) have emphasized the importance of considering imi-
tation as a multidimensional construct. For example, the copying of distinct phrases 
and tones referred to as echolalia is a common diagnostic feature of autism. Rogers and
Pennington contend that this dissociation between often good verbal and usually poor
motor imitation suggests that their respective neural pathways develop differentially. Sim-
ilarly, studies generally find that body imitation is significantly harder for young children
with autism than imitation of actions upon objects, suggesting that these represent inde-
pendent dimensions of behavior (DeMyer et al., 1972; Stone et al., 1997).

Stone et al. found that the pattern of acquisition of different imitation skills (e.g.,
actions on objects, actions on the self, etc.) was the same across autistic and non-autistic
groups, suggesting that the imitation impairment of autism represents a delay rather than
a deviance. This is a likely explanation for results from two studies (Charman & Baron-
Cohen, 1994; Morgan, Cutrer, Coplin, & Rodrigue, 1989) which did not find group dif-
ferences in imitation between autistic and control samples: both studies used simple infant
imitation tasks with older children, all of whom performed at or near ceiling level on the
measures.

In summary, autistic children do acquire some imitative capacity, but at a much slower
rate than other children. This delay may have profound consequences for other early-
developing social and communicative behaviors. Imitation is not a unitary construct and
should be viewed at the very least in terms of separate mechanisms governing imitation
of body movements (e.g., motor imitation), imitation with objects (e.g., symbolic imita-
tion), and vocal imitation. Motor imitation deficits in particular have been repeatedly
demonstrated across all ages, both relative to comparison groups and to other imitation
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skills, within autism samples. As studies with better control groups emerge (e.g., Rogers
et al., 1996; Stone et al., 1997), the autism-specific nature of at least some imitation
impairment is becoming more apparent. Whether abnormalities of imitation in autism
are primary neurological deficits (present perhaps from birth) or the product of a failure
of metarepresentational capacity remains controversial, though evidence is growing in
favor of the former interpretation. Such distinctions have important implications for
research on the etiology of autism.

Play

Impaired play is a well-documented feature of autism and is central to its diagnosis in all
classification systems (APA, 1994; Schopler, Reichler, & Renner, 1986; Wing, Gould,
Yeates, & Brierley, 1977). Play behaviors emerge in a typical sequence in the course of
normal development (Belsky & Most, 1981; Nicolich, 1977; Ungerer, Zelazo, Kearsley,
& O’Leary, 1981). The first form to emerge, during the first year of life, is sensorimo-
tor play, which consists primarily of simple object manipulation (e.g., mouthing, holding,
dropping objects). Around the first birthday, infants begin to combine objects in rela-
tional play (e.g., banging, stacking, placing objects inside each other). Pretend play
emerges toward the end of the second year of life and encompasses two subcategories,
functional and symbolic play. Functional play appears first and includes self-, other-, and
object-directed acts that involve using toys in the conventional manner intended (e.g.,
feeding a doll, putting a toy car in a garage). Symbolic play emerges from approximately
20 months on. Its hallmark is the use of objects in an “as if ” manner: animating a toy
figure, transforming an object, assigning a nonliteral role to the self or a play partner, or
enacting behaviors in a context different from those with which they were convention-
ally associated. The vast majority of autism research has focused on symbolic play and its
abnormalities. Most studies find that sensorimotor and relational play are relatively intact
in young children with autism (Baron-Cohen, 1987; Libby, Powell, Messer, & Jordan,
1998). The extent of impairment in functional play is less clear. Two studies failed to find
significant differences between children with autism and matched controls (Baron-Cohen,
1987; Libby et al., 1998), but others have documented group differences even in func-
tional play (Jarrold, Boucher, & Smith, 1996; Lewis & Boucher, 1988; Stone, Lemanek,
Fischel, Fernandez, & Altemeier, 1990). What is relatively clear, however, is that sym-
bolic play skills are most seriously affected in individuals with autism.

An early study using maternal reports of play behavior found that children with autism
tended to fixate on one or two objects and use them “ritualistically,” rather than in a 
symbolic manner (DeMyer, Mann, Tilton, & Loew, 1967). None of the autistic children
in a large sample studied by Lorna Wing and colleagues (1977) exhibited symbolic play;
one-third demonstrated stereotyped play involving simple repetitive manipulations of
objects. In contrast, 87 percent of the mentally retarded group in this study displayed
symbolic play and only 11 percent displayed stereotypic play. These data and later studies
(e.g., Baron-Cohen, 1987) suggest that the symbolic play deficits seen in young children
with autism are not simply a function of mental handicap or delayed development, but
are relatively specific features of the autistic syndrome.
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Leslie (1987) outlined three types of symbolic play: object substitution, in which an
object is used as if it is something else (e.g., using a banana as a telephone), attribution of
false properties, in which properties are attributed to an object that do not in reality exist
(e.g., pretending a doll is ill), and reference to an absent object (e.g., driving a car along an
imaginary road). Libby et al. (1998) examined the relative frequency of these three types of
symbolic play in a longitudinal study of autism. They found that most examples of sym-
bolic play were of the object substitution type and that no references to absent objects were
made. This pattern distinguished the autism group from two comparison samples matched
on verbal mental age, one with Down’s syndrome, the other typically developing.

Different theories of the origin of the pretend play deficit in autism have been 
proposed. An early and very influential theory was Leslie’s (1987) metarepresentational
account. Leslie attributed pretend play impairments to broader symbolic deficits that are
an inherent and primary part, he hypothesized, of the autistic syndrome. Leslie distin-
guished between primary representations of the world (“This is a banana”) and metarep-
resentations (“I think this is a banana” or “This banana is a telephone”). According to
Leslie, metarepresentation permits the transgression of reality, the decoupling of an
object’s “true” properties from other possible properties that is required for symbolic play.
He proposed that similar metarepresentational mechanisms underlie the propositions
involved in the development of a theory of mind and thus linked these two areas of
impairment functionally. Another hypothesis about the mechanism underlying symbolic
play impairments in autism was proposed by Harris (1993), who suggested that execu-
tive function deficits (specifically, cognitive inflexibility) prevented children with autism
from disengaging from the schema normally elicited by objects, thus limiting nonliteral
transformations (i.e., pretend play schema).

More recently, the importance of setting conditions and task structure to the pro-
duction of symbolic play has become apparent. While relatively few symbolic acts are
produced spontaneously by children with autism in free-play situations, they increase sig-
nificantly under more structured play conditions (Charman & Baron-Cohen, 1997;
Gould, 1986; Jarrold et al., 1996; Lewis & Boucher, 1988, 1995; McDonough, Stahmer,
Schreibman, & Thompson, 1997; Ungerer & Sigman, 1981). The level of support varies
across studies, from simple encouragement or elicitation (e.g., “Show me what you can
do with these”) to explicit instruction (e.g., “Feed the doll”) to modeling of symbolic acts
by the experimenter. In every study, significant increases in the frequency, duration, and
complexity of symbolic play acts occurred in the scaffolded condition; in some studies,
this support eliminated previously existing group differences in symbolic play (Lewis &
Boucher, 1988; Jarrold et al., 1996). This robust finding has led to the speculation that
low levels of pretend play are secondary not to the cognitive, general symbolic, or social
impairments of autism, as originally hypothesized (e.g., Harris, 1993; Leslie, 1987), but
to low motivation or inability to generate play acts without prompting (Jarrold et al.,
1996; Lewis & Boucher, 1988, 1995; Roeyers & van Berckelaer-Onnes, 1994). This view
sees the problem not as lack of possession of an ability, but as failure to apply or use avail-
able skills. This is a common dissociation seen in autism, whereby the mechanics to
perform a skill are possessed but not actively employed when appropriate. This pattern
has been documented, for example, in the theory of mind literature, with autistic indi-
viduals passing paper-and-pencil tests of higher-order mentalizing in controlled labora-
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tory situations but giving no evidence of using these skills in their everyday interpersonal
interactions (Bowler, 1992; Ozonoff & Miller, 1995). Similarly, a clear dissociation
between spontaneous recall and elicited or prompted recall has been demonstrated in 
the memory literature on autism (Boucher & Warrington, 1976; Tager-Flusberg, 1991).
Whether a similar dissociation explains the symbolic play deficits of autism warrants
attention in the future.

Emerging Questions, Paradigms, and Issues

In the first years of studying autism, research focused on delays and deviances in specific
domains of development, such as joint attention and imitation. In recent years, there 
has been increased emphasis on developmental continuities and discontinuities in these
impairments, how they evolve over the course of development, and how they are related
to symptoms in the older child with autism. Current research has also striven to apply
early research findings to practical issues, such as improving the accuracy and timeliness
of diagnosis. The next section covers these recent developments in the autism literature.

Theory of Mind

Developmental psychologists have long recognized that the human capacity to attribute
mental states to the self and to others is an essential skill, one which underlies most social
interaction (Povinelli, 1993; Zelazo, Burack, Benedetto, & Frye, 1996). Premack and
Woodruff (1978) coined the term “theory of mind” to describe the ability to (1) appreciate
beliefs, intentions, knowledge, pretense, and perception in the self and in others; and (2) to
understand the link between mental states and action. This competence allows a person to
infer what others are thinking and then predict or manipulate others’ behavior. A theory of
mind (ToM) is thought to develop gradually, in stage-like manner, in typical children, with
the most important elements, including the ability to take the perspective of other people,
appearing around age 4 (Frye, Zelazo, & Palfai, 1995; Roth & Leslie, 1998).

In 1985, Baron-Cohen, Leslie, and Frith published a seminal study which reported
that autistic children demonstrated profound impairment, relative to Down’s syndrome
and normally developing controls, on a task intended to measure theory of mind ability.
Subjects were presented with a scenario in which two dolls, Sally and Anne, sat in front
of an empty basket and a covered box. Sally placed a marble in the basket and then left
the scene. Anne moved the marble to the box, in full view of the child, and Sally then
returned, unaware of the change. The child was asked the critical question, “Where will
Sally look for the marble?” While 85 percent of the Down’s syndrome group and 86
percent of the normal group answered this question correctly (“in the basket”), only 20
percent of the autism group did so. Two control questions, regarding the location of the
marble at the beginning of the story and its latest location, were correctly answered by
all subjects. The essential deficit in the autism group was hypothesized to be an inability
to appreciate that the doll, Sally, possessed a different knowledge than the child.
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This research group went on to suggest that the ToM deficit is the unique, modular
cognitive deficiency which underlies the pattern of social and communicative symptoms
specific to autism (e.g., Baron-Cohen, 1989b; Frith, 1989). This claim, with its hope of
providing a relatively simple explanation for most aspects of a complex disorder, caused
extraordinary excitement among autism researchers (Bailey, Phillips, & Rutter, 1996).
The process of examining this claim has generated a tremendous amount of knowledge
regarding ToM processes in both normal and clinical populations (see Yirmiya, Erel,
Shaked, & Solomonica-Levi, 1998, for a review), as well as useful theories regarding the
implications of ToM for both typical and autistic cognitive and social development. This
section reviews a few highlights from these 15 years of inquiry.

In order for theory of mind to be considered a primary deficit in autism, it should
meet three criteria, as outlined by Ozonoff, Pennington, and Rogers (1991; see also Zelazo
et al., 1996): (1) it should be relatively universal among autistic individuals; (2) it should
be specific to autism, that is, not apparent in other disorders; and (3) its causal prec-
edence in development should be firmly established. Each of these criteria will be con-
sidered separately. The first concern, regarding the universality of ToM handicap in
autism, was questionable from the start: while 80 percent of the children studied by
Baron-Cohen et al. (1985) failed the Sally–Anne false-belief paradigm, 20 percent did
pass the test. Research from other groups (reviewed in Yirmiya et al., 1998) has shown
pass rates for autism-spectrum samples of as high as 60 percent on ToM tasks. Ozonoff,
Rogers, and Pennington (1991) divided high-functioning autism-spectrum children
(mean age of approximately 12 years) into a high-functioning autism (HFA) group and
an Asperger’s syndrome (AS) group (essentially, autism with high verbal abilities) and
found significant performance differences on a variety of ToM tasks, with the AS group
achieving better scores on each component. Performance between the AS group and
matched normal controls was not significantly different: the AS group was equal to the
controls on simple first-order ToM tasks as described above, though somewhat worse on
a more difficult, second-order task which requires another level of understanding, a “he
thinks she thinks” paradigm.

ToM advocates (Baron-Cohen, 1991b; Baron-Cohen, Jolliffe, Mortimore, & 
Robertson, 1997; Happe, 1995) have responded with revised models which hypothesize
that ToM may simultaneously represent a deviance and a delay in autism, in that indi-
viduals with autism may eventually develop ToM capacity, but never at a normal level.
They proposed that high pass rates in many older, high-functioning autism-spectrum
samples were because the tasks were too simple for the higher developmental level. Baron-
Cohen et al. (1997) created a task intended to measure “adult” ToM, which involved
inferring the cognitive states of faces that were cut out of magazines from above the middle
of the nose. The autistic-spectrum group of adults performed significantly more poorly
than a Tourette’s syndrome control group, though uncertainties about the suitability of
matching left important questions regarding alternative explanations. While such evi-
dence lends support to claims that some ToM impairment seems pervasive in autism, it
does not fully rescue the notion of ToM as a universal deficit in autism.

Ozonoff, Pennington, et al. (1991) noted that the specificity criterion is the least essen-
tial to establishing the primacy of the ToM deficit, if one accepts that there may be a pattern
of multiple primary deficits which work together to cause the range of impairments seen
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in autism. The hypothesis that ToM by itself is the core, unique handicap in autism has
proven untenable, however. While Baron-Cohen et al. (1985) found Down’s syndrome
patients to be unimpaired on the Sally–Anne false-belief task, Zelazo and colleagues (1996)
reported that their Down’s syndrome sample performed significantly worse than controls
matched on verbal mental age. A meta-analysis by Yirmiya et al. (1998) found that, across
all relevant studies, individuals with autism performed less well than individuals with
mental retardation of undifferentiated etiology, who performed less well than mentally
retarded individuals with Down’s syndrome, who performed less well than individuals
developing normally. Thus there is a clear gradient of ToM capacity, which while probably
more severe in autism than in most groups, is not exclusive to that disorder.

The search for ToM deficits has recently been extended to prelingually deaf children.
One research team found that 65 percent of their subjects failed standard first-order false-
belief tasks (Peterson & Siegal, 1995). They suggest that ToM capacity requires practice
conversing about mental states, to which deaf children are rarely exposed in their homes;
most families who do sign converse primarily about concrete topics (Peterson & Siegal,
1995). Russell et al. (1998) replicated this finding, reporting that 83 percent of their
youngest group of deaf children (age 4–9 to 7–11) failed ToM tests; at age 13–17, 40
percent of their group still failed the tests. These authors echoed Peterson and Siegal’s
claim that prelingually deaf children learn ToM gradually, only after many years in school
of conversing about mental states with peers who are fluent in sign language. A number
of researchers (Happe, 1995; Ozonoff, Rogers, et al., 1991; Prior et al., 1998; Sparrevohn
& Howie, 1995; Zelazo et al., 1996) have reported evidence that ToM development is
strongly associated with factors not specific to autism, including verbal mental age, intel-
ligence, chronological age, and other cognitive constructs such as executive functioning.
These authors dispute that ToM is a specific, modular cognitive unit as hypothesized by
Baron-Cohen and colleagues. Many studies which have failed to find such correlations
have been hampered by inadequate or inappropriate controls, especially with regard to
verbal ability (Yirmiya et al, 1998; Zelazo et al., 1996).

The third criterion for primacy states that ToM must be plausible as a developmen-
tally causal mechanism. One of the most intriguing aspects of the ToM hypothesis has
been its ability to explain a broad range of social and communicative symptoms com-
monly seen in autism (though notably, it offers little explanation for the restricted, stereo-
typed behaviors that are also hallmark characteristics). Nonetheless, the causal hypothesis
of ToM has been criticized because of its late development. Whereas ToM appears around
age 4 in normal children, symptoms of autism are typically noted before age 2 (Bailey et
al., 1996) and, by definition, by age 3 (APA, 1994). Evidence for very early deficits in
autism (see below) has prompted the question of how ToM handicap can be a primary
etiological factor if it does not emerge until after most other symptoms are present. Some
have argued that several early impairments, such as joint attention (see above), are devel-
opmental precursors to ToM (e.g., see Baron-Cohen, 1991a). According to this model,
understanding beliefs is preceded by understanding attention. Baron-Cohen argues, for
example, that while the normally developing infant comes to understand at around 9
months that an adult who points at an object is expressing a selective interest in that
object, the autistic infant does not make the connection between the gesture and the
mental state (e.g., attention or interest). The same logic applies to the production of joint
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attention. The normally developing toddler uses integrated pointing and gaze to influ-
ence the attention of adults; the autistic toddler, on the other hand, does not try to influ-
ence the mental state of the adult. In sum, Baron-Cohen (1991a; see also Leslie & Happe,
1989) claims that precursors to metarepresentational ability are present within the first
year of life, providing a developmental link between infancy and theory of mind research
with older children. The relevance of this hypothesis to early diagnosis and intervention
is discussed below.

Several groups have implicated other cognitive constructs as equal to, or even preced-
ing, ToM in the etiology of autism. Indeed, Alan Leslie, one of the original proponents
of the ToM hypothesis, has recently argued (Roth & Leslie, 1998) that normally devel-
oping ToM explicitly requires an executive function component, a “selection processor
(SP).” On the standard false-belief task, for example, this SP serves to “inhibit a default
and normally correct assumption, in this case, that the content belief is true.” While Leslie
maintains that it is the modular ToM, and not executive functioning, which is primarily
impaired in autism, Frye and colleagues (Frye et al., 1995) have theorized that the diffi-
culties with ToM tasks in autism stem from an impairment in rule-based reasoning. They
constructed non-mentalizing tasks with demands similar to those used to measure ToM,
such as the necessity to acknowledge two perspectives simultaneously and choose between
opposing judgments. Normally developing 3-year-olds were unable to complete either
the ToM or the non-mentalizing tasks, 4-year-olds were able to complete some of each,
and 5-year-olds were proficient at both types of tasks. The similarity of developmental
course between mental-state and non-mental-state abilities suggested that children may
apply a similar form of reasoning to both. The perseveration of both 3- and 4-year-olds
reported for Frye et al.’s (1995) non-mentalizing card-sort task is consistent with the 
suggestion of Ozonoff, Pennington, et al. (1991) that ToM deficits in autism may reflect
more of a perseverative tendency (e.g., getting stuck on the fact that the ball is in the box
in the Sally–Anne task) than an inability to appreciate mental states. Other researchers
(e.g., Frye et al., 1995; Povinelli, 1993) have also argued that both normal and autistic
children may pass ToM tasks through mechanisms much different than the hypothesized
strategy of understanding mental states. Methodological and psychometric concerns 
associated with common ToM tests (Charman & Campbell, 1997; Mayes, Klin, Tercyak,
Cicchetti, & Cohen, 1996; Yirmiya et al., 1998) raise additional questions regarding the
construct validity of ToM.

Isolating the neurobiology of ToM may illuminate some of autism’s most fundamen-
tal features. The prefrontal regions have long been implicated in both social and cogni-
tive deficits in autism (Damasio & Maurer, 1978; Ozonoff, Rogers, et al., 1991). A group
at the MRC Cognitive Development Unit in London (Fletcher et al., 1995; Happe et
al., 1996) have used functional magnetic resonance imaging (f-MRI) techniques to study
brain activation during verbal mentalizing tasks (reading stories and answering questions
silently) in both normally developing volunteers and a group of five patients with a diag-
nosis of Asperger’s syndrome (AS; a variant of high-functioning autism characterized by
relatively well-developed language and an early history of normal language acquisition).
A comparison of the two groups implicated differences in the medial prefrontal cortex
(Brodmann’s area 8/9), which was activated during the task in the normal group but not
in the AS patients; the AS group showed activation instead in a bordering region (corre-
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sponding to Brodmann’s area 9/10). This discrepancy led the MRC researchers to hypoth-
esize “that the Asperger subjects’ mentalizing performance was subserved by a brain system
in which one key component is missing.” Baron-Cohen and colleagues have argued for
the involvement of the orbito-frontal cortex in ToM reasoning, based on evidence from
imaging studies and from studies of orbito-frontal lesion patients (Stone, Baron-Cohen,
& Knight, 1998). Winner and colleagues (Winner, Brownell, Happe, Blum, & Pincus,
1998) tested patients with known right-hemisphere damage and found that they per-
formed more poorly than controls on second-order ToM tasks, such as distinguishing
jokes from lies. They conclude that some right-hemisphere structures are necessary for an
intact theory of mind. While research in this area is still sparse, increased attention to the
topic and rapidly improving imaging techniques offer great potential for bringing new
understanding regarding ToM development.

In sum, the initial excitement generated by theory of mind research has been tempered
somewhat by the realization that ToM, by itself, cannot explain all aspects of autism.
Empirical investigations have demonstrated that ToM is not universally deficient in all
people with autism, is not specific to autism, and is preceded temporally by other, more
fundamental social abnormalities. Nonetheless, ToM research in typical, autistic, and
other clinical samples continues to offer important insights into human development.
Recent studies employing methods of increasing technological sophistication promise to
be especially rewarding.

Early Identification and Diagnosis of Autism

Research on the early social development of individuals with autism has considerably
advanced the ability to identify young children at a much earlier age than was previously
possible. The research reviewed in this chapter has turned out to have very important
clinical implications, as indicated in this final section. The onset of autism occurs, by 
definition (APA, 1994), before 3 years of age. In reality, parents first become concerned
about their child’s development much earlier, usually well before the second birthday
(Siegel, Pliner, Eschler, & Elliott, 1988; Smith, Chung, & Vostanis, 1994). Accurate diag-
nosis is typically delayed for several years, however, with intervening incorrect or partial
diagnoses common (Siegel et al., 1988). Delays in diagnosis are particularly unfortunate
given the recent development of several highly effective early intervention programs 
for autism (Lovaas, 1987; Rogers & Lewis, 1989; Schopler, Mesibov, Shigley & 
Bashford, 1984). Such specialized interventions are neither intended for nor offered to
non-autistic children, so timely diagnosis and accurate differentiation of autism from 
non-autistic developmental disorders are essential. Identification of early-appearing fea-
tures of autism also has important research and theoretical implications. As reviewed
above, precedence in development and the ability to explain later-developing symptoms
of the disorder are critical criteria that any psychological deficit of autism must fulfill to
be considered “primary” or of causal significance in the disorder (Rapin, 1987). Failure
to satisfy these particular criteria was one part of the eventual downfall of the theory of
mind hypothesis for explaining autism, for example. Thus, the search for developmental
precursors of autistic symptoms is important in many ways.
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As indicated in the sections above, research on the early social abilities of young 
children with autism sheds some light on what the early symptoms of autism are, par-
ticularly investigations that compared children with autism to chronological- and/or
mental-age-matched comparison subjects. This body of work suggests that early joint
attention, imitation, and symbolic play abilities discriminate young children with autism
from those with non-autistic developmental delays; thus, they are good candidates for
early identifiers of autism. Even more powerful in the search for early discriminators are
research designs that examine behavioral signs and their developmental timing in very
young children before diagnosis. Early investigations employed retrospective designs,
asking parents to recall their earliest concerns about their now-diagnosed child with
autism. These studies found that the most common initial symptom recognized by parents
was delayed or abnormal speech development; however, in most cases social symptoms
appeared to predate the language abnormalities in parents’ retrospective reports (Dahlgren
& Gillberg, 1989; DeMyer, 1979; Klin, Volkmar, & Sparrow, 1992; Rogers & DiLalla,
1990). The difficulties with retrospective designs are many, however, including problems
of memory and interpretation, as well as lack of parental expertise in recognizing early
symptoms of autism.

More recently, two types of prospective designs have predominated in the search for
very early indicators of autism. One involves coding videotapes of infants and young 
children who are later diagnosed with autism; the other involves longitudinal follow-up
of young children referred for developmental delay. Both approaches complement the 
retrospective strategy, as well as the research examined earlier in this chapter, in high-
lighting the importance of early social behavior in identifying autism. Osterling and
Dawson (1994) compared first birthday party videotapes of children later diagnosed with
autism to those of typically developing children. They found four behaviors that dis-
criminated the groups at 1 year of age, including eye contact, showing objects, pointing,
and orienting to name. These four signs together classified 91 percent of cases correctly.
A second videotape study of 12–30-month-old children prediagnosis confirmed the power
of joint attention behaviors, such as pointing, looking at faces, alternating gaze, and
showing objects, in discriminating autism from typical development (Mars, Mauk, &
Dowrick, 1998); other behaviors in this study that differentiated the groups were fol-
lowing verbal directions, using single words, and imitating verbalizations. All of the autis-
tic participants and 96 percent of the typically developing participants were accurately
identified with this group of variables. This study did not, however, standardize the sit-
uations in which the children were videotaped, nor the ages at which they were coded,
as the Osterling and Dawson study (1994) did. Both investigations used coders blind to
later developmental status of the children. Neither, however, used a mentally handicapped
or developmentally delayed comparison sample. Thus, these studies cannot address
whether the joint attention and other social-communicative discriminating behaviors are
identifying autism or the mental handicap that is highly comorbid with it.

Longitudinal prospective investigations have been better able to address this issue. In
a very important study, Lord (1995) examined 30 young children referred to a develop-
mental disabilities clinic, first at age 2 and then again at age 3. Slightly over half the
sample was eventually diagnosed with autism at age 3, while the others were diagnosed
with nonspecific developmental delays. The behaviors that best discriminated the groups
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at age 2 and predicted eventual diagnosis at age 3 were directing attention (e.g., showing
objects) and attending to human voice. The correct classification rate at age 2 using this
algorithm was 83 percent. At age 3, pointing and attention to voice continued to dis-
criminate the groups, with two additional behaviors adding to diagnostic accuracy (which
now reached 100 percent), use of other’s hand as a tool and hand or finger mannerisms
(e.g., flapping, flicking, posturing). Gillberg and colleagues (1990) conducted a similar
study, but without developmentally delayed comparison subjects, that examined 28 very
young children suspected of having autism (range = 8 to 35 months, with 20 percent of
the sample under 1 year of age). The most common early symptoms reported by parents,
prediagnosis, were abnormalities of gaze, orienting to voice, and play.

Based on their earlier empirical work on joint attention, pointing, and theory of mind,
Baron-Cohen and colleagues developed a measure for general medical practitioners or
pediatricians to use at well-baby 18-month examinations, the Checklist for Autism in
Toddlers or CHAT (Baron-Cohen, Allen, & Gillberg, 1992). Five key behaviors were
identified: pointing to express interest or direct attention, pretend play (both functional
and symbolic), showing objects, interest in other children, and social play (e.g., peek-a-
boo-type face-to-face interactional games). A large group of 18-month-olds was screened
with the measure, approximately half of whom were at higher-than-average genetic risk
for autism by virtue of having a sibling with the disorder. Four children (all from the
high-risk group) were later diagnosed with autism at 30 months of age. What distin-
guished them at 18 months from the larger sample was a pattern of failure on at least
two of the five key indicators. No child failing zero or one items was later diagnosed with
autism and no child failing two or more items did not have autism. In a later epidemi-
ological study of 16,000 randomly selected British 18-month-olds, this research team,
again employing the CHAT, identified ten cases who, upon longitudinal follow-up, were
later diagnosed with autism (Baron-Cohen et al., 1996). All ten children failed to point
to express interest, monitor another person’s gaze (e.g., turn to look in the same direc-
tion as an adult was looking), and demonstrate pretend play. Two additional children
failed all three items at 18 months, but were later diagnosed with non-autistic develop-
mental delays, providing an 83.3 percent specificity (true positive) rate for the CHAT.
Since the CHAT was designed as a screening measure used to refer children for special-
ist evaluations, rather than as a diagnostic tool in and of itself, the rate of false positives
is relatively unimportant as long as it is not excessively high.

The clear conclusion we can draw from this literature is the significance of early social
behavior in diagnosing autism. No so-called “positive symptoms” of autism (e.g., atypi-
cal behaviors that are present), such as hand mannerisms, ritualistic and perseverative
behavior, sensory abnormalities, or obsessional interests, identified cases of autism before
age 3. When present, these were clearly later-developing features of the syndrome (Lord,
1995). “Negative symptoms,” or typical behaviors expected in normal development that
are absent, are what predict autism. Specifically, it is largely social limitations, rather than
communicative deficits, that discriminate those with autism from those with other devel-
opmental problems.1 Language delay is a typical feature of both nonspecific develop-
mental delay and specific mental retardation syndromes, as well as, of course, the central
symptom of speech-language disorders; thus, it is clearly far from specific to autism.
Dozens of social milestones are passed before an infant would even be expected to utter
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a first word, further emphasizing the importance of early social behavior in the earliest
possible diagnosis of autism. Despite this, there is often a misguided emphasis on com-
munication, particularly verbal, deficits. Many a clinician and parent has suppressed or
dismissed concerns about social development until their suspicions are later confirmed
by the absence or delay in expressive language. Two recent studies suggest that early motor
abnormalities may also be present in infants and young children with autism (Baranek,
1999; Teitelbaum, Teitelbaum, Nye, Fryman, & Maurer, 1998), but these studies advo-
cate using motor deficits to augment, rather than replace, measures of social responsive-
ness in the early diagnosis of autism.

Conclusion

This chapter reviewed five areas of social development, attachment, joint attention, 
imitation, play, and theory of mind, and their relationship to autism. Evidence was 
summarized suggesting that all but attachment are impaired in children with autism 
and distinguish them from both typically developing and mentally handicapped but 
non-autistic comparison subjects. This research, originally embarked upon for purely em-
pirical reasons, has turned out to have very important practical implications. These same
behaviors are the most important means of identifying autism in very young children,
something that is essential to the best outcome of the disorder. It is critical for primary
care providers and parents to appreciate the central importance of early social behaviors
in evaluating the developmental “health” of their children. This research may also 
stimulate new therapeutic techniques for autism focusing on teaching social behavior that
typically unfolds naturally. For example, programs to teach joint attention and its com-
ponents (e.g., gaze monitoring, pointing) may be developed in the future and may lead
to even better outcomes for young children with autism. Finally, the centrality of early
social behaviors to early diagnosis of autism suggests that the domain of social behavior
may provide some of the most fruitful leads in the search for primary causal deficits of
the condition.

Note

1 Some early autistic deficits, such as limited joint attention, can be alternately categorized as
either social or communicative in nature. Either way, they are preverbal impairments, further
emphasizing the centrality of behaviors other than expressive language in first diagnosing
autism.
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neuropsychological, and neurobiological perspectives. Journal of Child Psychology and Psychiatry,
37, 89–126. This paper reviews current theories and empirical research on the etiology of autism
and its symptoms.
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Baron-Cohen, S., Tager-Flusberg, H., & Cohen, D. J. (Eds.). (1993). Understanding other minds:
Perspectives from autism. New York: Oxford University Press. This book reviews both sup-
portive and critical evidence of the “theory of mind” hypothesis of autism.

Sigman, M. (1998). Change and continuity in the development of children with autism. Journal
of Child Psychology and Psychiatry, 39, 817–827. This review article summarizes the deviances
and delays in social-communicative development seen in autism and examines continuities and
discontinuities in them across the life span.

Yirmiya, N., Erel, O., Shaked, M., & Solomonica-Levi, D. (1998). Meta-analyses comparing
theory of mind abilities of individuals with autism, individuals with mental retardation, and
normally developing individuals. Psychological Bulletin, 124, 283–307. This article provides a
critical review and meta-analysis of the very large theory of mind literature in autism.
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Chapter Twenty-one

Infant Mental Health in a Changing Society

Donna M. Gelfand

Introduction

Assessment of another person’s mental health poses great challenges. Many of the emo-
tional and cognitive manifestations of mental disorders are subtle, largely covert, or com-
pletely hidden. Only distinctive disturbances of overt behavior are apparent to others,
and even then the unusual behavior’s significance or purpose may be obscure. As the fol-
lowing discussion indicates, it is especially difficult to identify and interpret disordered
behavior in infants. The observer may puzzle over highly unusual infant behavior and
wonder why a baby persistently ignores her caretakers, strikes out at them wildly, cries
inconsolably, doesn’t learn to speak, or clings desperately to her mother. Such atypical
behavior patterns could be considered either temporary aberrations or signs of mental
disorder.

Older clients’ mental states are often diagnosed from self-descriptions of their thoughts
and feelings and their reports of the particular contexts in which difficulties arise. Indeed,
the sufferer’s reports are virtually essential for making a diagnosis for some internalizing
disorders such as depression and anxiety. Yet self-report requires a sense of self, which may
be largely unformed in young children. It is not until the age of 2 years, when the neural
circuits that unite the brain’s limbic structures with the frontal lobe are sufficiently devel-
oped, that an awareness of feelings and attitudes about self emerges (Kagan, 1998).
Lacking the ability to distinguish between self and others and to identify emotional states
of the self, infants are unlikely to be capable of self-report, even if they possessed the 
necessary expressive language skills to do so.

How then can clinicians identify mental health and disorder in preverbal infants? 
It is only within recent decades that tools such as operant learning techniques, rigorous,
objective ratings of the infant’s performance on standardized behavioral tasks, and 
sensitive physiological measures have been developed to provide windows on infant 
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perceptual and cognitive processes. In consequence, our beliefs about babies’ mental 
abilities have been nearly reversed from the former, uninformed opinion that infants’
senses are dull or generally undeveloped to an increasing appreciation for the cleverness
and adaptability of young children. Today’s predominant school of thought is based 
on a large body of research and selectively ascribes acute observational and reasoning 
abilities to young babies. Nevertheless, caution is in order, and some authorities 
warn against uncritically crediting infants with advanced perceptual and reasoning abil-
ities that surpass those that can be discerned in 3-year-olds (Haith, 1998). Careful and
critical analyses of infants’ abilities are under way in research laboratories throughout 
the world.

Historical Views of the Infant as a Person

Humans can be categorized as mentally healthy or mentally ill, but members of other
species are not similarly described. (Except by doting pet owners, who believe that their
animals are incredibly sensitive and intelligent.) Are human infants sufficiently like adults
to be capable of experiencing varying states of mental health or illness? Recognition of
infant capacities differs across cultures and historical eras. If only humans can become
mentally ill, are infants included in this group?

There is at least one affirmative answer to this question. The US government now offi-
cially recognizes that even newborns may suffer from emotional disturbances. According
to the Center for Mental Health Services (1993), the federal definition of childhood
serious emotional disturbances states: “Children with a serious emotional disturbance are
persons, from birth up to age 18, who currently or at any time during the past year have
had a diagnosable mental, behavioral, or emotional disorder.” There has been an histori-
cal progression from doubting infants’ full humanity to recognizing that they share adults’
human characteristics to the extent that they can have mental or emotional disturbances.
It is instructive to trace how the latter, modern view arose.

The concept that the infant is a person is a relatively recent historical development.
In medieval times, infants were viewed primarily as being unformed possessions of their
families. The European Enlightenment in the eighteenth century brought the vision that
children were appealing and interesting in their own right. Since then scholarly and
popular perceptions of children increasingly recognized their human qualities. However,
the idea that infants are not yet quite human has proved remarkably persistent even into
modern times.

In his widely influential writings on parenting, the early twentieth-century American
behaviorist John Watson advised parents to avoid contact with their infants except for
meeting their basic physical needs. Watson advocated leaving babies alone as much as
possible so they could grow healthy without the adverse influences of maternal smother-
ing and spoiling.

Infants were not even accorded a gender in scientific writings. As recently as several
decades ago textbooks referred to the infant as a gender-neutral “it,” rather than as he or
she. Even now, many science authors refer to infants as “it” and question babies’ full
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humanity. In his best-selling book on the natural history of life on earth, Richard Fortey
(1997) wrote: “The new toddler knows that it has done something important when it is
able to totter three steps from a chair leg to its mother’s outstretched arms. . . . The baby’s
delight coincides with the moment that it becomes human” (p. 296). What a revealing
comment! Is an “it” human in all senses of the term, and how does walking or talking
convey humanity on the infant? This passage reveals a profound hesitation to accord full
species characteristics to very young children.

The question about infants’ capacity to experience adult-like feelings arises as a prac-
tical issue in the field of medicine. Long into the twentieth century surgeons maintained
that infants could not perceive pain, and consequently performed painful procedures on
them without anesthetic. Ironically, this was at a time when veterinary medicine routinely
employed anesthetics during surgery on animals.

In the psychological sphere, young children are not popularly thought to long remem-
ber or suffer from separation from their primary caretakers. The quality of infants’ 
attachments to their primary caretakers and their obvious preferences and other 
expressions of affection were not, and still are not, considered as compelling evidence 
in child custody cases. Courts commonly supposed that young children can be manipu-
lated by the provision of treats or privileges to show that they prefer one parent 
over the other and that their preferences are often unwise. Moreover, it is supposed 
(in the absence of research evidence) that their custody preferences are not only ill-
founded, but also easily altered. However, the courts’ failure to use mental health 
experts’ opinions in custody and treatment cases may also stem from the lack of clear 
and convincing research evidence that early childhood experiences have a permanent
effect on the child’s later adjustment outcomes (Horner & Guyer, 1993). Lacking 
such evidence of an enduring effect on adjustment, judges and child welfare officers 
rely on other factors such as the custom that the mother is the preferred custodian of 
the children.

In short, adults have long ignored the feelings and preferences of infants, considering
them mentally limited and something less than fully human. However, modern research
methods have spread the view that infants are sufficiently intelligent and perceptive to
experience states of psychological health or mental disorder. The next logical question is
how psychological disorders might arise in the course of infant development. The next
section presents an overview of some of the major theoretical approaches to the study of
infant adjustment.

Theories of Infant Mental Health

Theories play a prominent role in the understanding and treatment of infant psycho-
logical disorders. The theoretical assumptions made about the nature and sources of 
health and illness determine the ways in which disorders are described, diagnosed, and
prevented or remediated. There is no overriding, generally accepted explanation of 
infant disorders, in part because there is a range of types of disorders and in part 
because scientists differ in their theoretical preferences. The major theories of infant psy-

Infant Mental Health in a Changing Society 591



chopathology can be variously traced to roots in psychoanalytic theory, ethological evo-
lutionary theory, physiology, or environmental explanations including learning theories.
Some accounts stem from more than one conceptual base (attachment theory draws on
both psychoanalytic thought and the science of ethology). It is impossible to do justice
to these complex theories in just a few paragraphs, so the following descriptions are
overviews only, describing some of the basic assumptions of each approach to the study
of infant psychopathology.

Ethological and Psychodynamic Theories

In the 1980s and 1990s, ethologically oriented attachment theory (Ainsworth, Blehar,
Waters, & Wall, 1978; Bowlby, 1969–1980) emerged as a dominant paradigm in the
study of infant mental health. This approach was based on psychoanalytic tenets about
the importance of very early experiences with the mother in the formation of personal-
ity. Attachment theory also arose from ethological observations of strong attachments of
infants of many species, ranging from birds to primates, to their parents or parent sub-
stitutes. Human babies were also observed to form strong, primary attachments to their
mothers, treating the mothers as a source of emotional regulation and a secure base from
which the baby could begin to explore and master the world. A healthy or secure attach-
ment and an internalized mental representation of the appropriately nurturant behavior
of a sensitive, warm mother give the infant a good start in life. Insecure attachments may
set the stage for future adjustment problems.

Attachment studies with humans originally focused on the quality of the infant’s emo-
tional attachment to a primary caretaker, usually the mother. Subsequent research expanded
to embrace infants’ attachments to others, such as fathers, other caretakers, and siblings.
Research has investigated the long-term effects of early attachment quality on the child’s
social adjustment in preschool, elementary school, and later years. Possible intergenera-
tional attachment influences are being studied to trace the effects of parental attachment
styles on their offspring. These developments in attachment theory and research illustrate
the integration of infant studies with the fields of child development and even adult adjust-
ment. Infancy is no longer a separate and isolated area for investigation, but often con-
tributes as one element in a life-span perspective on human development.

Learning and Conditioning

From the 1920s to 1960s, many psychologists believed that learning mechanisms
accounted for much of infant behavior, including psychopathology. B. F. Skinner (1953)
offered an influential description of behavior as controlled by its immediate consequences.
Skinner demonstrated the operant conditioning of a wide range of voluntary acts through
the provision of reinforcing consequences immediately following the behavior. Through
operant learning procedures, babies were taught the elements of verbal expression, 
motor skills, and even developmentally advanced skills such as reading through 
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shaping or reinforcing successive approximations to the final performance. Acquired invol-
untary responses, such as specific fears, were attributed to classical conditioning through
pairing with inherently frightening stimuli, such as loud sounds, lightning strikes, or loss
of support. Other stimuli were shown to acquire reinforcing properties through pairing
them with established reinforcers in a classical conditioning procedure. Conditioning was
presumed to account for a wide range of infant skills and problems, including eating and
sleeping disturbances, fears and anxiety, failure to develop normal motor and social skills,
and others. The investigator’s attention was on skill acquisition by the infant through train-
ing the caretakers in precise instructional techniques which they used to teach their chil-
dren. Thus the scientist’s focus was on the individual infant, although reciprocal influences
of infant and parent or teacher on the other were recognized. The learning approach empha-
sized precision, tight environmental control, and attention to the accumulation of separate,
identifiable skills in the study of human development.

Organismic and Dynamic Systems Models

The field of child psychopathology next progressed to observations of the overall quality
of the mother–infant relationship and parenting practices. The rise of the previously
described ethological models of attachment (Bowlby, 1969–1980) began in the 1980s,
along with a growing recognition of the transactional nature of caretaker–infant interac-
tions (Sameroff, Seifer, & Barocas, 1983). In the transactional view, babies are consid-
ered essential contributors to the relationship and to the caretakers’ behavior as well as
being recipients of adults’ actions. Family members, including the infant, bring their own
contributions to family interactions and the behavior of each person is continually influ-
enced in the interchange (Parke & Tinsley, 1987). Today the infant no longer is seen as
a separate entity, and studied independently from the family and community contexts.
The organismic approach, which considers the whole infant rather than separate mecha-
nisms and abilities, dominates in the current study of infant psychological development
(Parke, 1992). Researchers who pursue the organismic approach concentrate on the study
of growth as a function of infants’ relationships with parents and other regularly encoun-
tered caretakers and family members.

Most lately theorists have developed approaches such as dynamic systems models featur-
ing the emergent nature of the self as arising through the process of self-organization occur-
ring in relationships from the dynamic properties of social interactions (Fogel, 1993; Fogel
& Thelen, 1987). That is, the infant’s sense of self is generated within interchanges and rela-
tionships with caretakers. Pathological relationships limit the infant’s social development.
We have a sense of self in relation to others and as part of that relationship, but not inde-
pendently. In the dynamic systems view, humans are truly and essentially social beings.

Genetic and Physiological Influences

Genetic contributions to developmental deviations have been hypothesized for many
years. At first, simple genetic models were investigated, but single-gene anomalies proved
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more applicable to a limited number of severe developmental-delay disorders than to 
the more common disorders of social and emotional behavior and regulation. Disorders
involving multiple genes and chromosome sites are now generally preferred as possibly
underlying disorders such as anxiety, depression, and schizophrenia. Although false leads
abound, it is probable that at least some of these disorders will prove to have genetic 
contributors.

The recent emergence of computer-based, noninvasive methods for studying 
infants’ physiological functioning and the availability of improved measures of infant 
temperament have stimulated new theories linking individual differences in inborn 
temperament type with autonomic activity. In one such approach (Porges, 1996), 
records of infants’ heart-rate patterns provide measures of vagal tone that are linked 
to physiological arousal and stress hormones (cortisol level). These recordings provide 
a means of monitoring the physiological functions supporting an individual’s ability 
to cope with social interactions and stress. Babies with higher vagal tone are more alert
and easier to soothe (Huffman et al., 1998). Older children with higher vagal tone 
show better performance on cognitive tasks (Porges, 1997). Although questions remain
about measurement and interpretation (Berntson et al., 1997), the study of vagal tone
provides new light on early infant self-regulation and socioemotional adjustment.
Advances in genetics and neurobiology show great promise of revealing the biological
foundations of some aspects of psychological functioning and the development of 
disorders.

The most prevalent approach to infant psychosocial development incorporates both
genes and environment. Growth is governed by genetically based abilities emerging 
in a predetermined sequence as well as by social and physical environmental factors. 
The study of infant mental health has become truly developmental, emphasizing the
many interacting person and environmental factors that govern growth throughout the
life span.

The next section reviews some recent research that has led to greater appreciation of
infants’ abilities. Disruptions in the development of key skills might result in some of the
recognized mental disorders of infancy.

Research on Infants’ Abilities

There are many unresolved questions concerning infants’ abilities. What do babies know
and at what age do they know it? For example, how early in life can babies recognize their
mother’s face and voice? Are there fewer separate and distinct types of mental disorders
during infancy than later in life? Are there sensitive periods for the establishment of stable
aspects of psychological functioning, such as attachment to caretakers or gender identity,
or is development a more temporally flexible process?

The preceding list of questions does not necessarily mean that we know little and there
are few answers about infant psychopathology. In fact, infant psychological functioning
is a very active topic for research, and each year brings new evidence of previously undoc-
umented early sensitivities, capabilities, and psychological disorders.
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Observers who believe that babies are largely unaware of their physical and social
worlds will be surprised at how wrong they are. Just a few examples of infant abilities
reveal young infants’ sensitivity to emotional cues and their remarkable ability to relate
to others. Humans seem to be predisposed to form relationships with their parents (or
other primary caretakers). In the first few days after birth, infants can recognize their
mother’s face, based on features such as the outer contour of the mother’s head and the
separation line between her face and hair (Karmiloff-Smith, 1995). They can also dis-
tinguish their mother’s odor and voice from those of other women (Hepper, Scott, &
Shahidullah, 1993; Karmiloff-Smith, 1995). During the second half of the first year of
life, infants engage in social referencing in which they seek cues to interpret novel, poten-
tially threatening situations from observing the behavior of others. They attend closely
to others’ affective expressions, particularly their mothers’, for guidance in how to respond
when encountering stimuli such as loss of physical support or the approach of a self-
propelled mechanical toy monster complete with flashing lights and novel sounds. 
If the mother expresses fear or avoidance when the monster approaches, the infant
becomes wary, but is apparently reassured by the presence of a calm, confident mother
(Campos & Stenberg, 1981). These early perceptual and cognitive skills seem to reveal a
close, positive relationship between infant and mother and to promote future healthy
social development.

At the age of 2 years, the average baby has established a basic sense of self, as previ-
ously noted, and clear and accurate perceptions of others. For example, well before the
age of 1 year, babies can distinguish male and female faces. Moreover, they can label others
as either girls or boys correctly before they reach age 3 (Fagot & Leinbach, 1995). At this
same age, aggression rates drop sharply in girls (Fagot, 1977, 1985). Thus, establishment
of sex-role behavior begins in infancy, and presumably could also be disrupted during
this age period, perhaps with lasting consequences.

Enduring individual differences in language skills and cognitive performance can also
begin in infancy. Two-year-olds display individual differences in language and cognitive
skills that can prove surprisingly stable over time. Groups of infants who have larger
vocabularies at 2 years of age have higher than average IQ scores as 4-year-olds, particu-
larly on verbal measures (Bornstein & Haynes, 1998). This suggests that the roots of
accelerated or delayed verbal abilities may trace back to infancy.

Not only do infants understand words and speech patterns, but they also have some
understanding of others’ intentions. In one study, when 18-month-olds were shown a
model initiating but failing to complete a set of simple acts, such as putting a ball into a
bucket, they reenacted the unfinished but intended acts. However, they reenacted the
behaviors only when they were performed by an actual person, but not when demon-
strated by a machine (Meltzoff, 1995). Like adults, infants apparently think in terms of
goals as connected to people, but not to inanimate objects.

By the end of the first year of life, children who have succeeded at a task or explored
a novel stimulus look at their companions brightly and share smiles. This affective refer-
encing and sharing occurs early and provides a sensitive indicator of social adjustment
(Osofsky & Eberhart-Wright, 1992). Affective referencing and sharing is notably absent
in infants with autistic disorder. Sometimes these social behaviors are suppressed because
the infant experiences abuse or severe neglect. It is hardly surprising that high-quality care
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(which emphasizes sharing and social stimulation) is associated with good infant and child
adjustment (NICHD Early Child Care Research Network, 1998; Scarr & Eisenberg,
1993). The corollary is that neglect or abuse and extended separation from the primary
caretaker can produce agitation, self-regulation problems, and depressed affect in infants
and toddlers (Field, 1996).

The research evidence shows that infants are attuned to their physical and social
worlds. They seem predisposed to form enduring relationships with their parents, whom
they can recognize as individuals surprisingly early in development. The parent serves as
the source of care, protection, and information about the world, and is the baby’s first
teacher. Early experiences, individual differences in health status, and the quality of the
early rearing environment can all have profound consequences on the child’s develop-
ment. In some disorders, such as autism, the baby seems not to become attached 
to parents in the ordinary way, and may even shun social contact generally. In other 
disorders, early gains in motor and social-emotional development may be lost and 
profound retardation sets in. Many early disorders are recognized through general 
developmental delays or the infant’s failure to attain a normal pace of development of a
variety of abilities.

Classification of Infant Developmental Disorders

The list of clinical disorders recognized in infancy is shorter and the disorders included
tend to be more severe than many of those listed in diagnostic classifications for older
individuals. This paucity of infant disorder categories reflects the difficulty in identifying
and diagnosing disorders in preverbal infants. It is sometimes easy to recognize that a
baby is severely delayed, but difficult to determine the specific identity of the disorder.
Also, infant behavior is notoriously changeable and is closely tied to states of physical
health and illness. Thus, psychological problems are difficult to detect unless they are so
severe as to be unmistakable, as in profound mental retardation, neurological abnormal-
ities, or severe developmental delay.

Uncertainty about the nature and prognosis of many infant disturbances also makes
clinicians cautious about pronouncing that a particular infant has some type of develop-
mental disorder. If the prognosis is uncertain, the problem may well decrease or disap-
pear over time, so there is no need to worry already concerned parents about something
that may not represent a persisting problem. Pediatricians are highly reluctant to suggest
that a baby may have adjustment problems because of the difficulties inherent in early
diagnosis and the possibility that the parents could overreact. Consequently, pediatricians
often reassure worried parents that their infant’s problems are likely to spontaneously
remit over time.

This optimistic view is frequently justified, since the most prevalent parentally reported
problems of infants are transitory ones such as excessive fussy or colicky behavior, 
dysregulation of physiological functioning including feeding and sleeping problems, and
failure to thrive (AACAP, 1997). Many of the preceding problems abate or completely
disappear over time, especially if they are never so severe as to qualify as clinical 
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disorders. In the second year of life, parents begin to report problems in children’s 
social functioning, including aggression, overactivity, defiance, and impulsivity. In a
minority of cases, these are the precursors of more serious, clinical disorders such as oppo-
sitional disorder, conduct disorder, or attention deficit hyperactive disorder (ADHD). The
range of disorders increases during childhood and adolescence, and less severely dis-
ruptive problems can be more readily detected both within the family and at school.
Throughout childhood, developmental delays in sensorimotor and cognitive functioning
and lack of social sensitivity and responsivity to others constitute major sources of
concern.

The mental health community has recognized a limited number of disorders of 
infancy and early childhood. These disorders are included in the official diagnostic 
manual of the American Psychiatric Association (1994), the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV). Many of the same disorders appear
in the diagnostic classifications of the World Health Organization (1992), called the Inter-
national Classification of Diseases (ICD-10). The ICD-10 was designed to coordinate 
and share subcategory code numbers with the DSM-IV and to provide a standardized
diagnostic system for international use. A group of North American infancy psychiatrists
associated with the National Center for Clinical Infant Programs (NCCIP; 1994) is 
developing and testing additional categories to complement those in the DSM-IV. The
general categories of disorders applicable to infancy that these three schemes have in
common are:

1 childhood autism or autistic disorder;
2 atypical pervasive developmental disorder variably termed pervasive developmental

disorder not otherwise specified (DSM-IV), atypical autism (ICD-10), or atypical
pervasive developmental disorder (NCCIP);

3 reactive attachment disorder of infancy, early childhood, or childhood (deprivation
syndrome in NCCIP);

4 anxiety disorders, which are termed separation anxiety disorder in the DSM-IV and
ICD-10 nosologies.

In addition, some eating or feeding disorders such as rumination and pica are included
in nosologies of infant mental disorders.

The NCCIP classification scheme includes more categories of disorder in infancy than
the other two. The greater number of categories in NCCIP could be because it was devel-
oped specifically and exclusively for infants, by infant mental health specialists rather than
by a group dominated by adult specialists with less acquaintance with young children’s
problems (Emde, Bingham, & Harmon, 1993). For example, the NCCIP lists a number 
of types of regulatory disorders, including hypersensitivity, underreactivity, active-
aggressive, mixed regulatory disorders, and sleep and eating disorders. As noted previously,
these are the types of problems for which infants are most often referred to pediatricians.

In the next sections, each of the major categories of infant disorders will be described
in more detail. The DSM-IV, which is perhaps the most widely accepted and used diag-
nostic system, will serve as the primary source of the categories of disorder discussed in
this chapter.
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Major Categories of Infant Adjustment Disorders

Pervasive Developmental Disorder

An individual infant’s rate of progress can be assessed through the appearance of various
skills or developmental milestones at predictable or average ages. Developmental 
milestones include the appearance of the social smile, the progression of motor skills begin-
ning with moving the trunk, pulling oneself upright, and culminating in unassisted
walking, expressing and understanding speech, and forming an emotional attachment 
to the major caretaker(s). When a baby’s development falls behind and clearly and persis-
tently fails to meet norms for several of these developmental milestones, a pervasive devel-
opment disorder may be diagnosed. For example, a baby of 1 year of age who has a
pervasive development disorder may fail to recognize her own name, utter no words, and
make little progress toward walking. Pervasive developmental disorders typically appear
within the first 30 months of life and are characterized by severe distortions and limita-
tions in an infant’s social, cognitive, emotional, and language development. Many differ-
ent areas of functioning are adversely affected. In older individuals, these performance
failures would lead to a diagnosis of mental retardation. This category of pervasive devel-
opmental delay clearly does not apply to an otherwise normal baby who is slow to acquire
a specific skill such as talking or walking. To qualify as a pervasive development delay, the
problems must be severe and multiple, affecting many aspects of the infant’s functioning.
Autistic disorder is one example of a condition that falls within the general classification
of pervasive development delay.

The DSM-IV classification schema distinguishes between autistic disorder and other
disorders that are also pervasive but do not meet the criteria for autistic disorder. These
latter syndromes are termed pervasive developmental disorder not otherwise specified (or
atypical pervasive developmental disorder). Rett’s disorder, Asperger’s disorder, and child-
hood disintegrative disorder are also identified in DSM-IV as disorders that may appear in
the first three years of life. These disturbances are often accompanied by mental retarda-
tion, ranging from profound to mild. Various physical problems may also be present,
including chromosomal abnormalities, CNS structural abnormalities, and a history of
infections.

Autistic disorder

Autism is a widely recognized though rare disorder that occurs in 2 to 5 among 10,000
individuals, or less than 1 in 1000 (American Psychiatric Association, 1994; Fombonne
& du Mazaubrun, 1992). Less stringent diagnostic criteria can increase the rate to the
10–14 cases per 10,000 reported in one Japanese study (Ohtaki, Kawano, Urabe, &
Komori, 1992). The onset is before the age of 3 years, and parents typically report that
their child shows abnormal aloofness and failure to develop normal communication
within the first year of life. Normal patterns of attachment to caretakers and the ability
to relate to others socially are greatly disturbed.
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DSM-IV criteria for autism include: (1) impaired quality of social interaction, such 
as lack of normal eye contact and social give-and-take, flat facial expression, odd body
postures, and failure to use either speech or gestures to engage others in social interac-
tion; (2) impaired communication, including absent or delayed spoken language, some-
times accompanied by stereotyped, repetitive, or idiosyncratic language, or echolalia
(simply repeating what the other person has just said rather than replying). Although
physically capable of language, some autistic children are mute. Make-believe play is defi-
cient or absent (i.e., imaginary play such as holding a tea party for dolls or pretending
that a block is a vehicle); and (3) unusual, highly selective, repetitive and stereotyped behav-
ior, such as fascination with looking at lights or spinning objects. The infants may also
hysterically insist on particular nonfunctional rituals and preferences, such as eating 
only white food, only liquids, or playing with a mop, but not with toys. Infants with
autism often protest loudly and for prolonged periods if their stereotyped routines are
interrupted, the environment is changed, new caretakers are introduced, or the furniture
is repositioned. This “insistence on sameness” may help the child with mental retarda-
tion and severe attentional and other processing problems to function in an otherwise
baffling or overwhelming environment (Gelfand, Jenson, & Drew, 1997; Kauffmann,
1993).

Although some children with autism improve with age, many do not, particularly if
they also suffer from mental retardation. In fact, 75 percent of children with autism have
IQ scores below 70 (Kauffmann, 1993; Sue & Sue, 1990). Children who fail to develop
communicative speech and also display mental retardation are particularly likely to con-
tinue to suffer from pervasive disabilities in later life. Moreover, those who are markedly
below average in intelligence are more likely to develop harmful self-stimulation routines,
such as head banging, hair pulling, scratching, and biting themselves. The source and
function of self-injury is not well understood, but sometimes removing reinforcing atten-
tion and other valued activities contingent on self-injurious behavior reduces its rate
(Kauffmann, 1993). Overall, autism strikes two to four times as many males as females,
but the females with autism are more likely to be severely afflicted (Volkmar, Szatmari,
& Sparrow, 1993).

The treatment of children with autistic disorder has received great public and profes-
sional attention. Several decades of parental lobbying for more research on autism have
stimulated development of effective therapies. Behavioral techniques have been developed
to teach highly dysfunctional children specific skills such as attending to the therapist,
imitating others, compliance with requests, uttering words and sentences and holding
simple conversations, and controlling self-injurious behavior. Although such programs
aid in the management of developmentally delayed children, neither behavioral programs
nor pharmacological therapies produce lasting improvements once the therapy is discon-
tinued. For most children with autism, the disorder is a lifelong disability. Those with
the greatest developmental delays and IQ scores below 50 in early childhood rarely recover
to live normal lives (Lockyer & Rutter, 1969).

Even the “high-functioning” autistic children with functional speech and formal
schooling appear odd and unresponsive socially, have few if any friends, and remain
dependent on their families as adults (American Psychiatric Association, 1994). A few
display islets of mental ability, often combined with some unusual, idiosyncratic interest,
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so they can memorize music and some give skilled musical performances, recite the details
of complex rail or subway systems or name the day of the week from calendars over
periods of decades. Despite these apparent gifts, in other areas of cognitive and social
ability, the same individuals may appear sadly deficient.

The highly atypical mental, social, and emotional functioning of children with autis-
tic disorder and the condition’s resistance to treatment of any type lead most authorities
to conclude that it has a largely organic basis. Many promising research leads about 
etiology have resisted replication. As yet it is unclear whether autistic disorder will 
ultimately be traced to genetic, infectious, or other causes.

Other pervasive developmental disorders

This diagnostic category constitutes several disorders, including atypical autism, Rett’s
disorder, childhood disintegrative disorder, and Asperger’s disorder. Some features of these
disorders resemble autism, but others are different. All are grave conditions from which
relatively few individuals recover to live normally independent adult lives. As with other
disorders, children with milder cases have better prognoses.

DSM-IV lists a category of pervasive developmental disorder not otherwise specified,
which includes atypical autism. This condition resembles autistic disorder but differs in
some respects, whether because of lesser severity, absence or difference in form of the
usual autistic symptoms, or later age of onset. This is a so-called garbage-can category for
diagnostic use when a child is less severely affected or is seriously and pervasively impaired
mentally and emotionally but does not meet criteria for autistic disorder, another perva-
sive developmental disorder, or any other mental disorder (American Psychiatric Associa-
tion, 1994).

Both Rett’s disorder and childhood disintegrative disorder are marked by a serious 
regression in many areas of functioning following at least two years of apparently 
normal development. Rett’s disorder apparently only afflicts females. In Rett’s 
disorder, head growth begins normally but falls behind normal between the ages of 5 
and 48 months. The infant loses previously developed hand skills and develops stereo-
typed movements that resemble wringing or washing of the hands along with severe 
retardation in motor skill development, including poorly coordinated walking. Affected
infants also display severely impaired language skills and loss of interest in social 
interactions.

Childhood disintegrative disorder is even less prevalent than autistic disorder and
usually occurs together with severe mental retardation, which limits learning of all types.
Many different areas of functioning are severely disrupted. The onset can be sudden or
insidious and most often occurs after three to four years of seemingly normal develop-
ment. Boys are more commonly affected than girls.

Asperger’s disorder differs from the other pervasive disorders in that the child may show
no marked general delay in language development, cognitive development, or the appear-
ance of adaptive and self-help skills. However, there is a severe distortion and deficit in
social interests and interaction skills. Autistic-like restricted repetitive and stereotyped
interests and behavior patterns form a portion of Asperger’s syndrome.
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Reactive Attachment Disorder and Insecure Attachment

In the United States, nearly 1 child in 200 is physically abused and almost 1 in 100 is so
badly treated as to meet the legal criteria for physical neglect (Cappelleri, Eckenrode, &
Powers, 1993). Infants are particularly likely to be mistreated because they are immature
and unable to defend themselves. Early and very severe maltreatment can lead to reactive
attachment disorder, particularly if no adequate alternative caretaker, such as a grand-
parent, is available to counteract the effects of seriously deficient parenting. Even in the
absence of traumatic abuse and neglect, less obvious forms of maltreatment can heighten
the child’s risks of later psychopathology (Carlson, 1998; Cicchetti, Toth, & Lynch,
1995). An infant’s attachment security can be threatened if the primary caregiver (usually
the mother) provides very inadequate care.

Main and Hesse (1990) identified a type of insecure attachment they characterized 
as disorganized/disoriented, because the infant shows no coherent pattern of attach-
ment behavior. Upon reuniting with the caretaker after a brief separation, the infant 
displays very unusual behavior. The typical child reunites happily with the caretaker (secure
attachment) or consistently resists or avoids her (coercive or avoidant types of insecure
attachment). In contrast, the infants with a disorganized/disoriented attachment strategy
may appear dazed, frozen in place, or become apprehensive upon seeing the caretaker. Some
may first strongly avoid her but immediately afterward insistently cling to her, so their
behaviors do not follow a typical or logical sequence. Unlike most other children, these chil-
dren display no organized coping strategy in tests of attachment, which is why their behav-
ior is termed disorganized (Main, Kaplan, & Cassidy, 1985). Such disorganized attachment
is thought to stem from having a frightening or frightened caretaker who provides the baby
with conflicting cues about how to behave (Carlson, 1998).

The disorganized/disoriented attachment type is associated with deviant rearing con-
ditions such as: (1) severe and chronic maternal depression during the child’s infancy
(Teti, Gelfand, Messinger, & Isabella, 1995), (2) early maltreatment (Carlson, Cicchetti,
Barnett, & Braunwald, 1989), (3) prenatal alcohol or drug exposure (O’Connor, Sigman,
& Brill, 1987; Rodning, Beckwith, & Howard, 1991), or (4) hostile, intrusive, and insen-
sitive caregiving (Lyons-Ruth, Repacholi, McLeod, & Silva, 1991). Note that several of
the preceding conditions are likely to co-occur in high-risk families. However, not all chil-
dren who develop the disorganized/disoriented attachment relationship or other insecure
attachment relationships also develop psychopathology. Rather, as a group, they are more
likely than others to form poor peer relationships and experience multiple problem behav-
iors during childhood.

Reactive attachment disorder

In some instances of markedly disturbed care, such as the child’s prolonged hospitalization
or extreme deprivation or physical abuse, children under 5 years old may develop reactive
attachment disorder of infancy or early childhood. This disorder consists of markedly dis-
turbed and developmentally inappropriate social relatedness in most contexts and with
most individuals. The disturbed behavior may be either inhibited or disinhibited. In the
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inhibited type, the child displays a mixture of approach and avoidance or frozen watch-
fulness and will neither initiate interactions nor respond appropriately to most social over-
tures. This behavior pattern resembles the reaction of the infant with disorganized/
disoriented attachment to the mother, but in the reactive attachment disorder syndrome,
the infant responds in similar fashion to everyone. In the disinhibited type, the child is
indiscriminately sociable, lacks selective attachments to primary caregivers and familiar
persons and shows excessive familiarity with strangers. To qualify as creating one of the
subtypes of reactive attachment disorder, the child’s care must be demonstrably pathogenic.
Either the child’s basic physical needs go unmet, emotional needs are persistently disre-
garded, or repeated changes of primary caregivers preclude formation of stable attach-
ments. These diagnostic categories are limited to severe conditions and little is known
about them, even regarding their prevalence. They are thought to be very rare.

Anxiety Disorders

In DSM-IV, the latest edition of the American Psychiatric Association’s diagnostic manual
(American Psychiatric Association, 1994), the number of childhood anxiety disorders was
reduced from several to only one: separation anxiety disorder, which is classified under
the broader category of other disorders of childhood and adolescence. The previous
edition of the DSM included a broad category of anxiety disorders of childhood and 
adolescence and the additional specific categories of avoidant disorder and overanxious
disorder as well as separation anxiety disorder.

Separation anxiety disorder

A child who absolutely insists on being near a parent or other close caregiver for most of
the time, vigorously resists separation, even to go to bed, and shows excessive distress
when not at home with parents may have separation anxiety disorder. According to DSM-
IV criteria, the disorder must be intense, present continuously for at least four weeks, and
inappropriate for the child’s age. The onset may be as early as the preschool years, but
many symptoms are detected only through the child’s verbal reports, such as fear of
attending school, worries about getting lost or kidnapped, or nightmares about separa-
tion. Consequently, separation anxiety disorder is more likely to be diagnosed in older
children who can voice their concerns. There are virtually no definitive studies of its preva-
lence in the first few years of life.

Young children who develop separation anxiety disorder are more likely than others
to have mothers with panic disorder or first-degree biological relatives with separation
anxiety disorder (American Psychiatric Association, 1994). Thus, both genetic predispo-
sition to anxiety and environmental family influences may contribute to development of
separation anxiety. Research by Kagan and his colleagues (Hirshfeld et al., 1992; Kagan,
Reznick, & Snidman, 1987) indicates that some 10–15 percent of white infants are tem-
peramentally inclined to behavioral inhibition. This condition is thought to be inborn
and consists of a pattern of anxious and withdrawn behavior including clinging or depen-
dence on parents, fearfulness and withdrawal from new situations, and physiological
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arousal in unfamiliar settings. These anxious and avoidant behaviors appear during
infancy and resemble separation anxiety disorder. Behavioral inhibition may be a risk
factor for later anxiety disorder during childhood (Biederman et al., 1993), but only a
minority of children with behavioral inhibition develop anxiety disorders. Other factors,
such as the family environment, may also play important roles in the outcome for the
behaviorally inhibited infant (Silverman & Ginsburg, 1998).

Eating and Feeding Disorders

If physical disorders such as gastrointestinal and general medical conditions or illnesses
can be ruled out, certain disruptions in eating and elimination are diagnosed as mental
disorders in DSM-IV. Feeding disorder of infancy or early childhood most often begins
within the first year of life and results in significant growth delay over a period of at least
one month. Sometimes conditions such as parental ignorance about babies’ nutritional
needs, abuse, or neglect are associated with this condition.

In rumination disorder, the infant repeatedly regurgitates and rechews food. This con-
dition occurs repeatedly after a period of normal eating and over at least a one-month
time span. The resulting malnutrition can result in significant weight loss and even death.
In pica, the infant persistently eats nonnutritive substances over a period of at least one
month. A variety of unsavory and sometimes dangerous substances are consumed, includ-
ing paint (especially dangerous if the paint is lead-based), plaster, dirt, hair, or cloth
(American Psychiatric Association, 1994). Enuresis and encopresis are not diagnosed
before the child reaches the age of 4 or 5 years, so they are not typically considered 
disorders of infancy.

This brief overview of some of the most widely recognized psychological disorders of
infants indicates that relatively little is known about the classification and accuracy of
diagnosis of these conditions, except for eating and feeding disorders. In the case of the
rare disorders, such as the pervasive developmental disorders, solid information is lacking
on their prevalence, gender distribution, etiology, prognosis, and treatment. Because these
conditions are so rare, the accuracy with which they can be diagnosed is not established,
handicapping both research and treatment. The exception is autistic disorder, which can
now be diagnosed with increasing accuracy because it has been better studied than other
early disorders.

It is not enough to produce descriptions of infant disorders, since the descriptions may
prove to be inaccurate or unusable in clinical practice. The next issue to be addressed is
whether the disorders described in DSM-IV and other classifications can be reliably
applied by clinicians. A variety of tests, observations, and rating scales have been devised
to assist in the diagnosis of infants.

Infant Assessment

Among the numerous impediments to accurate assessment and diagnosis of infant psy-
chological disorders is a strong bias among physicians, mental health workers, and the

Infant Mental Health in a Changing Society 603



public in general to consider infants’ adjustment difficulties as transitory and readily out-
grown. Many pediatricians are reluctant to diagnose emotional disorders in infants and
young children lest the diagnoses worry parents needlessly about a condition that will
turn out to be transitory. However, pacifying the parents does not help them deal with
an infant who suffers from a serious psychological disorder. Accurate assessment is as
essential for infants as for adults, if not more so.

Psychological assessments of infants differ from assessments of older groups in three
major ways: (1) nonverbal or performance tests and behavioral observations are more
often used with infants; (2) relatively few reliable, standardized measures have been devel-
oped for use with infants, compared to the many tests for adults; and (3) infants are 
more often studied in the context of their relationships with family members than 
individually.

There are clear age-related differences in reliance on language in assessment. Infants’
very limited expressive and receptive language precludes the use of verbal self-reports in
assessment and diagnosis. Imagine how similar communication limitations would affect
assessment of older age groups. The most frequently used diagnostic tools would be
unavailable for use with adults who lacked receptive and expressive language. There would
be no verbal IQ tests and no self-reports of emotional states or personality attributes, such
as the often-used Beck Depression Inventory, the standardized tests of general intelligence,
the MMPI (Minnesota Multiphasic Personality Inventory), and many others in common
use with adults. Also, there would be no conversational diagnostic interview, which is the
basis of most psychiatric assessment. It is much more difficult to pinpoint the difficulties
of young children than those of adult clients.

Because of the relative imprecision of classification of early childhood disorders, it is
more difficult to assess whether or not an infant meets diagnostic criteria for a particu-
lar disorder (AACAP, 1997). Further, there is considerable overlap in the symptoms of
different disorders. For example, significant delays or regression in the development of
language characterizes many disorders, including autistic disorder, pervasive develop-
mental disorder (not otherwise specified), childhood disintegrative disorder, psychic
trauma disorders, mental retardation, and some affective or mood disorders. When the
same problems are used to indicate different disorders, reliability of diagnosis drops dra-
matically (Gelfand et al., 1997, chap. 12). Assessment of young children is severely
impeded because clinicians cannot use diagnostic tests and procedures that rely largely or
totally on verbal communication. Overall, low reliability in diagnosis, disagreements
about the classification of disorders, and inadequate testing and observation methods all
severely limit clinical work with infants.

Further, because babies interact so closely and continually with their caretakers 
and are so dependent on their parents and families to ensure their health and well-being,
their whole social context must be assessed. Many researchers and clinicians have 
concluded that the basic unit of study is not the baby, but rather the baby in interac-
tion with the mother or other major caregivers. The transactional view that infant 
and caregiver must be viewed as a unit, with each influencing the other, is widely accepted
in contemporary clinical practice. Thus, both parents’ reports of infant behavior 
and actual observations of their interactions are important aspects of the assessment
process.
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Standardized Tests and Observations

A limited number of psychological tests and rating scales have gained acceptance as mea-
sures of emotional adjustment and cognitive development, particularly reasoning,
memory, and language abilities. Most of these tests compare the individual infant’s abil-
ities against the norms for age-mates, giving higher scores for more developmentally
advanced performances. More standardized tests assess infants’ cognitive abilities and daily
living skills than test emotional and social adjustment. Examples of scales measuring early
cognitive development include: (1) the Bayley Scales of Infant Development for infants
from 2 to 30 months old (Bayley, 1969), (2) the Vineland Adaptive Behavior Scale, offer-
ing forms for diverse ages, from infants to adults with mental disabilities (Sparrow, Balla,
& Cicchetti, 1984), and (3) the McCarthy Scales of Children’s Abilities (McCarthy,
1972), designed for use with older infants through 8-year-olds. Standardized tests of 
language performance include Lee’s Developmental Sentence Analysis (1971), the
Peabody Picture Vocabulary Test (Dunn & Dunn, 1981), and the Reynell Developmen-
tal Language Scales, Revised (Reynell, 1977, 1991).

Many clinicians prefer to assess language development of very young children 
informally during the general testing and interview process (Minde & Minde, 1986). Sole
reliance on clinical impressions to assess infants without recourse to age norms or 
standards makes for serious unreliability of judgment from one clinician to another.

Quality of the home environment and adequacy of the child’s care can be assessed using
Caldwell’s (Bradley & Caldwell, 1984) Home Observations for Measurement of the Envi-
ronment (HOME ratings). A trained home visitor interviews the parent and rates aspects
of the home and family environment, including the mother’s sensitivity to and involvement
with the child, acceptance of the child’s behavior, and provision of developmentally appro-
priate play materials. The organization or disorganization and variety of the infant’s sched-
ule and physical environment are also rated, giving an overall picture of the setting in which
the child is being reared. HOME scores are positively related to impoverished children’s cog-
nitive performance and are lower in families with mothers diagnosed with depression
(George, Jameson, Gelfand, Altman, & Teti, 1996; Goodman, 1992).

The quality of an infant’s emotional attachment to the mother or other primary care-
taker can be measured by highly trained observers during a standardized sequence of brief
separations and reunions of mother and infant in a laboratory setting. The Strange 
Situation Test developed by Ainsworth tests the security of the infant’s attachment to the
caretaker (Ainsworth et al., 1978). Alternative attachment security tests consist of lengthy
home observations and expert observers’ ratings in addition to parent self-reports (attach-
ment Q-sorts), or mother-reports alone. As previously described, the resulting classifica-
tion of the infant as securely or insecurely attached (with several types of insecure
attachment rated) is useful in detecting early adjustment problems that may forecast
future adjustment problems.

Assessment of parents’ attitudes and behavior may be a portion of the assessment of the
infant’s status. Abidin’s Parenting Stress Index (Abidin, 1986) is a standardized self-report
instrument for parents designed to identify family stress, dysfunctional parenting,
parent–child relationships, and the child’s risk for deviant development.
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Other parent-report questionnaires are available to assess child temperament, attach-
ment status, and other aspects of early functioning that could be related to mental health.
At least one problem behavior noted in some 2-year-olds, aggressive behavior, correlates
moderately and significantly (r = .55) with the same children’s aggressive behavior at age
9 years, despite age-related differences in the particular form of the aggression displayed
(Achenbach, 1992). Thus parent reports of at least some infant problem behaviors such
as attachment and aggression can be clinically important.

Because the parent–infant relationship is so important to the child’s development, it
is highly desirable to evaluate the quality of their dyadic relationship. Most clinicians
provide brief verbal descriptions of their observations regarding the quality of the
parent–infant relationship. However, the NCCIP manual provides a Global Assessment
Scale (GAS) that rates the relationship on a 90-point scale, ranging from dangerous and
indicating imminent danger to the infant on the low end to an unusually well-adapted
dyad on the top. The GAS provides users with a common vocabulary to facilitate com-
munication within the mental health community. Unfortunately, there is little informa-
tion to suggest that the Global Assessment Scale can be used reliably by clinicians in
everyday practice, nor is it clear how relationship quality relates to the development of
infants’ problems (Emde et al., 1993). Until these issues are addressed in research, this
scale offers little advantage over simple narrative or having clinicians characterize the
adult–infant relationship in verbal terms.

The field of infant mental health is itself in its infancy. Good information is lacking
on the prevalence, gender distribution, etiology, prognosis, and treatment of the rarer
infant disorders, such as several of the pervasive developmental disorders. The accuracy
with which these disorders can be diagnosed is not established, handicapping both
research and treatment, since no one can be sure that the conditions of the same name
that are studied at various times and places are actually identical.

Early Intervention and Treatment

Early interventions typically focus either on the child or the parent(s). Some programs
for parents include other family members who have regular contact with the child, such
as grandparents, as well as non-related but regular care providers. Infant- and parent-
oriented interventions are not mutually exclusive, and each may include elements of the
other. For example, when the infant is given special stimulation programs, the caretakers
are often trained to administer the procedure at home. However, the interventions can
be usefully grouped according to the relative attention given to teaching specific skills to
the child or to supporting the parents and promoting overall family functioning.

Infant-focused Interventions

Sensory stimulation programs are frequently prescribed for infants with developmental
delays. Many different modes of stimulation are used, including visual and auditory
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enrichment of the baby’s environment and rocking and massage, delivered either 
manually or by machine. Field (1999) has found that brief daily massage sessions 
benefit premature infants and autistic children, among other special-needs groups. In one
study, preterm infants who received 15-minute massages three times a day for ten days
gained weight more quickly and could be dismissed from the hospital earlier than
untreated infants. The normal developmental increase in norepinephrine and epineph-
rine (catecholamine) levels during infancy was also facilitated by the massage (Kuhn 
et al., 1991).

In a recent study, full-term infants of adolescent mothers responded well to massage,
made greater weight gains, became more responsive, relaxed, sociable, and easy to 
soothe (Field, Grizzle, Scafidi, & Schanberg, 1996). This simple intervention promises
to have many benefits. There is new interest in massage therapy among mental health
professionals, although massage itself has long been used informally by parents and
medical personnel. Relatively little well-controlled research has yet addressed the 
psychological and physical effects of massage therapy on infants, although the early 
results are promising.

Skills Training for Infants

Infants who lag far behind age-mates in social and cognitive development may require
individualized stimulation and training. Most programs are behaviorally based, and all
interventions begin with the establishment of a warm, sensitive, responsive relationship
between therapist and infant. Frequently the therapist teaches the parents to administer
at least some portion of the training sessions to their child. Couples learn efficient teach-
ing methods that benefit their babies and become more self-confident parents. Parenting
self-efficacy expectations grow when parents successfully train their own children and
become less dependent on professionals.

The specific behavioral methods used may begin with training infants to attend to 
and imitate the trainer, follow simple instructions, utter specific sounds and words, and
hold the head upright. Training may then progress to teaching the infant to crawl, 
rise from a sitting position, walk, feed him or herself, use a toilet, and other develop-
mental achievements. Ideally, infants acquire these skills in the normal course of living
and with little or no professional intervention. However, when they cannot do so, indi-
vidualized behavioral programs are invaluable. Often, however, effective intervention
requires much more than acquisition of a set of specific skills. Most programs for severely
disordered infants are multifaceted and aim to improve many aspects of the infant’s and
family’s life.

Improving Home Environments

Infant care has progressed far from the early twentieth-century view that babies need only
a nutritious diet and adequate sanitation in order to thrive. Contemporary professional
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and public opinion recognizes the vital importance of an additional component, warm
and loving care by emotionally available regular caretakers. A wealth of empirical research
has revealed the importance of high-quality care and stimulating surroundings in facili-
tating children’s psychological development (NICHD Early Child Care Research
Network, 1998). Any family condition that creates a climate of neglect, violence, abuse,
despair, and insecurity for young children is likely to exacerbate their problems or create
new ones. It is very difficult to help children without addressing the needs of their parents
and siblings as well. Impoverished, ill-educated, or psychologically disturbed mothers who
find childrearing particularly challenging may need prolonged and multifaceted profes-
sional help.

Early childhood intervention programs that provide additional physical and psy-
chosocial stimulation have been found to promote the cognitive development of infants
at risk because of psychological disorders, family poverty, low socioeconomic status, and
other risk factors (Bradley, Caldwell, & Rock, 1988). The quality of the infant’s living
environment during infancy predicts later cognitive and language competence through
age 5 (Bradley et al., 1988). This consistent research finding suggests that programs aimed
to increase infants’ quality of care and variety of daily stimulation will enhance their 
cognitive development.

Head Start, the national US effort at early education for young children from 
impoverished families, is a successful example of early intervention aimed at improving
many aspects of children’s lives. Serving primarily low-income preschool children ages 
3 to 5, Head Start programs offer early childhood education, health screening and 
referral, mental health services, nutrition education, hot meals, family social services, 
and programs of parent employment, training, and involvement with children. The 
Head Start program benefits children’s school adjustment and social competence, 
both during preschool and afterward (Zigler & Muenchow, 1992). A similar program
beginning in infancy or during the mother’s pregnancy could benefit many American
families.

Comprehensive Parent-training Programs

Parent-training programs aim to improve parenting practices and family relationships on
the assumption that improved family functioning will promote child development
(Gelfand et al., 1997, chap. 4). Parents of infants with pervasive developmental delay are
taught various relationship-building and direct stimulation procedures to build their
child’s basic emotional, social, and cognitive skills. Such programs are very ambitious and
attend as much to parent and child motivation as to child management. One of the most
impressive such programs was developed by Webster-Stratton and Herbert (1994). These
authors advocate that therapists be very approachable, adopting a collaborative style with
parents rather than acting as remote experts on childrearing. Although this model teaches
participants specific skills, it also seeks to accomplish a more ambitious goal. The Webster-
Stratton and Herbert intervention respects the parents’ values and childrearing philoso-
phy, builds their knowledge about child development, and helps them to acquire the
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necessary behavioral and social instructional techniques to help their infants. This
approach acquaints parents with developmental norms by which to judge their child’s
progress and set realistic expectations. The intervention is complex and consists of immer-
sion in a program of individual and group discussions, readings, viewing videotapes of
appropriate management of delayed infants, homework assignments, self-observation, and
recording of parent and child behavior. Therapists respect the parents’ values, autonomy,
and responsibility for developing solutions that are best for their particular family
(Herbert, 1998). This builds parents’ self-confidence (parenting self-efficacy feelings) that
will lead them to persist in the face of difficulties that inevitably arise and sometimes
defeat treatment efforts (Bandura, 1989). This intervention draws upon a large body of
research on treatment effectiveness, incorporates many behavioral techniques of demon-
strated utility, and thus has great promise.

A major limitation is the daunting amount of time and effort required of both 
parents and professionals, which makes the comprehensive parent-training approach pro-
hibitively expensive and time-consuming for some families. However, neglecting to treat
a severely delayed child may ultimately be more expensive yet if the untreated child 
continues to need mental health services, special education, and never becomes a self-
supporting adult.

Requirements for Effective Early Intervention

Many early intervention programs have been developed and tested during the past several
decades (Pumariega & Glover, 1998). Most of these programs have aimed to prevent
developmental delays in children who are born into extreme poverty or whose parents are
incapacitated in some way (e.g., by dependence on drugs or alcohol or by mental disor-
ders such as depression or schizophrenia). Other groups who have received early inter-
vention include extremely premature, low-birthweight babies, abused or neglected
children, and those with congenital disabilities.

Effective early interventions for these various groups of children share certain 
features. Disorders are usually associated with many risk factors, so interventions must
be complex and include many different features (Coie et al., 1993). Prevention programs
often focus on children who are at risk for one or more problems and live in high-risk
environments, for example, developmentally delayed or physically abused infants living
in impoverished families. The range of intervention techniques is fairly limited at present.
In many instances, sensory stimulation sessions are introduced, including holding or
rocking the infant, the massage therapy described previously, or provision of visually
complex pictures, mobiles, and developmentally appropriate play materials, which are
believed to be cognitively stimulating. Caretakers are trained to provide warm, sensitive,
stimulating care on a daily basis. A common prescription for at-risk infants is parental
instruction in appropriate parenting practices and the development of loving relation-
ships. Families may also require more general help in the form of instruction in problem-
solving skills, improved health practices, communication, and mutual support skills
(Winett, 1998). Parents who are economically dependent on welfare and charity 
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programs may also be given educational and work opportunities and help in adapting to
the workplace.

In their review of early intervention efforts, Craig and Sharon Ramey (1998) con-
cluded that some fragmented and minimal programs are not sufficiently powerful to
benefit children. For example, introduction of weekly home visits for a few months or
enrolling the young child in a therapeutic nursery school for a few hours each day may
both fail to produce noteworthy improvement, whereas a more ambitious, intense, and
sustained effort over a period of several years can succeed. Thus comprehensive and pro-
longed interventions which provide health, training, support, and perhaps parental job-
training services have larger effects than interventions that are less extensive (Ramey &
Ramey, 1998). If they are to profit from mental health services, many families require a
broad spectrum of individualized services, even including help with housing, income,
employment, medical care, and social and emotional support (Schorr & Schorr, 1988).
Not all of these measures are customarily considered to be mental health interventions,
but they may be necessary adjuncts to the more usual mental health services for families
with many needs.

In addition, the more effective interventions began as early as possible in the child’s
life, preferably in infancy or as early as their heightened risk status can be identified
(Ramey & Ramey, 1998). Further, the more effective interventions contacted the fami-
lies many times a week for extended periods of months or years and treated the child
directly, perhaps with specific skill training, and not just indirectly through training care-
takers. Finally, long-term benefits are sustained when the environment is managed so it
supports and maintains the children’s gains. For example, a child who had improved but
was subsequently given insufficient verbal stimulation from a psychologically disturbed
mother may lose newly acquired speech skills. Adverse environmental factors such as inad-
equate or dangerous parenting practices, deficient health care, poor schooling, and anti-
social peer groups must be vigorously counteracted if the child is to become and remain
psychologically and physically healthy. The family’s childrearing practices may slide into
inadequacy and the child’s newly acquired gains may be rapidly lost if parents resume
their previous problematic drug or alcohol consumption, if one or both parents are
arrested for criminal activities, or if a mother’s depression recurs. In a pathogenic envi-
ronment, developmental advances will diminish and new problems will arise. The chal-
lenge for mental health workers is not limited to producing temporary improvements in
children’s development, but must extend to sustaining those gains through the children’s
formative years.

Summary

With the recognition that infants possess many adult-like characteristics came the belief
that infants too can be mentally ill or healthy. Contemporary diagnostic classification
systems or taxonomies agree in recognizing certain infant mental disorders: (1) reactive
attachment disorder of infancy, (2) anxiety disorders (sometimes limited to separation
anxiety disorder), and (3) pervasive developmental disorders including childhood autis-
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tic disorder and atypical pervasive developmental disorder. Regulatory disorders of eating,
sleeping, and elimination also are diagnosed during infancy.

Little is known about the nature, prevalence, and etiology of the rarer infancy disor-
ders (e.g., Rett’s disorder, childhood disintegrative disorder, and Asperger’s disorder). In
contrast, the more prevalent autistic disorder has been extensively studied and can be
better diagnosed and treated.

Standardized infant assessment techniques are few and limited mainly to examiner-
administered scales of infant development and parents’ self-ratings and ratings of their
children’s problem behaviors. Trained observers can report on infants’ attachment secu-
rity and on the quality of the home environment, although these latter two types of ratings
are more likely to be used in research than in clinical services. Much remains to be done
to develop more accurate diagnostic procedures and more effective early intervention
tactics.

Research experience indicates that the task of assisting developmentally delayed and
disturbed infants and their families is far from accomplished. Babies are extremely sensi-
tive to their surroundings, so family poverty, poor education, hopelessness, ill health, or
abuse and neglect inevitably adversely affect the young. Such factors are most likely to
hurt infants who are vulnerable because of ill health or developmental delay. The most
effective interventions provide a wide variety of individualized services to troubled fam-
ilies. This comprehensive approach has proved effective for preschool children enrolled
in Head Start school-based programs and suggests that similar programs beginning earlier
in the child’s life could help millions.
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Chapter Twenty-two

Sensory Deficits

Gunilla Preisler

Introduction

Questions concerning the consequences of deafness and blindness and even deaf-
blindness on a person’s mind have fascinated philosophers and scientists for centuries.
Deafness has for a long time been associated or even equated with being dumb. In the
English language the term “deaf and dumb” was, and sometimes still is, used for people
who are deaf or profoundly hearing impaired. Blindness has often been thought of as
associated with wisdom. The prophet Tiresias was blind, as were many other sages in
ancient and medieval times. But what is it really like to grow up as deaf or blind? What
are the implications for development if the child lacks one of these important senses, or
even both of them? Can a deaf child develop language without access to hearing? Can 
a blind child participate in the world outside without being able to perceive it visually?
Can a deaf-blind child develop any competencies without access to either hearing or
vision? Can studies of these children give us any new insights into normal infant and
child development? These are questions that will be discussed in this chapter. First,
however, it is necessary to set this work in the context of current infant research.

The Competent Infant

It was not many decades ago that pediatricians maintained that newborns and young
infants experienced a totally confusing perceptual world in which they perceived nothing
or almost nothing at all. During the last 25–30 years experimental as well as observa-
tional studies of early mother–infant interaction, with improved methods of studying the
interplay between the two, have given us new insights not only on the perceptual capac-
ities of the infant, but also about their emotional, communicative, social, and cognitive
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abilities. This in turn has meant that we have a new view of the potentialities of the
growing child. We now talk about the competent child, and even the competent infant.
Development is regarded as a process involving caregiver and child, where both play an
active role in the interaction (Stern, 1995).

Important Milestones in Early Development

There are some important milestones in normal development in infancy that will be used
when describing the development of deaf, blind, and deaf-blind children. These occur
roughly at birth, 1.5, 3, 9, and 18 months of age (Trevarthen, 1988). From birth, infants
enter into an exchange of feelings and communicative acts with the mother or the father.
Eye contact is sought and movements of eyes and mouth, hand gestures, and vocaliza-
tions can be imitated by the infant (Meltzoff, 1986). These observations have resulted in
a new view of the infant as a competent partner in social interaction. When the infant is
between 1 and 2 months old, the infant and the caregiver start to communicate by means
of cooing, vocalizations, eye contact, smiles, and body movements in dialogue-like
exchanges. The caregiver starts to sing and even to engage the infant in different body
games. Two to three months later, this interest in social interaction gradually turns into
an interest in the environment. Infants now start to explore the characteristics of objects
and can also show intentions by pointing with eyes and hands. For a period of time
infants’ interest in social interaction seems to diminish, but returns later at the age of 8
to 9 months, when they show a desire to share their new-won experiences about the world
with another.

During the first months of life caregivers and infants mutually create sequences of re-
ciprocal behaviors, so-called social dialogues. In these dialogues parents are responding to
their infants in the same modality as the infant is using – a smile from the infant is met
by a smile from the parent. At approximately 9 months, according to Stern (1985), care-
givers start to add a new dimension to their imitation-like behaviors and expand their
way of communicating into a new category of behavior that Stern calls affect attunement:
the smile is not only met by a smile but also with an exaggerated facial expression, and
always with vocalizations. There are, according to Stern (1985), three general features of
behaviors that form the basis of attunement. These are intensity, timing, and shape: the
loudness of a caregiver’s vocalization can match the force of the infant’s arm movement;
the temporal beat of the movement of the caregiver can match the behavior of the infant;
and finally, the form of the infant’s movement can be abstracted and rendered in a dif-
ferent act by the caregiver. This way of sharing affect is one of the most important fea-
tures of intersubjective relatedness.

After this period of presymbolic communication, the infant, at the age of 18 months,
can enter into a world of symbols and starts using a language code in communication.
Intersubjectivity, a synchronized attention to and understanding of events and others’
emotions, is viewed as essential to other developing competencies such as language and
social cognition (Studdert-Kennedy, 1991). Intersubjective experiences begin in the first
year of life and continue to be refined as children and their relationships mature and
become more complex. In normally developing infants, intersubjective experience is
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viewed as a spontaneous development, evolving out of natural contexts of child–caregiver
interactions. It is both the infant’s perceptual, motor, socioemotional, and cognitive com-
petencies and the caregiver’s sensitivity and responsiveness that are the basic ingredients
to the experience of intersubjectivity. The sharing of meaning in joyful interactions and
early mutual play with turn-taking qualities are crucial prerequisites for language devel-
opment. The most significant things that the infant needs to learn about language are
written on the face, the body, the gestures, and the voice of those who talk (Locke, 1995).
Preverbal abilities in children, including the use of conventional gestures such as point-
ing and showing, symbolic play, imitation, and the use of tools, have proven to be impor-
tant predictors of later language development (Bates, Benigni, Bretherton, Camaioni, &
Volterra, 1979; Greenspan, 1997).

One important research finding with special relevance to the development of children
with sensory functional disabilities is the notion of amodal perception, through which
infants appear to experience a world of unity in which information received in one sensory
modality can be translated or encoded into another sensory modality (Meltzoff, 1986;
Stern, 1985). Due to this intersensory equivalence severe visual impairment is seldom
detected before the age of 2–3 months of age, deafness seldom before the age of 6–12
months, and usually at an even later age, because parent–infant interaction is so similar
to that of a normal parent–infant interaction. This early intersensory coordination
declines at the age of 4–5 months (Stern, 1985).

It is obvious that both vision and hearing are the primary senses for input of 
information about the surrounding world. However, studies of deaf infants as well as of
blind infants, and even of deaf-blind infants and children, now show that the plasticity
of the brain seems immense and that there are also potentialities in communication for
children lacking these senses. As the traditional way of conducting studies of children
with functional disabilities has been to compare them with children without disabilities,
they have always appeared less able and less competent than the latter group. Today many
researchers have changed focus from the study of what children cannot do to what they
can do, from a deficit model to a competence model, resulting in a quite different 
view of these children’s abilities. A competence model will be the emphasis adopted in
this chapter.

Being Born Deaf

As deafness has often been considered a severe obstacle in interpersonal communication
and language development, this section starts by describing the findings of studies of deaf
infants over the last decades with respect to the development of communication and 
language.

Being deaf means having severe difficulties or no abilities at all to perceive speech, even
using a hearing aid. In Western countries approximately one child out of every 1000 new-
borns has a severe sensorineural hearing loss. Two to three children per 1000 are born
with a congenital hearing impairment over 40dB, which for most individuals means
having difficulties in perceiving normal speech. Then there are children who have a pro-
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gressive or an acquired hearing impairment identified at a later age. Thus, the older the
population of children, the more incidents of hearing impairment will emerge. In most
cases, approximately one-third of the population of deaf infants, the etiology is
“unknown” but is probably due to genetic factors. About 25 percent of the cases have
hereditary causes. Other causal factors in hearing loss can be congenital defects or early
damage to the auditory system resulting from meningitis, prematurity, or viral infections.

Communication with a Deaf Child

As more than 90 percent of deaf children have hearing parents (Schein, 1996), a most
important issue for parents and educators concerns how to communicate with a child
who is unable or has severe difficulties in perceiving and producing spoken language. In
addition to the trauma of adjusting to the diagnosis and the challenges of planning for
both present and future, the parents must also make decisions about mode of commu-
nication (Meadow-Orlans & Sass-Lehrer, 1995). The situation is even harder for parents
because opinions differ on whether to use a manual–gestural–visual language code, i.e.,
a sign language, or to make the deaf child lipread and to learn a language based on
oral/aural skills. The argument behind using sign language is that this is the natural lan-
guage of deaf people. It is based on a code of communication which is appropriate for a
person who cannot perceive speech sounds. On the other hand, the majority of the deaf
children’s parents are hearing, and in most cases with no earlier experience of sign lan-
guage. Therefore they have to learn an entirely new language in order to be able to share
a common language code with their child. Another reason why there has been, and in
many parts of the world still is, a negative attitude to sign language is the belief that a
proper language can only be a spoken language and that language (i.e., speech) is a pre-
requisite for thinking. However, intensive linguistic studies of signed languages have
shown that sign language has all the characteristics of a proper language, although the
rules differ (Stokoe, 1972). On the other hand, sign language is used by a minority group
in almost all societies, and therefore in many countries parents are recommended to use
speech and hearing in communication with their deaf child.

The Development of Communication in Deaf Infants

Suspicion of deafness or a profound hearing impairment is seldom made before the age
of 6–12 months. When parents try to recall the time prior to suspicion and diagnosis
many of them report that they noticed that their child did not seem to react to noises 
or very loud sounds. But when they started to cuddle and play and talk to their infants,
they cooed and smiled and answered them, in much the same way a hearing infant 
would do.

During the first year of life, when vision plays a most important role in normal
mother–infant communication, studies of mother–deaf infant interaction have shown
that infants are able to share in the communication with their hearing others much to
the same extent as the hearing infant (Jamieson & Pedersen, 1993; Robinshaw & Evans,
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1995). They also take part in body games, give-and-take, and peek-a-boo games with
their parents. They explore toys, they imitate their mother’s actions, and they start to take
part in early pretend play. They show their intentions and wants and they take active part
in protoconversations (Preisler, 1995). The hearing impairment is seldom a serious obsta-
cle to communication until the age when hearing children normally begin to talk. If habil-
itation of the deaf child becomes focused on the use of communicative signals that are
suited to auditory perception and extremely difficult to interpret visually, mutual under-
standing is often impeded, and breakdowns in communication become the rule rather
than the exception. Studies of toddlers or preschoolers have shown that hearing parents
using an oral/aural approach in communication use more directives and different control
techniques in interaction with their deaf child (Meadow-Orlans, 1987; Schlesinger &
Meadow, 1972). Deaf children were more passive, less attentive than hearing children,
and they tended to withdraw from social interaction.

Communicative expressions used by parents and by deaf infants

There is a common belief that deaf infants are silent because they cannot hear their own
voice. But studies have shown that this is not the case. Maestas y Moores (1980) found
that deaf infants vocalized frequently at the age of 3 months. There was no difference in
number of vocalizations in a study of 9- to 18-month-old deaf and hearing infants
(Koester, 1995). Deaf infants have been observed to vocalize when they are solving prob-
lems, or when they are involved in joyful social interactions (Preisler, 1995). But in deaf
infant–deaf signing parent interaction infants have been observed to engage in manual
babbling (Pettito & Marentette, 1991).

Deaf infants seem to be aware very early that they must watch the faces and the expres-
sions of their caregivers. The most extensive studies of the early communication between
deaf infants and their parents have been conducted by researchers associated with Gal-
laudet College, Washington, DC. Among the topics studied has been the visual attention
of deaf infants (Erting, Prezioso, & O’Grady Hynes, 1990). Deaf infants appeared to
watch their mothers’ faces and hands more intensively compared to the hearing infants,
who in a similar setting attended more closely to the environment. By 3 months of age,
deaf infants seemed to have learned that they must engage the mother visually if the com-
munication in progress was to continue. Hearing infants with deaf mothers were also
more likely to focus primarily on their mothers’ faces during normal interaction at the
age of 6 months. At this age, they had probably learnt that in order to get their mothers’
attention they had to have other means than auditory communication.

One often raised question is whether it is possible to replace the emotional informa-
tion that is expressed in suprasegmental features of caregiver speech with visual, kines-
thetic, or tactile cues. Erting et al. (1990) showed that modifications in caregivers’ sign
language communication were very consistent with modifications made by caregivers who
used spoken language. The way hearing adults talk to their hearing infants, with special
temporal patterns, prolonged vocalizations, rhythmic repetitions and pitch contours, can
be expressed equally well with facial expressions, movements of eyebrows, gestures, signs,
and tactile means. This was also found in a longitudinal study of deaf infants with deaf
parents from the age of 6 months and onwards (Preisler, 1993, 1995).
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The sensitivity of caregivers

One important determinant of the later quality of the infant–caregiver relationship is how
sensitive the caregiver is to the infant’s communicative attempts (Ainsworth, Blehar,
Waters, & Wall, 1978). Research on mother–infant interaction has shown that there is
an association between infants’ social and cognitive competence and their mothers’ sen-
sitivity to their infants’ needs (Bornstein, 1989). In the first months of life infants have
expectations of particular patterns of behavior from their caregivers (Stern, 1985, 1995).
However, if the caregiver behaves in a way that is unusual to the infant, the infant reacts
very quickly. The first response is usually that infants try to modify their way of 
communicating, testing different means to attract caregivers’ attention and affection. If
infants do not succeed in attracting the attention and care of their caregivers, they may
become withdrawn. There is now a growing number of early neonatal screening 
programs which aim to identify, as early as two days after birth, whether the child has a
hearing loss or not. One important question to be discussed in this context is whether
an early diagnosis will affect caregivers’ sensitivity to their infants’ way of communicat-
ing during a period of natural bonding, when even mothers of normally developing babies
are at risk for depression. Caregivers of newly identified disabled infants are also at risk
for depression when two life events occur closely in time; a new baby in the family as
well as the identification that the very same baby has a disability. Both events, indepen-
dently of each other, are significantly associated with psychiatric disorder in the post-
partum year (Copper & Stein, 1989). Studies of infant disability and of maternal
depression have identified both these factors as powerful indications of depression in the
year following childbirth (Murray, Kempton, Woolgar, & Hooper, 1993). There is a risk
that if the infant has a functional disability, like a hearing impairment, the parents’ in-
tuitive parenting skills might be less appropriate. In combination with the infant’s special
needs, the parents may feel inadequate as caregivers. This in turn might result in a self-
fulfilling prophesy of unsatisfactory interaction (Meadow-Orlans & Spencer, 1996). In
addition to stress created by the very diagnosis of deafness, stress for hearing parents 
may emanate from a sense that their usual (vocal/spoken) way of communicating is 
inadequate for the needs of a child who is deaf. It has been proposed that stress related
to the diagnosis of deafness is one reason for repeated research findings showing that
hearing mothers with deaf infants are less sensitive than mothers with hearing children
(Greenberg, 1980; Schlesinger & Meadow, 1972). But recent studies have shown that
hearing parents of deaf infants are able to communicate with their baby in a way that is
highly appropriate for the infant’s needs in early dyadic communication. The problem
may arise later, in the preschool years, when language is more vital in communication
(Spencer & Lederberg, 1997). Hearing parents have been found to provide more 
visual experience to deaf than to hearing infants during early face-to-face interactions,
but also during play with toys or objects (Koester, 1994). But as infants grow older visual
gaze also involves joint attention to objects. Hearing parents have then been found 
to have some difficulties in coordinating their visual responses with their deaf child. 
In a study by MacTurk, Meadow-Orlans, Koester, and Spencer (1993) it was found that
when hearing mothers incorporated visual or tactile stimulation with their 9-month-old
infants the interaction at 18 months was more positive compared to interactions where
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these means of communication were not used. This finding confirms the importance of
using response modalities which are matched with the sensory capabilities of the infant
(Koester, 1994).

Meadow-Orlans and Spencer (1996) hypothesized that both deaf and hearing mothers
might have difficulties in responding to infants whose hearing status is different 
from their own. Therefore they compared data on 80 mothers’ sensitivity and their 
infants’ attention defined as their ability to coordinate attention to mothers and objects.
The mothers were hearing with hearing infants, hearing with deaf infants, deaf 
with hearing infants, and deaf with deaf infants. The dyads were observed at 9, 12, 
and 18 months of age. The results showed that mothers whose infants’ hearing 
status matched their own were rated equally sensitive to their infants. Hearing mothers
of deaf infants were rated less sensitive, and even less sensitive were deaf mothers of
hearing infants. The authors discussed these results in terms of intuitive parenting. Parents
with infants who are not at risk or who have no specially identified needs interact in a
way that most parents do. This means that they use their intuitive parenting skills and
that is “good enough” for the needs of their baby. But a hearing mother with a newly
diagnosed deaf baby has no intuitive or experiential basis for interacting with a deaf 
child. It does not yet seem to come naturally for them to provide their infants with
optimal visual input.

Interactional styles of parents of five deaf and five hearing infants were studied by
Robinshaw and Evans (1995) by means of video and audio recordings. A measure was
used that was elaborated by Kaye and his colleagues (1981) called “turnabout,” defined
as a gestural and/or vocal contribution which both responds to the previous turn by the
partner and attempts to elicit a response from the partner. It is thus an extension of a
“turn,” which refers to only one of these aspects. The analyses showed that there was a
clear pattern of behavior for each of the caregivers interacting with their normally hearing
infants. When the recordings started, the children were 9 months old. At this age the
parents acknowledged and responded to approximately half of the infants’ contributions
as if they were communicative. Then there was a sudden growth of intentional com-
munication and symbolic vocalizations up to the age of 15 months. The caregivers’ sen-
sitivity also increased. The sensitivity of caregivers of deaf infants did not follow the 
same pattern as for hearing children. In the hearing mother–deaf infant dyads, the 
pattern of interaction was more complex. Some parents were sensitive to their infants,
while others were not. The authors discussed the result in light of family factors, 
habilitation, service given, and so on. In the first months following identification, 
each of the families with a deaf infant described their mode of communication as 
predominantly oral/aural. None of the parents had at this stage started to use British 
Sign Language (BSL). This decision reflects to some extent the language used in the
family, which was English, but also other factors such as expectation that early 
amplification and habilitation would benefit the infant’s linguistic development, and 
the parents’ readiness to accept or to challenge the advice given by professionals. Fur-
thermore, there was a dramatic change in the caregivers’ use of turnabouts, i.e., in the
sensitivity to the child’s way of communicating, when they started using signs as a regular
way of communicating instead of symbolic gestures or signs as occasional support to
spoken words.
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Early Language Development in Deaf Children

In deaf children exposed to sign language, the first stages of conventional and referential
communication are more easily established than in deaf children exposed to oral/aural
communication. Objects are directly in view and each partner can signal his or her inten-
tions visually to the other. But deaf children learning sign language must divide their
attention between the mother’s signs and the objects or activities to which these relate if
they are to note the analogous correspondences between signs and familiar routines.
Several studies of early interaction between deaf parents and their deaf infants have shown
how deaf parents use touch in various ways to reinforce interaction and to help the infants
to attend visually (Erting et al., 1990; Maestas y Moores, 1980; Preisler, 1993, 1995).
Mothers have been observed to sign on the infant’s body or to form the infant’s hand
into the shape of signs. The mothers’ signing seems more simplified and they emphasize
the key signs in utterances (Harris, Clibbens, Tibbitts, & Chasin, 1987). Mothers have
been observed to pay careful attention to their infants’ faces and eye direction, ensuring
that their children could see most of their signed utterances. They also signed in such a
way that the child could observe the sign while still attending to the context to which
the sign related. The mothers most frequently signed within the child’s preexisting focus
of attention (Harris et al., 1987). This was also shown in a longitudinal study by Preisler
(1993), from which the following example is taken of a deaf infant called Anton, at 9
months of age, and his deaf mother:

The mother holds a doll in front of Anton.
Anton crawls towards the doll, takes it and starts to explore it, with hands and eyes.
Anton looks at his mother.
The mother looks at Anton; signs “DOLL” and points at the doll.
Anton looks at the doll.
The mother fetches a small toy animal, that moves backwards and forwards when touched.
Anton looks at it. He seems interested in the toy.
The mother touches his cheek gently.
She gets Anton’s visual attention and signs: “EYE” (the sign is expressed by pointing at one’s 

own eye), then points at the animal’s eye.
Anton follows her pointing with his eyes.
The mother points at Anton’s eyes.

Deaf parents who are native signers of American Sign Language (ASL) or Swedish Sign
Language (SSL) report that their children start to produce signs as early as 6 months of
age (Folven & Bonvillian, 1991; Preisler, 1995). One suggestion is that the 6-month-old’s
signs are comparable with manual babbling. These manual forms can be conventional if
the parents respond to them in a systematic way. One common measure of language devel-
opment is to note when children produce up to ten words. The signing children in Folven
and Bonvillian’s study attained a vocabulary of ten different signs at an average age of
13.5 months (range = 11.0–16.5 months), a mean age significantly earlier than the 15.1
months reported by Nelson for hearing children (1973). The content of the initial ten-
item vocabularies was highly similar; each child’s first sign production occurred within a
nonreferential context as an imitation or as a request for action. The children did not use
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signs referentially on average until they were 12.6 months of age. This age of onset there-
fore does not appear to differ from the typical age of 13 months reported for first refer-
ential spoken word usage (Bates, O’Connel, & Shore, 1987). Early nonreferential signing
typically antedates initial speech by several months, providing support for the view that
motoric constraints largely determine the onset of speech.

Cochlear Implants in Deaf Children

The most common question that parents of deaf infants ask their doctors at the time of
diagnosis is whether their infant’s hearing loss can be medically or surgically treated. Until
recently, the answer was no. There was no method to “cure” deafness. In the 1970s,
however, a new technique was developed, first on adults and later tested on young chil-
dren, called cochlear implant. It can briefly be described as a hearing aid surgically placed
in the cochlea. In most countries the lower age limit for receiving an implant has been 2
years of age, but even younger children have received implants. The rationale for an early
implant is to give the child auditory experiences as early as possible in order to stimulate
his or her speech perception and later speech production. Comparative studies have been
made between children using an implant and children using different conventional
hearing aids. The criteria for being a potential recipient are in most countries that the
child must be cognitively and emotionally stable and able to endure intensive hearing
training after implantation. Mental retardation or other cognitive or psychiatric disorders
are seen as contraindicative for an implant. The motivation of both parents and children
is seen as important in post-implant habilitation. It is therefore a selected sample of deaf
children who have received an implant. Research results have shown that a cochlear
implant can be more effective than ordinary hearing aids for the development of chil-
dren’s perception and production of speech. The children studied have mainly been
engaged in different oral programs and the aim is to be able to integrate them into
preschools and schools for the hearing. Most of the studies comprise children older than
2 or 3 years of age. The results show that the children can perceive sounds in their sur-
rounding, that they can perceive single spoken words and even sentences, and also
produce a limited set of words and sentences in laboratory conditions or in well-known
contexts with one partner (see, e.g., Osberger, Maso, & Sam, 1993; Walzman et al., 1994).
In a longitudinal study of 22 deaf children, it was found that after three years’ experience
of wearing a cochlear implant, most of the children could produce three- to five-word
sentences and could take part in oral dialogues if the content was about the here-and-
now and if the context was well defined, but they had severe difficulties in taking part in
spoken conversations in natural interactional settings with parents, siblings, peers, and
teachers (Preisler, Tvingstedt, & Ahlström, 1997, 1999). Thus they were still considered
to be socially deaf.

Summary

Studies of early patterns of communication in deaf children have shown that these chil-
dren can communicate and interact with their parents in much the same way as hearing
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children if they are given opportunities to use their intact senses for communication and
learning. The development of communication and language shows a very similar pattern
compared to that for hearing children. Vision can obviously compensate for the hearing
loss in early dialogue-like exchanges and in various forms of social play. A logical ques-
tion is, therefore, how do blind children, who have to rely mainly on the auditory sense,
communicate with their parents and how do parents manage to stimulate their blind
infant?

Being Born Blind

Blindness – defined as the total absence of sight – is fairly infrequent in Western coun-
tries, whereas it is still more common in countries in the Third World due to malnutri-
tion or lack of medical facilities. The incidence among Western countries can be estimated
as fewer than 15 per 100,000 children born. There are many different causes of visual
defects. In most cases of severe visual impairment something is wrong with the eyes. In
the most severe case, anophthalmia, the eyes are actually missing. In retinoblastoma, a
malignant tumor develops early in the retina. If treatment, which involves removal of one
eye (or, in very rare cases, both eyes) and/or radiation therapy of the tumor, are not begun
immediately, the tumor can spread along the optic nerve to the brain and cause visual
impairment. Brain damage can cause blindness, although in such cases the eyes are usually
normally developed. Prematurely born babies have been and still are at risk of being blind.
Children with blindness due to retinopathy of prematurity (ROP) are also at risk of having
cerebral damage. A strong association between ROP and autistic disorder has been found.
This association is most probably mediated by brain damage and is largely independent
of the blindness per se (Ek, Fernell, Jacobson, & Gillberg, 1998). A common cause of
blindness is congenital cataract, in which the lens of the eye is cloudy. Congenital glau-
coma is a further condition that is usually inherited.

Development of Communication in Blind Infants

Diagnosis of blindness is seldom made before the age of 4–5 months, and therefore studies
of early patterns of interaction between parents and blind infants are rare. Exceptions are
if the child has a defect, such as being born without eyes (anophthalmia) or if there is a
congenitally hereditary illness in the family. But there are some studies which can give 
an idea of this early mother–infant communication. Als, Tronick, and Brazelton (1980)
regularly observed a child, born without eyes, from soon after birth up to the age of 15.5
months in interaction with her mother and father in the home setting. They carefully
describe how the mother interacted with her baby and how she addressed her in an inti-
mate manner, in a way that also occurs in the interaction of sighted infants and their
parents. Through continuous tactile and vocal input, the mother stimulated the infant
to take part in communication. At 3 weeks of age the infant was able to modulate her
state when in face-to-face situations with her parents. She could become very attentive:
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“her face softening and brightening with raised cheeks and open mouth, her arms relax-
ing, either opening to the side of her body or resting on her chest” (p. 27). This infant’s
development in general was characterized by step-like spurts of new organization and
periods of consolidation. There were also at times periods of disorganization and seeming
regression before the next level of organization was reached. Als et al. (1980) commented
on how specific adults’ expectations are about the signals and displays coming from an
infant, even if the infant is blind, but also that it takes a great deal of skill and patience
on the part of the parent to read and understand the infant’s expressions.

In one of the most extensive longitudinal studies of blind children’s development,
Selma Fraiberg (1977) particularly focused on the infants’ different communicative
expressions. She studied the development of ten congenitally blind children for a period
of three years, starting from the age of 1 month. She observed the children in interaction
with their mothers by means of filming as well as by direct observation. Analyses of these
filmed interactions showed that blind infants exhibited a restricted repertoire of facial
expressions. Only two different types could be registered – a happy and an unhappy face.
The social smile was found to occur irregularly in the blind infants as a reaction to their
mother’s voice. Fraiberg found that the mothers of the blind infants had difficulties in
reading their infant’s nonvisual expressions. Only two out of ten mothers could interpret
their infant’s actions and reactions without special support. These mothers were consid-
ered “extraordinary” mothers, with great experience of children. The remaining eight
mothers had severe difficulties in reading and interpreting their infant’s intentions and
wants. Other researchers have also found that blind infants exhibit a more limited reper-
toire of facial expressions, show less responsiveness, and initiate contact with their mothers
less frequently compared to sighted infants (Tröster & Brambring, 1992). But lack of
behaviors that require visual information processing cannot be interpreted as an in-
dicator of a delay in social-emotional development. The blind infant’s level of social-
emotional development is in many cases expressed in reactions that differ from those in,
for example, sighted infants (Tröster & Brambring, 1992). But blindness can also cause
difficulties for infants in reading and understanding their caregivers’ emotional expres-
sions as well as knowing whether their actions and reactions have an effect on others
(Bigelow, 1995). Again, the skill of the caregiver is of utmost importance for the forma-
tion of a relationship between caregiver and child.

Communicative Expressions Used by Parents and by Blind Infants

In order to study which communicative behaviors blind children use in interaction with
their parents as well as which means of communication parents use, seven blind infants
were observed from 5 months of age up to early school age (Preisler, 1995, 1997). Analy-
ses of the interactions showed that, when first observed between the age of 5–6 months,
the blind children reacted to and elicited contact initiatives from their parents. They took
active part in protoconversations by means of smiles and cooing, with articulation-like
lip movements as though they were imitating their mothers’ speech sounds. They 
used body movements and even eyebrows to signal turns in conversations. Expectancy
awareness in rhythmic body-touching songs was also observed in these infants. When 
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the mothers initiated contact with their babies, they primarily used their voices but also
tactile communicative means. Observations showed that at this age children preferred
being with another person rather than manipulating objects or toys. With few exceptions,
mothers were responsive to their infants’ facial expressions, body movements, and vocal-
izations, interpreting them as meaningful parts or as turns in dialogue-like exchanges.
They made comments on the infants’ emotional states or they referred to their relation-
ship. The way these mothers behaved when the children were 5–6 months old did not
differ in any significant way from the way mothers of sighted babies communicate with
their children.

From approximately 6–7 months of age, blind children’s interest in exploring the envi-
ronment increased. They manipulated toys with fingers and mouth and they started to
explore the characteristics of objects. At this age, mothers and their infants started to share
affects, and the mothers, just like mothers of sighted infants, gradually started to use
affect-attunement behaviors. This has also been described in a study of two blind infants
observed from the age of 7 months of age (Urwin, 1983). Urwin observed how the
mothers mock-imitated their babies’ fusses, coughs, splutters, and sneezes and in this way
“dramatized” their babies’ actions.

Blind children do not use gestures like pointing, either with their eyes or their hands,
and they do not use hand gestures like showing or giving. In some instances, pointing
with the head or upper part of the body can be observed when the infant becomes atten-
tive to sounds. But these means of communication are not always registered or even
understood by their parents and are therefore not very effective means of communica-
tion, as can be illustrated in the following example of a 12-month-old blind boy, Fred,
and his mother. The example is taken from Preisler (1993). In this interaction Fred’s
mother is trying to engage Fred in a give-and-take-game with a ball. There is a bell inside
the ball in order to facilitate the blind baby’s ability to pay attention to the toy.

The mother and Fred are sitting opposite one another and they are rolling the ball between
one another a couple of times. Fred is grasping the ball when it comes near him, and
upon request, he lets it fall down on the floor, and the mother catches it.

The mother makes verbal comments on what they are doing.
After a short while, Fred becomes very still and he looks puzzled.
He turns his head to the side and vocalizes: “Ehh?”
“Ah, ah” the mother replies. “Don’t you want to play with mummy any more?”
Fred turns his head towards her and utters very softly: “Mmmm.”
He stretches out his hands for the ball.
He sits very still. He turns his head to the side.
“Can mummy have the ball?” the mother asks.

They proceed playing with the ball for a short while. The mother tries to verbally encour-
age Fred to take part in the give-and-take game, but Fred looks puzzled. Finally – and
luckily for the interaction – the sound of a truck in the street outside can be heard. The
mother confirms Fred’s experience by uttering:

“It is the truck, the truck with the snow-plough.”

628 Gunilla Preisler



Initially the mother misinterpreted Fred’s expressions. She thought that he was uninter-
ested in the play, while in fact he was concentrated and listening to an unfamiliar sound
in the environment, and even asking what it was by turning his head to the side and
vocalizing with a question-like tone of voice: “Ehh?”

The absence of coordination of eye pointing with finger and hand pointing reduces
the natural opportunities to refer to external events. It also makes it more difficult for
caregivers to read the preference and interest of the child (Landau & Gleitman, 1985;
Preisler, 1993, 1995; Rowland, 1983; Urwin, 1983). The blind child cannot see the care-
giver’s world of referents and cannot easily determine when the caregiver is trying to estab-
lish joint reference. This apparent lack of attention toward the outside world by the blind
child might in turn discourage caregivers from initiating activities involving external 
referents. Perhaps for this reason early communication between blind children and their
parents seems to consist primarily of physical games and routines in which the referent
is the interaction itself (e.g., repetitious games of bouncy-bouncy in which the child learns
to anticipate the parent’s physical position at different points in time). The merger
between conventionality and external reference can be delayed (Bates et al., 1979). In her
study of two blind infants, Urwin (1983) found that prior to the emergence of speech
both babies’ blindness posed constraints on establishing communication about 
objects and events located outside their own immediate sphere of action. Urwin found
that the two mothers’ way of communicating with their child differed somewhat, par-
ticularly their use of techniques in order to establish a smooth interaction. The mothers
responded to their infants’ facial expressions and body movements and made comments
on their babies’ actions, intentions, and experiences. The mothers acted in different ways,
but the rules of interpersonal communication between mother and infant were similar
up to the age of 1 year. After this age, there was a change. In one case the mother was
very eager to use toys in interaction. This child had some residual vision in one eye, which
could explain a greater interest in the surrounding world than if the child had been totally
blind. The toys were used in give-and-take games as well as in pretend play. The mother
made the toys the content of the interaction and in this way mother and child could
establish joint attention and joint reference. In the other case, the interaction was mainly
without toys, as the mother did not find that the child showed any interest in them. This
child’s world of experience was very restricted. When he started to talk, his speech was
repetitive and imitative. It referred mostly to his own body and to phrases. Many inves-
tigators have identified this as characteristic of blind children’s speech. Urwin’s interpre-
tation was that the form of social interaction will have consequences on the child’s
language acquisition.

Early Language Development in Blind Children

Observations of blind infants’ play show that they seldom engage in pretend play until
toward the second half of the second year (Fraiberg, 1977; Preisler, 1995; Urwin, 1983).
This is also the time when blind children start to use language in communication.

Some studies of blind children’s early language development suggest that the onset 
of speech is relatively late (Warren, 1984). In an extensive study of 86 neurologically
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intact blind children’s early language development, Norris, Spaulding, and Brodei 
(1957) showed that more than 25 percent of these children produced two words when
they were 15 months old, more than 50 percent achieved this vocabulary in the 
period from 18 to 21 months, and more than 75 percent by 24 months. This is roughly
eight months later than sighted full-term normal infants usually reach the same language
level (Lenneberg, 1967). But 85 percent of the subjects in Norris et al.’s (1957) study
were premature births (with ROP), which might explain some of the delay. However, in
other studies the same difference between blind and sighted children’s early speech devel-
opment has not been found. Bigelow (1990) asked mothers to record their blind 
children’s words from before they had recognizable words to the acquisition of a 50-
word vocabulary, which is approximately the time children start combining words into
two-word sentences. Bigelow found no differences between blind and sighted children’
early language development. The blind children acquired their 50-word vocabularies
between the age of 16 to 21 months. Sighted children generally acquire their 50-word
vocabularies between the age of 15 to 20 months, which suggests a delay of 1 month
(Nelson, 1973).

McConnachie and Moore (1994) found a delay of several months in the acquisition
of the first ten words used by a sample of 16 severely visually impaired children. Mulford
(1988) collected data from 16 individual case studies and found no major delay in these
children’s language development. However, Moore and McConnachie (1994) suggest that
the children in the case studies were an unusually successful group, which could explain
this difference. Even if there is no consensus about whether there is a delay in blind chil-
dren’s early language development, there is a common view among researchers that there
is a relationship between mothers’ speech to their infants and the nonverbal context in
which it occurs. This relationship is difficult to establish if the child is blind, as the rela-
tionship is most naturally established by mothers making comments on activities and
objects on which their children are focusing their visual attention. It has been suggested
that the rate of children’s early language development can be influenced by the extent to
which adult speech provides opportunities to relate linguistic input to a familiar nonver-
bal context. This provides the infant with an opportunity to note correspondences
between familiar routines and accompanying linguistic descriptions. For sighted mothers
of blind children, it is a difficult task to attain this correspondence between linguistic
input and nonverbal context as they can have difficulties in reading what their children
are paying attention to.

Caregivers’ Communicative Style

There are some studies focusing on the communicative styles or language input of blind
children’s parents in relation to their language development. Blind children have to rely
even more on the linguistic input of their parents than sighted children to get informa-
tion and to gain understanding of the surrounding world. Kekelis and Andersen (1984)
compared the language directed to visually impaired children as well as to sighted chil-
dren. Their results indicated that the parents of visually impaired children used more
imperatives and fewer declaratives than the parents of sighted children. They thereby pro-
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vided their children with less information about the functions and the attributes of
objects. There was also a tendency for these parents to ask their blind child to repeat
labels or to request labeling of objects from the child.

Thorén (1994) analyzed the verbal input of the parents of seven blind children par-
ticipating in the longitudinal study mentioned earlier (Preisler, 1993, 1995), categoriz-
ing a vast number of mothers’ verbal utterances when their children were between 18 and
36 months old. One finding was that the parents of those children who later were found
to have developed normally in a socioemotional-communicative sense used more confir-
mations than directives in their verbal communication to the child during the observa-
tion period. These parents’ communicative patterns also showed a high degree of
regularity and stability, independent of time or situation. In those cases where the child’s
socioemotional and communicative development later was found to be less optimal, the
parent’s early communication showed an opposite pattern. Their utterances consisted of
more directives than affirmatives, or were in some cases equally distributed between the
two. These parents’ communication also showed a more varied and unstable pattern, with
frequent changes depending on the context. Thus, it was probably more difficult for these
children to anticipate their parents’ reactions and responses, resulting in confusion and
uncertainty in the children.

The First Words

Blind children’s first words usually refer to food and to items they act upon, such as puppy,
doll, key, and so on. This is also what many sighted children refer to in their first words.
But blind children often choose to label objects that can be characterized as having the
properties of perceptual change. They name items that produce auditory change or give
tactual sensation. Compared to sighted children, blind children have more labels that
refer to specific referents rather than classes of objects. Because of their more restricted
sensory experience compared to sighted children, their word usage is more tied to the
original referents of their words (Bigelow, 1990). Self-action and perceptual change are
salient variables for young blind children, as they are for young sighted children. The
major difference is that perceptual change for blind children comes from other modal-
ities than vision (see also Dunlea, 1989; Mulford, 1988).

Summary

Studies of early patterns of communication between blind infants and their parents show
that the absence of visual information about the world, and therefore the dependency on
auditory and haptic stimulation, diminishes the blind infant’s opportunities to learn and
to understand interpersonal rules in communication, the relation between objects and
symbols, as well as knowledge about the environment. The auditory sense does not seem
to compensate for the lack of vision in the same way as vision can compensate for the
lack of auditory input in early child development.
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Being Born Deaf-Blind

How can children who lack both vision and hearing communicate with their parents
about their feelings and experiences as well as about the physical world around them?
Deafness per se does not have to be a serious obstacle to early caregiver–infant commu-
nication if children are allowed to use their intact senses, while blindness poses more con-
straints on the interaction. Helen Keller, who was both deaf and blind, describes in her
book, The Story of My Life, her awakening awareness of the world when her young teacher
started to spell words in her hand. Gradually she understood that everything had a 
name. This happened over a century ago. How is the situation for deaf-blind children
different today?

There are few cases reported where the child is both totally blind and deaf (Andrew,
1989), the group as a whole being most heterogeneous. Within the population of young
children diagnosed as deaf-blind, there are children with a varying degree of hearing and
visual impairment, with or without additional disabilities, but also children with cortical
visual and or central auditory disabilities (Michael & Paul, 1991). Approximately 94
percent of these children have some residual vision and hearing (Fredericks & Baldwin,
1987).

Infants who are deaf-blind are generally reported to be less responsive and less active
than non-disabled infants of comparable age. The parents must work to elicit responses
from them, even though studies have shown that a caregiver can develop social interac-
tion through movements and by haptic means. But as the infant cannot hear the voice
of the mother or see her face, not only the physical but also the social world is severely
restricted for the child. Further complications for parents are the difficulty of reading 
and interpreting the infant’s signals. This in turn can result in a feeling of failure or 
helplessness. In addition, these children often have severe medical problems, which makes
the situation even more difficult to cope with for their parents. One of the main prob-
lems for parents in the early interaction is responding to the infant’s actions and reac-
tions. This is a serious matter, because it is through the responsiveness of the caregiver
that the infant can gradually begin to anticipate that his or her actions will cause a change.
Experiences of contingency in social interaction are difficult to achieve in interplay 
with deaf-blind children as they cannot hear the voice or see the facial expressions of 
their parents.

Development of Communication in Deaf-Blind Children

Six children and their parents participated in a longitudinal study of the development of
communication between deaf-blind children and their parents (Preisler, 1996). The chil-
dren were between 6 months and 3.9 years old when first video-observed in natural inter-
actional settings with their parents. Common to the children was the fact that they were
blind or severely visually impaired as well as severely hearing impaired. Four had addi-
tional functional disabilities, such as mental retardation and/or cerebral palsy. Detailed
transcriptions of the video-recorded interactions showed that the children could com-
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municate with their parents and the parents with their child. Even if the expressions varied
and sometimes were difficult to interpret, the analyses showed that the development of
communication followed the same path as that for “normal” children; from interest in
social interaction and social plays with the caregiver, to interest in the physical environ-
ment and an intent to share their experiences with somebody else. Some of the children
already used symbols in communication at the commencement of the study, while others
did so toward the end of the observed period. The social plays most frequently observed
were different turn-taking and body-movement games. Movements, sounds, and touch
were important communicative expressions in these playful activities. Thereafter the chil-
dren started to show an interest in and attention to the environment. They started to
touch, taste, smell, or in other ways investigate and test characteristics and functions of
objects and toys. After an intensive period of exploration, their interest in social interac-
tion returned, but now on a somewhat more advanced level as they wanted to share their
interest in something with somebody else. The children’s expressions varied as well as the
content of the communication, but the aim was the same: to establish and maintain a
meaningful and joyful interaction. But every single achievement took a long time to
acquire for these children. It was also difficult for the parents to observe and discover that
their child had made progress, and also to understand how these achievements could fit
into a normal chain of child development. The parents of the deaf-blind children faced
further difficulties in translating a spoken language into a tactile sign language. But even
if the number of signs or the variation of the signs used were limited, it could be regis-
tered how important the hands were as a channel of communication – the children’s own
hands, as well as the caregivers’. Initially parents grasped the children’s hands and formed
them into a sign. But in these instances there was a risk of hindering children’s free use
of their hands. When the parents instead started to offer their own hands to their chil-
dren, the dialogue became more extended. When their communicative style became more
child-centered and affirmative and less directive, communication became more functional
and smooth.

A Model for Support of Infant–Caregiver Interaction

Chen and Haney (1995) have developed a model for promoting learning through active
interaction (PLAI) in order to support deaf-blind infant–caregiver interaction. They
maintain that much of the stimulation given to deaf-blind children is of a far too passive
character, with the focus often on stimulating the infant’s residual vision and/or hearing.
Chen and Haney question the meaningfulness of this approach from the infant’s per-
spective. Their model instead is aimed at creating an environment for learning and for
mutually satisfying exchanges through intervention strategies focusing on developing con-
tingent responsiveness in caregivers. By first observing parent–infant interaction by means
of video-recording and then identifying what is typical for each pair, parents are given
feedback on their own as well as on their babies’ communicative behaviors. The most
important part of the model is to concentrate on the caregivers’ ability to give immedi-
ate responses to their infants’ expressions. In the feedback sessions with parents, those
instances where there is a reciprocal and joyful interaction between infant and caregiver
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are focused on in order to promote and strengthen parents’ capacity for responding and
interpreting their child’s expressions.

Conclusion

Communication between blind, deaf, and deaf-blind children and their parents shows a
similar pattern of early interaction as that of non-disabled children. Even if development
proceeds very slowly for children with severe and multiple sensory disabilities, it 
follows the same path as those for a normal child: from person–person communica-
tion to person–object to person–person–object communication. The results of detailed
analyses further show that the potential for a child with sensory disabilities to engage in
meaningful interaction is to a great extent dependent on the ability of the caregiver to
adapt to the infant’s capabilities and to give space for the child to take an active part in
the interaction – to follow rather than direct the child. Joyful interaction seems to be of
special importance for the child’s psychological well-being, not to mention that of the
parents.

Research on normal mother–infant interaction has led to a gradual change in our per-
spective on the child’s development. A sensitive caregiver who responds to the infant’s
initiatives and who develops them further can have a positive effect on development. In
those families where a baby is born with sensory functional disabilities, the situation is
somewhat or even radically different. Most of these parents have never met an adult who
is deaf or blind, let alone a child, and almost certainly not one who is both deaf and
blind. Traditionally, support services for families with children with sensory disabilities
have focused on the children’s performance and skills, or rather, their lack of performance
and skills. This is also the type of support that is requested by many parents, as they
notice that their child’s development is delayed compared to non-disabled children of
comparable age. The problem with such an approach is that there is a risk that the focus
will be on the disability, not on the child. Another approach is to strengthen the rela-
tionship between parents and child. Video-recordings of the caregiver and the infant inter-
acting have become a frequently used means for giving feedback to parents as well as
making them – and often also researchers – aware of what the child in fact can do, achieve,
and communicate. Such data indicate also that most parents are sensitive and responsive
to their deaf, blind, or deaf-blind child’s communicative expressions. This in turn can
have positive effects on the parent’s feeling of being a good-enough parent. And this is
perhaps the best starting point for positive development in the child.

Research on different aspects of psychosocial development in children with sensory
disabilities has primarily focused on the first two to three years of life. This is probably
due to the fact that these years are considered the most important for later development.
But as children grow up, other children become important actors in the psychosocial
arena. In order to learn social rules and practices children need to interact with peers. But
many children with sensory impairments like deafness and blindness have difficulty
finding peers to interact with. Deaf children exposed to sign language attending a sign
language school program have no problems communicating with other deaf signing 
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children. But many deaf children are mainstreamed in the ordinary school system with
hearing children. What are the consequences on their socioemotional development if they
cannot communicate in a smooth and fluent way with peers? Growing up as a blind child
means having very different experiences of the world compared to a sighted child. Blind
children experience the physical and social world primarily by auditory and haptic means,
which is reflected in their play and verbalizations. How is it possible to share in a mean-
ingful way this auditory and haptic world with a sighted child? These are some of the
issues that need to be explored further in order to promote positive socioemotional devel-
opment in such children.
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Part IV

Contexts and Policy Issues

Introduction

Part IV reviews risk factors not discussed in the previous section – such as prematurity,
safety, and nutrition – and, in addition, sets these and other concerns into a wider context
of public policy. The chapter by Barratt covers a wide range of risk and policy issues.
These include poverty, day care, infant mortality, abuse, and neglect. A variety of inter-
vention programs – such as Head Start, welfare, health care, and nutritional supplemen-
tation – are reviewed to assist families in finding medical care, nutritional support, income
support, developmental assessment, child care, and family resources such as parental leave
and home-visiting programs. Barratt argues that to address the major problems of infants
at risk, a response from society as a whole is needed. In particular, Barratt argues that
universities need to be more directly engaged in both research and public policy to help
infants at risk.

Friedman, Randolph, and Kochanoff review the history of research on the effects 
of nonparental child care on infant development. Much of this research suffers from a
variety of theoretical and methodological problems that make the findings inconclusive.
A major portion of this chapter is devoted to reviewing the findings of a study of 
the effects of day care that used a broad-based national sample across a variety of 
childcare contexts, such as family day care and center day care. The results strongly 
suggest that when the quality of care is good and there is a supportive family environ-
ment, day care has no harmful effects and may even contribute to social and cognitive
development of infants.

Karns presents an extensive review of the health, nutrition, and safety factors affect-
ing infants. Each of these areas has direct implications for parents and for public policy.
She addresses issues related to diseases in infancy, environmental risks to infant health,
hospitalization of infants, and immunization policies. The section on nutrition has a
detailed discussion on the differences between breast- and bottle feeding and the advan-
tages of human milk to infant growth. Minimum daily nutritional requirements are given
and there is a section on consumer protection and car safety. Much progress has been
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made in providing for the health and safety of infants, but more needs to be done, 
especially for low-income families.

The final chapter by Fogel takes a historical perspective on beliefs and policies about
infants and their care. The chapter traces the roots of infant care in prehistoric
hunter–gatherer societies, where close physical contact between mothers and infants
developed in concert with nearly continuous breastfeeding of infants. In these societies,
as judged by studies of modern-day hunter–gatherers, infants are loved and indulged.
Beginning with the recorded history in Western cultures (Greece, Rome, and Judeo-
Christian cultures), there is increased documentation of the use of a balance of love and
control, indulgence and training for infants. In some societies and at some historical
periods, more of an emphasis is placed on training and control, while in other cases more
is placed on indulgence. This dialectical process has continued up through the twentieth
and twenty-first centuries, which have brought an unprecedented interest in and docu-
mentation of infant development. The chapter concludes with some speculations about
the future of infancy and infant care, a period in which we may see the complete elimi-
nation of birth defects and risk factors and the knowledge that may make it possible to
optimize development for every infant.
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Chapter Twenty-three

Infancy Research, Policy, and Practice

Marguerite Barratt

Introduction

If we are to create an “engaged university” (Kellogg Commission on the Future of State
and Land-Grant Universities, 1999), it is imperative that we take the vast knowledge
about infants that resides on campuses, and is summarized so well in this volume, and
see its application to the everyday lives of infants. The “scholarship of engagement”
(Boyer, 1996) has the potential to forge a direct path between what we know broadly
about infants and its application for each infant in the context of his or her own family,
community, state, and nation. At the moment, that path is very meandering.

Infancy researchers, such as the ones writing in this volume, clearly care very deeply
about the well-being of infants and each one can delineate the implications of his or her
work for infants and their families. But the link between knowledge and action based on
that knowledge could be much stronger. Policies are in place to implement some of what
we know is important for infants, a number of which will be reviewed in this chapter.
Further, some communities have created their own programs to address the needs of
infants, and some of these efforts will also be reviewed. But it will become clear that we
know so much more than is being implemented in the everyday lives of infants. To address
this, a number of mechanisms for pulling together research, policy, and practice will be
presented.

Theoretical Framework

Bronfenbrenner’s (1979) conceptualization of the multiple influences on children 
provides a useful framework for this examination of the application of infancy research
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to the lives of infants. At the level of the microsystem, infants are influenced by mothers,
fathers, childcare providers, and others who come into direct contact with them. At the
level of the exosystem, infants and their caregivers are influenced by the organizations
and systems in which they participate. Examples include (1) childcare programs that orga-
nize the care infants receive; (2) employers who set constraints on parents of infants; (3)
community programs that support families; and (4) local, state, and national policies that
affect infants. As public policies and community programs are reviewed, these influences
will be touched on.

Researchers are often unfamiliar with the lived experiences of infants in families who
are different from their own. From the ivory tower of the university it is easy to forget
that the poorest families in the United States are young families with infants, and that
one-third of infants are born to single mothers (Federal Interagency Forum on Child and
Family Statistics, 1998). From the ivory tower of the university it is also easy to lose
contact with the policy context of early development. However, the ecological perspec-
tive being adopted in this chapter makes it essential to consider infant development 
in the context of families, communities, states, and nations.

Policy and Practice

The United States will be used as a case example in considering the policy context 
of infancy. The United States is geographically large and encompasses cultural, ethnic,
and racial diversity. In the United States there is an income spread that is larger than
many other countries such that we have significant numbers of infants in extremely poor
families and significant numbers of infants in very rich families. In the United States,
almost 4 million infants are born each year, 15 percent African American, 18 percent
Hispanic, and 25 percent are born into poverty (National Center for Health Statistics,
2000).

As policies affecting the lives of infants in the United States are described, it is worth
keeping in mind that the United States is precisely that, a collection of states. Increas-
ingly, federal legislation provides Block Grant funding to states and provides some broad
guidelines within which that money can be spent. States then are free to make indivi-
dual choices about exactly how to implement federal policies, and states can even request
waivers of the federal statutory limitations.

As a further development, states are undergoing a devolutionary process of dele-
gating decision making to local levels. For example, in Michigan, each of the 83 
counties has established a Multi-Purpose Collaborative Body to bring together the 
human service funding organizations for regular meetings and decision making. These
collaboratives usually include social services, health, education, and public health, and
they are asked to work together to make community-level decisions about implementa-
tion of policy.

This means that, in the United States, policies affecting infants are often made at the
federal level, adjusted at the state level, and implemented at the community level. Accord-
ingly, it is complex to describe infancy policy. It will be apparent in the descriptions below
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that the federal legislation allows, for example, states to cover costs of some services to
poor families whose incomes exceed the minimums. The following review includes poli-
cies in the United States affecting medical care, nutrition, income support, developmen-
tal assessment and support, child care, safety, and supports for parents. Included is some
of the research base for the policies and descriptions of the policies themselves.

Medical Care

Prenatal care

It is clear that prenatal care contributes significantly to the well-being of infants. Research
shows that infants are less likely to be born preterm when mothers receive prenatal care,
and comprehensive prenatal care for low-income women has been shown to reduce infant
complications (Lowry & Beikirch, 1998). Prenatal care beginning in the first trimester is
one of the Healthy People 2000 and Healthy People 2010 goals in the United States (US
Department of Health and Human Services [DHHS], 1991, 2000). The 1987 baseline
data indicated that 76 percent of mothers giving birth had prenatal care during the first
trimester; for 1997 it was 83 percent; the goal for 2010 is 90 percent. As part of the
federal Medicaid program for low-income families, states provide programs that cover the
costs of prenatal care for low-income pregnant women whose incomes are at or below
133 percent of the federal poverty level. Individual states may choose to cover women at
a higher percentage of the poverty level (up to 185 percent). In the United States 38
percent of the births are covered by Medicaid (Annie E. Casey Foundation, 1999). In
many states, there is a presumptive eligibility for this coverage such that pregnant women
are provided with temporary coverage immediately on the basis of an application com-
pleted at many clinics (including public health departments and family planning clinics).
That process facilitates early and immediate access to prenatal care. To assure continuity
of care, once eligibility is established, Medicaid coverage continues until 60 days after the
end of the pregnancy.

Health care for infants

Although it is clear that health care for infants contributes to well-being, infants in the
United States are not all receiving routine well-child care and are not all receiving timely
treatment of acute and chronic medical problems. For example, in 1997 only 78 percent
of 2-year-olds were fully immunized (Annie E. Casey Foundation, 1999). Healthy People
2010 includes as a goal having 80 percent of 6-year-olds fully immunized (DHHS, 2000).
In the United States, Medicaid is administered by each state to provide coverage of
medical expenses for children in poor families where the family income is at or below
133 percent of the federal poverty level. In addition, under the federal legislation “Chil-
dren’s Health Insurance Program” (CHIP), many states have created low-cost state insur-
ance programs for families who are not quite poor enough to qualify for Medicaid. About
25 percent of children are covered by Medicaid or other public health insurance (Annie
E. Casey Foundation, 1999). The medical expenses of middle-income and well-off 

Infancy Research, Policy, and Practice 643



families are usually covered by private insurance provided or subsidized by employers. In
between the group of poor children whose insurance is covered by public funds and the
better-off children whose insurance is covered by employers, 14 percent of young chil-
dren are not covered by medical insurance (Annie E. Casey Foundation, 1999). Healthy
People 2010 targets 100 percent health-care coverage for children (DHHS, 2000).
Beyond the financial barriers, other significant barriers to medical care include schedul-
ing difficulties, transportation difficulties, attitudinal barriers, dissatisfaction with services,
and lack of information about financial supports (Omar, Schiffman, & Bauer, 1998;
Riportella-Muller et al., 1996).

Health care for parents

A significant body of research (e.g., Field, 1995) indicates that maternal depression – par-
ticularly chronic depression – and other forms of mental illness interfere with the devel-
opment of relationships between mothers and infants. Healthy People 2010 (DHHS,
2000) includes a goal of having at least half of those suffering from depression receiving
treatment; currently less than one-quarter receive treatment. Specifically reducing post-
partum depression is also a current national goal. Some of the deficits in the children of
substance-abusing mothers are attributable to the chaotic environments these mothers
provide for their infants (e.g., Mayes, 1995), and health care could include substance
abuse treatment. These lines of evidence suggest the importance of healthy parents for
infants’ well-being, yet the United States has not invested broadly in the health of parents.
Medicaid insures poor children, but usually not their parents.

Nutrition

Prenatal nutrition

In the United States, the federal Special Supplemental Nutrition Program for Women,
Infants and Children (WIC) provides food vouchers to pregnant women who are poor
and at nutritional risk. WIC eligibility includes family incomes at or below 185 percent
of the federal poverty level. Nutritional risk includes such risk as anemia, underweight,
and poor eating patterns. Through WIC, women also receive education about healthy
eating during pregnancy and screening for anemia. The WIC program serves approxi-
mately 45 percent of pregnant women and newborn infants in the United States, and
nearly all eligible pregnant women participate. Women enrolled in the WIC program
have been shown to be less likely to deliver infants who are small for gestational age
(Ahluwalia, Hogan, Grummer-Strawn, Colville, & Peterson, 1998) and less likely to die
in the first year (Moss & Carver, 1998).

Breastfeeding

Breastfed infants have fewer ear infections, allergies, and respiratory infections, are 
less likely to die of SIDS (Sudden Infant Death Syndrome), and even may grow into 
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children with higher IQ scores (Stuart-Macadam & Dettwyler, 1995). Mothers who
breastfeed their infants return more quickly to their prepregnancy weight and are less
likely to develop breast cancer premenopausally. Healthy People 2000 and Healthy People
2010 both aim for 75 percent breastfeeding in the newborn period and 50 percent breast-
feeding at 6 months (DHHS, 1991, 2000). In addition, Healthy People 2010 has a goal
of 25 percent breastfeeding at 1 year; even though that is the recommendation of the
American Academy of Pediatrics (1997), the current level is only 16 percent. Income-
eligible women (at or below 185 percent poverty) who are breastfeeding their infants
receive vouchers for healthy foods from WIC to provide the extra nourishment that their
bodies need during lactation. Increased breastfeeding in low-income women served by
WIC can result in significant cost savings (Heinig, 1998). Some communities, clinics,
and hospitals employ lactation consultants to provide access to information and individ-
ual consultation to breastfeeding women. Some communities have developed peer
support programs through which women volunteers support new mothers who are breast-
feeding, although the research evidence on the effectiveness of these peer support pro-
grams is equivocal (e.g., Arlotti, Cottrell, Lee, & Curtin, 1998; Caulfield et al., 1998;
Morrow et. al., 1999).

Nutrition for infants

Years of evidence suggest the importance of nutrition during the first years (see chapter
25 in this volume), yet in the case of poverty in the United States, there may not be
enough food for children. WIC provides vouchers for healthy food for income-eligible
children up to 5 years old, as well as education for their parents. The Child and Adult
Care Food Program is a federal program that is a downward extension of the school lunch
program; this subsidizes the cost of snacks and meals served to children in childcare pro-
grams. Children whose families have incomes at or below 130 percent of the federal
poverty level receive these foods free; between 130 percent and 185 percent of the poverty
level, the price is reduced. The Child and Adult Care Food Program also provides over-
sight for menus and education for childcare providers. Another federal program that helps
with nutrition for families with infants is the Food Stamp Program, which provides
income-eligible parents with vouchers that stretch their food dollars. Parent education
about nutrition, food safety, purchase of food and food preparation is the focus of the
Expanded Food and Nutrition Education Program (EFNEP) offered nationwide by the
Extension branch of each state’s Land-Grant University. As a longstanding outreach effort
of the Land-Grant University in each state, Extension provided this education to small
groups and in homes.

Food pantries and food banks

State and community initiatives to address infant nutrition issues include the devel-
opment of local food pantries that provide food for families in need. Food distributed 
by food pantries is made available through volunteer donations (local food drives) 
as well as food banks that accept large donations of food and organize their distribu-
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tion through local food pantries. Food pantries are also a source of formula and dia-
pers for infants, and so particularly serve families with young children. Local food 
pantries each create their own guidelines, and many have barriers that limit the food 
that infants and their families actually make use of (Tableman, 1999). For example, 
families may be limited to receiving food once a month or to accepting only bags with
specific items.

Income Support

Welfare

In the United States, the federal income support program, Aid to Families with Depen-
dent Children (AFDC), was replaced in 1996 by Temporary Assistance to Needy Fami-
lies (TANF) in an effort to move families off the welfare rolls and into the world of work
(Zaslow, Tout, Smith, & Moore, 1998). This program provides some financial support
for the 25 percent of children under 3 years old who live in poverty (National Center for
Children in Poverty, 1997), although with TANF families now have lifetime limits on
receiving support such that only 60 months of support may be received and work require-
ments are part of the program. Families who exceed the number of months and families
who do not meet work requirements are “sanctioned” and often may not receive federal
support, although states are given some flexibility in this. Effects of these significant
changes in federal and state income support on infants and young children are uncertain,
although research is under way (Zaslow et al., 1998). The decline in participation in
income support programs has been accompanied by declines in participation in other
programs, including Food Stamps, Medicaid and state health insurance programs, even
though families may remain eligible (Ellwood, 1999).

Child support

In the United States today, almost one-third of infants are born to single mothers (Federal
Interagency Forum on Child and Family Statistics, 1998), and non-custodial parents,
usually father, are often obligated to provide financial support for their minor 
children. The collection of child support has been facilitated by procedures that make 
it easier to establish paternity. Hospitals are now required to make available official 
forms that fathers can complete to establish their paternity, and mothers are given 
the opportunity to provide information to help track down putative fathers and 
determine paternity. When paternity is established, courts order non-custodial parents 
to provide child support, and procedures have been established to make it relatively
straightforward to collect child support. For example, wages are garnished at the 
point when child support is ordered, and income tax refunds and lottery winnings are
intercepted when child support is owed. These procedures, some of which derive from
the Personal Responsibility and Work Opportunity Reconciliation Act of 1996, go 
part of the distance toward providing financial resources for the support of infants (Zaslow
et al., 1998).
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Earned income tax credit

This federal program provided refundable credits for low-income families in the United
States. The money can be provided monthly or in an annual lump sum. As an income
support program for working parents, this has been particularly effective in lifting fami-
lies out of poverty (Scholz, 2000). Some states also have a state Earned Income Tax Credit.

Developmental Assessment and Support

The United States does not have a public health system through which each infant passes
for regular checks. This is in contrast to, for example, Japan, where all infants receive
developmental and physical checkups at 3 or 4 months of age. For poor children who are
served by Medicaid, each child in the United States should receive Early and Periodic
Screening, Diagnosis, and Treatment (EPSDT) services that include review of medical
history, measurements, sensory screening, developmental assessment, and other checking.
With the assignment of Medicaid patients to Health Maintenance Organizations
(HMOs) for medical care, this has become the responsibility of medical care providers.
For children not served by Medicaid, each state has developed Child Find programs,
including media campaigns, to help find children with developmental delays and sensory
impairments who would be eligible for services under the Individuals with Disabilities
Act (Part C). Where delays or impairments are detected, each state has a lead agency
responsible for providing supportive services to children between birth and 3 years 
old who have handicapping conditions. The specific services that are needed are devel-
oped jointly by families and professionals and documented in an Individualized Family
Service Plan.

Child Care

Chapter 24 in this volume provides some information on child care during infancy. In
the United States, over half of the mothers of 12-month-old infants work outside the
home. A few of these infants accompany their mothers to work, some are cared for by
their fathers while the mothers work, others are cared for by relatives, and the remainder
are cared for by paid providers in the infants’ homes, in family childcare settings, or in
childcare centers.

What does a good childcare program look like? There is an emerging consensus that
by paying attention to three structural aspects of child care, the overall care provided to
infants and toddlers in childcare programs can be enhanced. Childcare programs that
have one adult taking care of no more than three infants, that keep infants in groups of
six or fewer, and that have trained childcare providers provide the most supportive care
(e.g., American Public Health Association and American Academy of Pediatrics, 1992).
For example, in those programs providers are most likely to be nurturing (NICHD Early
Child Care Research Network, 1996). However, the NICHD Study of Early Child Care
(1999) indicates that 20 percent of infants from ten communities across the United States
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are in childcare programs that meet none of these standards. This is important because
the quality of child care in infancy has been linked to socioemotional development
(NICHD Early Child Care Research Network, 1998).

In the context of welfare reform and the Personal Responsibility and Work Opportu-
nity Reconciliation Act of 1996, considerable public money from the TANF program has
been put into paying for child care for infants whose mothers are returning to work
(Zaslow et al., 1998). Each state has developed its own procedures for determining reim-
bursement rates and procedures. For example, Wisconsin has a tiered reimbursement
system that provides a higher level of reimbursement for care provided in high-quality
programs. In many states, that care is largely provided by friends and relatives who are
exempt from state regulations (Capizzano, Adams, & Sonenstein, 2000). Federal money
also subsidizes the costs of child care with a federal tax credit of up to $400 per child
toward families’ childcare costs.

Infant Safety

In the United States, policies related to the safety of infants have largely been the respon-
sibility of state departments of public health or community health, and their efforts
include media campaigns, booklets, and policy changes. The federal agency, Center for
Disease Control (CDC), provides support for these efforts and tracks their impacts. Mes-
sages about car-seat safety, placing children on their backs to prevent SIDS, crib safety,
and safe walkers are part of these efforts. For example, Healthy People 2010 aims to
increase the number of infants who are placed on their backs to sleep from 35 percent
to 70 percent (DHHS, 2000). Some safety topics are more specialized, such as the impor-
tance of testing rural well water that infants will drink for nitrates from fertilizer runoff,
and some topics are very general, such as the safe food-handling procedures that are
described on grocery bags. (See chapter 25 in this volume for more information about
feeding.) Because of the aging housing stock in the United States, screening for lead poi-
soning is an important part of the safety of young children. One-quarter of American
children receive injuries needing medical attention each year (US Bureau of the Census,
1996), and unintentional injuries are the leading cause of death in children 1 to 4 years
old (DHHS, 2000).

Infant mortality

The rate of infant mortality in the United States is approximately 7.3 per 1000 births
(Annie E. Casey Foundation, 1999). This places the United States below many 
other industrialized countries, and the infant mortality rate in some American cities is
higher than the rate in some third world countries. Infant mortality in the United 
States is particularly linked with lack of early prenatal care, preterm birth, and extreme
disadvantage. Healthy People 2010 aims to cut infant mortality to 4.5 percent (DHHS,
2000).
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Abuse and neglect

Each state has created a system of child welfare services for addressing issues of abuse and
neglect. About 26 percent of the abuse and neglect cases referred for investigation are for
children 3 years or younger (US Department of Health and Human Services, 1995).
Where a report of neglect or abuse is substantiated, states use some combination of case-
work, criminal prosecution, mandatory parenting education, and foster care as tertiary
preventions to protect children from future maltreatment. Infants and toddlers make up
a disproportionate number of the children who are removed from their home and placed
in foster care for abuse and neglect. In addition to formal foster-care systems run by
public, secular, and nonprofit agencies, many infants are in informal care with relatives
(kin care) as a result of abuse and neglect or suspicions of abuse and neglect.

Supporting Parents

Family Resource Centers

In the 1980s Family Resource Centers were developed as a strategy to support parents.
The idea was that communities could better support the development of infants and chil-
dren if they would centralize parents’ access to information and support (Little, 1998).
Family Resource Centers have offered parent education classes, parent support groups,
respite care for children in stressed families, and other programs. Support from state gov-
ernments, as well as from the Children’s Trust Fund in each state, has been instrumental
in this development.

Home-visiting programs

Beginning in the 1990s and continuing today, many communities and professionals in
the United States have created home-visiting programs to welcome new infants and to
educate and support infants’ parents. Programs use nurse home visitors, social workers,
paraprofessionals, and volunteers to optimize the development of infants, particularly
high-risk infants. It is estimated that more than half a million pregnant women, infants,
and their families in the United States are being served by home-visiting programs
(Gomby, Culross, & Behrman, 1999). In spite of the wide proliferation of these pro-
grams, evaluations of current home-visiting models suggest that they have limited ongoing
effectiveness. Only the Nursing Home Visitation Program has been documented to have
long-run impact, and for that program, benefits seem to particularly accrue to high-risk
families (Karoly et al., 1998; Olds et al., 1999).

Early Head Start

As a downward extension of the widespread federally funded Head Start program 
for 3- and 4-year-olds, Early Head Start (http://www.ehsnrc.org/) began in 1994 to 
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serve pregnant women and families with children under 3 years old who are income-
eligible. Currently over 500 sites nationally offer flexible services designed around 
each child, each family, and each community. With a focus on promoting children’s 
development, pregnant women, infants, and young children are served with a com-
bination of home visits and group activities. A national evaluation of effectiveness is 
under way.

Parental leave

In the United States, federal law guarantees that parents who take up to 12 weeks’ 
leave to take care of their newborn infants can return to their same job or a similar 
job; however, this only applies to parents who work for employers with over 50 employ-
ees. This leave does not need to be paid leave, though some employers allow parents to 
use accumulated sick leave and vacation time toward the 12 weeks. A few states have
parental leave policies that are slightly different from the federal law. Policies in the 
United States are in stark contrast to other countries, which offer periods of paid leave that
range up to part-time pay over a period of three years (e.g., Sweden, Finland). Recent
federal proposals may lead to allowing states to use unemployment funds to cover some
paid parental leave. Research suggests that maternity leave of less than six weeks is a risk
factor for depression (Hyde, Essex, Clark, & Klein, 1996) and that shorter leave periods
are associated with less optimal mother–infant interaction (Clark, Hyde, Essex, & Klein,
1997).

Policy Summary

For a moment, to make this policy information more concrete, imagine a poor single
American mother’s negotiation through the policy maze. Welfare support from Tempo-
rary Assistance to Needy Families will pay a monthly stipend for a time, although there
may be work requirements. The amount of support for a single mother and her infant is
small, for example about $350 per month in Michigan. The case worker who enrolls the
mother and infant may or may not also be empowered to enroll the family for food
stamps, Medicaid, or state-funded child health insurance, and even if empowered to enroll
for these programs, may not be knowledgeable about the intricacies of eligibility. Food
stamps might provide about an additional $150 toward food costs for this mother and
infant. Enrollment for WIC supplemental food is probably a separate stop, with ques-
tions about financial and nutritional need; WIC provides coupons that can be redeemed
for specific nutritious food at most stores. Eligibility for home-visiting and socialization
experiences from Early Head Start or a locally organized home-visiting program is prob-
ably a separate stop in communities that offer these services. In many states there is now
public support of help finding a job and finding child care, but considerable leg work is
involved, perhaps with the infant in tow. In other words, although policies provide numer-
ous supports for needy families with infants, most communities have not made access to
supports a convenient process.
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This review of policies in the United States has presented descriptions of how pro-
grams should work and described who should be able to participate. And indeed, some of
the information that researchers know is reflected in those policies. However, many fam-
ilies do not make use of the programs for which they are eligible. Some families are
unaware of their eligibility, others do not want to participate in stigmatized programs.
Some families run up against barriers of transportation, red tape, or waiting lists. Other
families only receive partial services. For example, a record review in North Carolina indi-
cated that only portions of the Early and Periodic Screening, Diagnosis, and Treatment
(EPSDT) protocols were being administered (Richardson, Selby-Harrington, Krowchuk,
Cross, & Williams, 1994). Clearly policies do not reflect much of what we know about
infants, and what has been enacted into policy is not necessarily being implemented and
having impact.

At the same time that we have accumulated huge amounts of knowledge about infants
in the academy, the public is clamoring for help in solving many social problems that
begin in infancy. Rob Reiner’s “I Am Your Child” video has seen broad national distrib-
ution as an effort to focus public attention on the importance of the early years. Legis-
latures across the United States are considering and enacting initiatives that address the
early years. For example, North Carolina has its Smart Start and Michigan has a Ready
to Succeed initiative for supporting infants, young children, and their families. A national
initiative, “Fight Crime, Invest in Kids” (http://www.fightcrime.org), is focusing increas-
ing attention on early childhood.

The public appetite for information about infants has been fed, for example, by 
coverage such as Newsweek’s “Your Child’s Brain” (Begley, 1996). Charismatic public
speakers who are practitioners and consultants are riding the conference circuit. Free-
standing organizations that are not part of universities such as Families and Work 
Institute (http://www.familiesandwork.org), Child Trends (http://www.childtrends.org),
Zero to Three (http://www.zerotothree.org), and Children’s Defense Fund
(http://www.childrensdefense.org) are providing the print and Web materials and are pro-
viding leadership. The New York Times reviews books such as Ghosts from the Nursery
(Karr-Morse & Wiley, 1997) and The Myth of the First Three Years (Bruer, 1999) that
provide popular audiences with accessible information about infancy.

Engaged University

Where is the academy in this dialogue? Infancy researchers need to share what they know
so that families, communities, states, and nations can put that knowledge into action.
Policy makers, practitioners, and citizens need to be welcome when they make inquiries
of the academy and need to find a willingness to enter into two-way dialogue. Infancy
researchers can also play an important role in helping the public interpret what it is
hearing. Researchers can help differentiate among (1) what we know solidly, (2) what 
is suggested by research, (3) what we are pretty sure is not true, and (4) what we 
know is not true.
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Institute for Children, Youth, and Families

The Institute for Children, Youth, and Families at Michigan State University
(http://www.icyf.msu.edu) is making specific efforts to use research to inform policy and
practice for infants. The Institute is sited within the university as a multidisciplinary unit
with an infrastructure in support of research, policy engagement, and scholarly outreach.
It works to facilitate collaborations among faculty across campus and between on- and
off-campus partners. The Institute has a focus on six topic areas, including the youngest,
child well-being, youth development, parent and family development, diversity, and com-
munity capacity building. Among these areas, the current primary focus is on the youngest
– infants and toddlers.

Four examples will be described from the Institute for Children, Youth, and Families
at Michigan State University of our efforts to become an engaged university in the infancy
arena. The first effort is directed toward state-level policy makers, the second effort is
directed to local-level policy makers, the third is focused on students, and the fourth
includes on- and off-campus partners.

The Institute for Children, Youth, and Families has created Michigan Family Impact
Seminars as a model for bringing scholarly knowledge to policy makers. Following the
format of seminars that have been held at the federal level and in Wisconsin (Bogen-
schneider, 1995), and with technical assistance from the National Policy Institute 
for Family Impact Seminars (http://sohe.wisc.edu/fampolicy/), we assembled a bipar-
tisan, bicameral Legislative Advisory Committee to select topics of particular legislative
interest. For Spring 2000 Child Care and Education was selected as the first topic, and 
Children and Divorce as the second. For each topic we brought three national experts 
with a history of scholarly publication to participate in the seminar and in a luncheon with
legislators. These were educational events designed to provide research-based informa-
tion; they did not advocate or lobby for specific policies or legislation. As a companion to
the seminar, we prepared an attractive easy-to-read briefing report summarizing the re-
search and the three talks – 500 copies of the Child Care and Education briefing report 
have been distributed to date (and it is available on our website, www.icyf.msu.edu).

As indicated earlier, many policy decisions that formerly took place at the federal level
are now delegated to states which, in turn, delegate to communities. Accordingly, the
Institute for Children, Youth, and Families is explicitly working in the area of commu-
nity capacity building by providing technical assistance to some of the local Multi-Purpose
Collaborative Bodies and their subcommittees that focus on the youngest children. This
on-the-ground work is supported by a campus work group that is reviewing scholarly 
literature on multiple stakeholder collaborations. Thus we are able to offer research-
based knowledge about infant development, about best practices, and about the collab-
orations that will lead to change.

The third effort of the Institute for Children, Youth, and Families at Michigan State
University is to offer the Interdepartmental Graduate Specialization in Infant Studies
(IGSIS). This specialization is completed concurrently with a master’s degree or doctoral
degree in any of a dozen participating departments on campus: Anthropology; Audiol-
ogy and Speech Sciences; Counseling, Educational Psychology, and Special Education;
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Family and Child Ecology; Food Science and Human Nutrition; Kinesiology; Nursing;
Pediatrics and Human Development; Psychiatry; Psychology; Social Work and Sociology.
This program provides students the opportunity to obtain a comprehensive academic
experience based on current research and theoretical understandings of the field of human
infancy and to have a practical internship placement working with infants in the com-
munity. Thus the next generation of infancy scholars is being trained in the application
of infancy knowledge to policy and practice.

The Institute for Children, Youth, and Families has developed work groups as one
model for engaging Michigan State University with off-campus partners to address
infancy issues. The Michigan Applied Research on Child Abuse and Neglect work 
group was initiated jointly with the Michigan Children’s Trust Fund and Michigan 
State University. This prevention-focused work group now includes partners from 
several disciplines from five Michigan universities and community partners from 
several parts of state government, community-based service providers, business people,
and nonprofit umbrella organizations. The Michigan Breast Feeding Research 
Network includes partners from the WIC program, state government, practitioners, 
and faculty from several disciplines at three Michigan campuses. These work groups
provide forums for discussion of research, policy, and practice. Each work group explic-
itly includes partners from on- and off-campus as well as faculty participation from 
several disciplines.

These four examples from the Institute for Children, Youth, and Families at Michi-
gan State University give models for seeing that the knowledge of infancy that is sum-
marized in this volume sees application in the lives of infants. Michigan State University
is particularly committed to this scholarly engagement, partly because of leadership at the
level of the University President and the University Provost (Simon, 1999). Michigan
State University is also a Land-Grant University with an explicit mission to reach out to
citizens. In the United States each state has at least one Land-Grant University with an
Extension unit explicitly responsible for this mission. Through local Extension offices in
most counties and Extension faculty on campus, the application of research-based knowl-
edge becomes a priority. Thus working with Extension may be one key to the applica-
tion of knowledge about infants.

Engaged University Guidelines

As we move toward becoming an “engaged university,” and as we implement projects
such as those described above, we are guided by the Kellogg Commission’s (1999) report
to the National Association of State Universities and Land-Grant Colleges (Returning to
Our Roots: The Engaged Institution). Their report can facilitate our efforts to effect the
application of infancy research to the lives of infants.

An engaged university is responsive and respectful (Kellogg Commission on the Future
of State and Land-Grant Universities, 1999, p. x). The academy has to do more than
provide expert answers to the questions that it thinks communities and practitioners
should be asking about infants. Instead, the academy needs to participate in a two-way
dialogue where we learn about the knowledge that is emerging in practice and about the
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questions that are important to families, practitioners, and policy makers. It is this 
dialogue that will lead to changes on and off campus.

An engaged university holds to academic neutrality. In other words, when we become
involved in contentious issues, can we “maintain the university in the role of neutral facil-
itator and source of information” (Kellogg Commission on the Future of State and Land-
Grant Universities, 1999, p. x)? Communities, policy makers, and citizens ask: “Does the
new brain science indicate that windows of opportunity close at the end of the first three
years?” “Can we prevent child abuse in our community with home visiting?” “Does breast-
feeding make children smarter?” “At what age should parents begin reading to their chil-
dren?” “Can appropriate care of infants raise IQ 40 points?” “What about Mozart for
babies?” The academy treads a fine line in sticking to what we know and providing useful
information in answer to questions like these.

The engaged university will need to work hard at coordination if it is to be useful
(Kellogg Commission on the Future of State and Land-Grant Universities, 1999). Can
we work together across traditional disciplinary boundaries, across unit boundaries on
campuses, and across campuses? If the academy can coordinate across these boundaries,
it will also enhance accessibility to communities, policy makers, and citizens. When the
academy coordinates its efforts to address relevant questions, we will know who else is
doing the infancy research on our campus and on neighboring campuses. Then it will
not matter who is the point of access because we can make useful referrals within our
networked academy.

If universities commit to becoming engaged universities, they will integrate this
engagement across the research, teaching, and service missions of the university (Kellogg
Commission on the Future of State and Land-Grant Universities, 1999). For example, as
described above, the Interdepartmental Graduate Specialization in Infant Studies at
Michigan State University is a multidisciplinary effort involving a dozen departments,
and it provides students with coursework, seminars, and an internship experience that
prepares them to work with infants in a number of fields.

Universities who make a commitment to engagement also commit resources to these
efforts. “The most successful engagement efforts appear to be those associated with strong
and healthy relationships with partners in government, business, and the nonprofit world”
(Kellogg Commission on the Future of State and Land-Grant Universities, 1999, p. x).
Our professional organizations recognize these needs. The American Psychological Asso-
ciation offers an annual award for “Distinguished Contribution to Psychology in the
Public Interest” (e.g., American Psychological Association, 1999), and the work of the
1995 awardee, Dr. David Riley, included infancy work (American Psychological Associ-
ation, 1996). The Society for Research in Child Development now publishes applied and
policy studies in its journal, Child Development (Zigler, 1998), and for some time it has
regularly published the Social Policy Report. Of particular interest is the Social Policy
Report, “Beyond ‘Giving Science Away’: How University–Community Partnerships
Inform Youth Programs, Research and Policy” (Denner, Cooper, Lopez, & Dunbar,
1999).

The new research agendas for infancy will be multidisciplinary action research agendas
shaped jointly by families, service providers, government, business, and scholars. With

654 Marguerite Barratt



this collaboration between the academy and the off-campus world, what the academy
knows – about perception and cognition; about social, emotional, and communicative
development; about risk factors; and about the contexts of early development – will be
put to use by families, the practitioners who serve them, policy makers, and communi-
ties to optimize the development of infants.

Further Reading

Annie E. Casey Foundation. (1999). KIDS COUNT data book: State profiles of child well-being.
Available from the Annie E. Casey Foundation, 701 St. Paul Street, Baltimore, MD 21202, or
the Internet at www.aecf.org. The Annie E. Casey Foundation has provided ongoing support
for surveillance of the statistics on children’s well-being in each state. The annual report 
provides charts for each state that describes the circumstances of their children. County-level
statistics are also available in state publications.

Boyer, E. L. (1996). The scholarship of engagement. Journal of Public Service and Outreach, 1,
11–20. From his perspective as the President of the Carnegie Foundation for the Advancement
of Teaching, Boyer argues for the strengthening of connections between American society and
universities.

Denner, J., Cooper, C. R., Lopez, E. M., & Dunbar, N. (1999). Beyond “giving science away”:
How university–community partnerships inform youth programs, research, and policy. 
Social Policy Report (Vol. 13, No. 1). Ann Arbor, MI: Society for Research in Child Deve-
lopment. Using examples from recent research with two youth programs, this report 
proposes that university–community partnerships afford the exchange of existing knowledge and
generation of new knowledge that can bridge the gaps between research, practice, and policy 
for youth.

Kellogg Commission on the Future of State and Land-Grant Universities. (1999, February).
Returning to our roots: The engaged institution. Washington, DC: National Association of State
Universities and Land-Grant Colleges. This 1999 report of the Kellogg Commission on the
Future of State and Land-Grant Universities lays out examples and principles as universities
struggle with escaping their ivory-tower reputation and becoming more relevant. Ideas from this
report are equally relevant for private colleges and universities.

Lerner, R. M., & Simon, L. A. K. (Eds.). (1998). University–community collaborations for the 
twenty-first century: Outreach scholarship for youth and families. New York: Garland. This 
edited volume provides specific examples from many American colleges and universities of 
connections that have been forged between universities and communities in the area of youth
development.

Zaslow, M., Tout, K., Smith, S., & Moore, K. (1998). Implications of the 1996 welfare legislation
for children: A research perspective. Social Policy Report (Vol. 12, No. 3). Ann Arbor, MI: Society
for Research in Child Development. This report uses results from evaluations of welfare-to-work
programs and findings of basic research on children and families to anticipate the implications
for children of the 1996 federal welfare legislation.

Zigler, E. (1998). A place of value for applied and policy studies. Child Development, 69, 532–542.
Zigler describes and celebrates the decision by the Society for Research in Child Development
to include applied and policy studies in their journal, Child Development. This opens for the
academy the possibility of conducting relevant work on infants and having that work published
in one of the top journals in the field.
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Web resources

Web resources include:

• The Families and Work Institute (http://www.familiesandwork.org/), a nonprofit organization
committed to finding research-based strategies that foster mutually supportive connections
among workplaces, families, and communities.

• Child Trends (http://www.childtrends.org), a nonprofit, nonpartisan research organization that
studies children, youth, and families through research, data collection, and data analysis.

• Zero to Three (http://www.zerotothree.org/), the National Center for Infants, Toddlers and
Families, dedicated to the healthy development of infants and toddlers.

• The Children’s Defense Fund (http://www.childrensdefense.org/), which aims to ensure 
for every child “a Healthy Start, a Head Start, a Safe Start, and a Moral Start in life and 
successful passage to adulthood with the help of caring families and communities.”

• The National Center for Children in Poverty (http://cpmcnet.columbia.edu/dept/nccp/
cpf.html) at Columbia University, which is identifying and promoting strategies that reduce
the number of young children living in poverty in the United States, and that improve the life
chances of the millions of children under age 6 who are growing up poor.

• The Urban Institute (http://www.urban.org), a nonprofit policy research organization whose
objectives are to sharpen thinking about society’s problems and efforts to solve them, improve
government decisions and their implementation, and increase citizens’ awareness about 
important public choices.

• The Healthy People website (http://www.health.gov/healthypeople/) offers a wealth of 
information about this national health promotion and disease prevention initiative, as well as
on-line access to the Healthy People 2010 document.

• The Early Head Start program (http://www.ehsnrc.org/) supports the healthy development of
infants, toddlers, and their families.

References

Ahluwalia, I. B., Hogan, V. K., Grummer-Strawn, L., Colville, W. R., & Peterson, A. (1998). The
effect of WIC participation on small-for-gestational-age births: Michigan, 1992. American
Journal of Public Health, 88, 1374–1376.

American Academy of Pediatrics Work Group on Breastfeeding. (1997). Breastfeeding and the use
of human milk. Pediatrics, 100, 1035–1039.

American Psychological Association. (1996). Award for Distinguished Contribution to Psychology
in the Public Interest: David A. Riley. American Psychologist, 51, 336–341.

American Psychological Association. (1999). Award for Distinguished Contribution to Psychology
in the Public Interest: Bonnie Strickland. American Psychologist, 54, 246.

American Public Health Association and American Academy of Pediatrics Collaborative Project.
(1992). Caring for our children – national health and safety performance standards: Guidelines 
for out-of-home child care programs. Washington, DC: American Public Health Association.

Annie E. Casey Foundation. (1999). KIDS COUNT data book: State profiles of child well-being.
Available from the Annie E. Casey Foundation, 701 St. Paul Street, Baltimore, MD 21202, or
the Internet at www.aecf.org.

Arlotti, J. P., Cottrell, B. H., Lee, S. H., & Curtin, J. J. (1998). Breastfeeding among low-income
women with and without peer support. Journal of Community Health Nursing, 15, 163–178.

Begley, S. (1996, February 19). The Cover: Your child’s brain. Newsweek, 127, 54.

656 Marguerite Barratt



Bogenschneider, K. (1995, January). Roles for professionals in building family policy: A case study
of state family impact seminars. Family Relations, 44(1), 5–12.

Boyer, E. L. (1996). The scholarship of engagement. Journal of Public Service and Outreach, 1,
11–20.

Bronfenbrenner, U. (1979). The ecology of human development: Experiments by nature and design.
Cambridge, MA: Harvard University Press.

Bruer, J. T. (1999). The myth of the first three years: A new understanding of early brain development
and lifelong learning. New York: Free Press.

Capizzano, J., Adams, G., & Sonenstein, F. (2000). Child care arrangements for children under five:
Variation across states (Series B, No. B-7). Washington, DC: The Urban Institute.

Caulfield, L. E., Gross, S. M., Bentley, M. E., Bronner, Y., Kessler, L., Jenson, J., Weathers, B., &
Paige, D. M. (1998). WIC-based interventions to promote breastfeeding among African-Amer-
ican women in Baltimore: Effects of breastfeeding initiation and continuation. Journal of Human
Lactation, 14, 15–22.

Clark, R., Hyde, J. S., Essex, M. J., & Klein, M. H. (1997). Length of maternity leave and quality
of mother–infant interactions. Child Development, 68, 364–383.

Denner, J., Cooper, C. R., Lopez, E. M., & Dunbar, N. (1999). Beyond “giving science away”:
How university–community partnerships inform youth programs, research, and policy. Social
Policy Report (Vol. 13, No. 1). Ann Arbor, MI: Society for Research in Child Development.

Ellwood, M. (1999, December). The Medicaid eligibility maze: Coverage expands, but enrollment
problems persist, findings from a five-state study. Available: http://newfederalism.urban.org/html/
occa30.html.

Federal Interagency Forum on Child and Family Statistics. (1998). America’s children: Key national
indicators of well-being. Washington, DC: US Government Printing Office.

Field, T. (1995). Psychologically depressed parents. In M. H. Bornstein (Ed.), Handbook of 
parenting: Vol. 4. Applied and practical parenting (pp. 85–99). Mahwah, NJ: Erlbaum.

Gomby, D. S., Culross, P. L, & Behrman, R. E. (1999, Spring/Summer). Home visiting: Recent
program evaluations – analysis and recommendations. The Future of Children, 9, 4–26.

Heinig, M. J., (1998). Breastfeeding and the bottom line: Why are the cost savings of breastfeed-
ing such a hard sell? Journal of Human Lactation, 14, 87–88.

Hyde, J. S., Essex, M. J., Clark, R., & Klein, M. H. (1996). Parental leave: Policy and research.
Journal of Social Issues, 52, 91–109.

Karoly, L. A., Greenwood, P. W., Everingham, S. M. S., Hoube, J., Kilburn, M. R., Rydell, C. P.,
Sanders, M. R., & Chiesa, J. R. (1998). Investing in our children: What we know and don’t know
about the costs and benefits of early childhood interventions (Doc. No. MR-898-TCWF). Santa
Monica, CA: RAND Corporation.

Karr-Morse, R., & Wiley, M. S. (1997). Ghosts from the nursery: Tracing the roots of violence. New
York: Atlantic Monthly Press.

Kellogg Commission on the Future of State and Land-Grant Universities. (1999, February).
Returning to our roots: The engaged institution. Washington, DC: National Association of State
Universities and Land-Grant Colleges.

Lerner, R. M., & Simon, L. A. K. (Eds.). (1998). University–community collaborations for the twenty-
first century: Outreach scholarship for youth and families. New York: Garland.

Little, P. M. D. (1998, October). Family Resource Centers: Where school readiness happens. 
Early Childhood Digest. Available from US Department of Education, National Institute 
on Early Childhood Development and Education (tel. 202-219-1672) or on-line at
http://www.ed.gov/offices/OERI/ECI/digests/98october.htm.

Lowry, L. W., & Beikirch, P. (1998). Effect of comprehensive care on pregnancy outcomes. Applied
Nursing Research, 11, 55–61.

Infancy Research, Policy, and Practice 657



Mayes, L. C. (1995). Substance abuse and parenting. In M. H. Bornstein (Ed.), Handbook of par-
enting: Vol. 4. Applied and practical parenting (pp. 101–125). Mahwah, NJ: Erlbaum.

Morrow, A. L., Guerrero, M. L., Shults, J., Calva, J. J., Lutter, C., Bravo, J., Ruiz-Palacios, G.,
Morrow, R. C., & Butterfoss, F. D. (1999). Efficacy of home-based peer counseling to promote
exclusive breastfeeding: A randomized controlled trial. Lancet, 353, 1226–1231.

Moss, N. E., & Carver, K. (1998). The effect of WIC and Medicaid on infant mortality in the
United States. American Journal of Public Health, 1998, 1354–1361.

National Center for Children in Poverty. (1997). Early childhood poverty: A statistical profile
[On-line]. Available: http://cpmcnet.columbia.edu/dept/nccp/cpf.html.

National Center for Health Statistics. (2000). Vital statistics of the United States, 1997, Part I, 
Natality – First release of files. Available: http://www.cdc.gov/nchs/datawh/statab/ unpubd/natal-
ity/natab97.htm.

NICHD Early Child Care Research Network. (1996). Characteristics of infant child care: 
Factors contributing to positive caregiving. Early Childhood Research Quarterly, 11, 269–306.

NICHD Early Child Care Research Network. (1998). Early child care and self-control, compli-
ance, and problem behavior at twenty-four and thirty-six months. Child Development, 69,
1145–1170.

NICHD Early Child Care Research Network. (1999). Child outcomes when child care center
classes meet recommended standards for quality. American Journal of Public Health, 89,
1072–1077.

Olds, D. L., Henderson, C. R., Jr., Kitzman, H. J., Eckenrode, J. J., Cole, R. E., & Tatelbaum,
R. C. (1999, Spring/Summer). Prenatal and infancy home visitation by nurses: Recent findings.
The Future of Children, 9, 44–65.

Omar, M. A., Schiffman, R. F., & Bauer, P. (1998). Recipient and provider perspectives of 
barriers to rural prenatal care. Journal of Community Health Nursing, 15, 237–249.

Richardson, L. A., Selby-Harrington, M. L., Krowchuk, H. V., Cross, A. W., & Williams, D.
(1994). Comprehensiveness of well child checkups for children receiving Medicaid: A pilot
study. Journal of Pediatric Health Care, 8, 212–220.

Riportella-Muller, R., Selby-Harrington, M. L., Richardson, L. A., Donat, P. L. N., Luchok, 
K. J., & Quade, D. (1996, January/February). Barriers to the use of preventive health care 
services for children. Public Health Reports, 111, 72–77.

Scholz, J. K. (2000). Not perfect, but still pretty good: The Earned Income Tax Credit and other
policies to support low-income working families. In Helping poor kids succeed: Welfare, tax, and
early intervention policies (Wisconsin Family Impact Seminars Briefing Report). Madison: 
University of Wisconsin, School of Human Ecology.

Simon, L. A. (1999). Constructive and complex tensions in the art of engagement. Journal of Public
Service and Outreach, 4(2), 2–6.

Stuart-Macadam, P., & Dettwyler, K. A. (Eds.). (1995). Breastfeeding: Biocultural perspectives. New
York: Aldine de Gruyter.

Tableman, B. (Ed.). (1999). Overcoming hunger in the United States (Best Practice Briefs No. 8,
1998–99). East Lansing: Michigan State University, Outreach Partnerships.

Task Force on Infrastructure. (1999, May). Infants, families and communities: Strengthening sup-
ports for healthy development (Report to the David and Lucile Packard Foundation). Washing-
ton, DC: Zero to Three, National Center for Infants, Toddlers, and Families.

US Bureau of the Census. (1996). Statistical abstract of the United States, 1996 (116th ed.). 
Washington, DC: US Department of Commerce.

US Department of Health and Human Services. (2000, January). Healthy People 2010 (Confer-
ence Edition, 2 vols.). Available: http://www.health.gov/healthypeople/.

658 Marguerite Barratt



US Department of Health and Human Services, National Clearinghouse on Child Abuse and
Neglect Information. (1995). Child maltreatment: Reports from the states to the National Center
on Child Abuse and Neglect (No. HE 23.1018). Washington, DC: Author.

US Department of Health and Human Services, Public Health Service. (1991). Healthy People
2000: National health promotion and disease prevention objectives (DHHS Publication No. PHS
91-50212). Washington, DC: US Government Printing Office.

Zaslow, M., Tout, K., Smith, S., & Moore, K. (1998). Implications of the 1996 welfare legislation
for children: A research perspective. Social Policy Report (Vol. 12, No. 3). Ann Arbor, MI: Society
for Research in Child Development.

Zigler, E. (1998). A place of value for applied and policy studies. Child Development, 69, 532–542.

Infancy Research, Policy, and Practice 659



Chapter Twenty-four

Childcare Research at the Dawn of 
a New Millennium: Taking Stock of 
What We Know

Sarah L. Friedman, Suzanne Randolph, and Anita Kochanoff

Introduction

Research on child care is multifaceted and its actual and potential contributions are wide
ranging. It provides a window into demographic and economic changes, societal values and
resources that have shaped childrearing practices in the industrial world in the second half
of the 1900s. Research on the links between child care and child development provides
society with the data that can inform decisions about child care as a childrearing environ-
ment. Research on the links between child care and the family or the workplace can shed
light on the contribution of child care to the well-being of the society at large. The primary
goal of this chapter is to review what the scientific literature has taught us to date about
child care, especially during infancy, and about the developmental outcomes of children
who were placed in child care when they were infants. A second goal is to chart out areas
for future research, as we currently understand them. Before embarking on the review of
the scientific literature, we briefly spell out some of the major reasons that child care has
been a focus of intense research activity by behavioral and social scientists. We also describe
the different ways that child care has been conceptualized and assessed.

Why Is Child Care an Issue?

Child care has been perceived to be a societal public health issue and has attracted the
interest of demographers, sociologists, and psychologists (Hofferth, 1996; Lamb, 1997;
Tietze & Cryer, 1999). This perception of child care is a result of a conflict between the
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practice of using child care and cultural beliefs about the optimal conditions for the
rearing of children (e.g., Brazelton, 1986). While the use of child care has increased, the
belief that infants’ healthy development is dependent on having the mother care for her
child on a full-time basis has persisted. This belief has been supported by scholarly writ-
ings about the essential conditions for the rearing of well-adjusted children (e.g., Bowlby,
1973).

Historical changes in the economy of the United States and of other industrialized and
developing nations (e.g., Swadener & Bloch, 1997), as well as changes of women’s con-
cepts of their roles in society and in the family, have together led to the increased par-
ticipation of women in the workforce. These changes have also led to a substantive change
in the rearing of infants and children.

The above changes have occurred in a society where the normative family structure is
that of a nuclear family, increasingly consisting of a single parent and her or his children
(Cherlin, 1999). When relatives are close by, they are likely to be in the workforce and
unable to provide care for children when their mothers are working. Consequently, many
employed mothers have come to rely on paid child care by non-relatives. While initially
it seemed that there was a major shortage of childcare slots in the United States, a report
suggests that currently there is a good match between supply and demand of child care
(Hofferth, 1992). However, in the case of child care for children in poverty or for chil-
dren with special needs, availability and affordability are still issues of concern (United
States General Accounting Office, 1999). The child care that parents obtain for their chil-
dren is not necessarily of high quality, because there are no market pressures or regula-
tions that require providers to meet standards of high quality. Parents are frequently
unaware of what would be considered markers of quality (Honig, 1995). They are inter-
ested primarily in safety, convenience, and in the cost of care. Licensing standards repre-
sent the floor of quality. The cost of child care in general, and of infant care in particular,
is very high. It can reach up to 25 percent of the family income in the case of poor 
families (Hofferth, 1992).

The issues pertaining to child care become even more complex for children at bio-
logical, psychological, and/or social risk. Most of the public and scientific debate about
child care has focused on child care for middle-class children, whereas the policy debate
has focused both on child care for middle-class children as well as poor children. Still,
very little attention has gone to children with physical or psychological limitations (Booth
& Kelly, 1998, 1999a,b).

So, even though the use of child care for infants and older children is pervasive, 
the concerns about child care are still on the mind of parents, policy makers, and 
scientists who study child development. In this chapter we will present the historical
changes in maternal employment and childcare use and the challenges to cultural 
beliefs and scientific theory that have stimulated research on child care and its links to
child development. We will then focus on the conceptualization and the assessment 
of child care, the history of research on child care, and on the current state of 
knowledge about the links between child care and child development. We then move on
to present new directions for research on child care which is motivated primarily by the
sociocultural and economic factors that continue to keep the scholarly and public 
interest in child care.
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Historical Changes in Maternal Employment and 
in Nonmaternal Care

The industrial world and developing countries have witnessed recent increases in the labor
force participation of women and in childcare usage. In the 1980s, maternal employment
rates in countries of the European Union increased on the average by 1.8 percent per year
(Maruani, 1992). For example, in Sweden rates of maternal employment have changed
from 59 percent in 1975, 74 percent in 1980, to 85 percent in 1985 (Gustafsson &
Stafford, 1995). In 1966, 35 percent of all Australian women over the age of 15 were in
the workforce. In 1988 the figure rose to 40.6 percent. As in other countries, this increase
pertains to mostly married women and particularly to married women with children
(Bryson, 1989). In Latin America, a growing number of the workforce is female, although
that share is only 26.7 percent, as compared to 40 percent and 41 percent in Canada and
the United States, respectively (Anonymous, 1995). While most industrial countries have
experienced dramatic increases in labor force participation in the last two decades, the
percentage of women holding jobs or seeking jobs has remained around 50 percent in
Japan (Takahashi, 1998). In the United States, women’s labor force participation increased
dramatically in the four decades between 1950 and 1990, increasing from nearly one-
third in 1948 to two-thirds in 1990 (Coleman & Pencavel, 1993; Fullerton, 1999). The
labor force participation of women was accompanied by a dramatic increase in the pro-
portion of mothers in the labor force. From 1968 to 1988, the proportion of young chil-
dren with mothers in the labor force increased from 39 percent to 60 percent (Hofferth,
Brayfield, Deich, & Holcomb, 1991) and in 1994, 55 percent of mothers of infants were
in the workforce (Bachu, 1995). The above pertains to the US population as a whole and
conceals the fact that the rate of employment and the historical changes were not the
same in all segments of the population. For example, rates of employment among African
American mothers have historically been high compared to rates of employment among
European American mothers (Beckett, 1982; McLoyd, 1993).

The increase in working mothers led to an increase in the childcare market and to an
increase in the proportion of young children in child care. For instance, in the United
States, the proportion of children in kindergarten or preschool rose from 21 percent in
1978 to 39 percent in 1985 (Hofferth et al., 1991). According to 1988 US census data, by
age 5, 87 percent of American children were spending some time in school or a preschool
(Hofferth et al., 1991). Confirming such census data, several national studies indicate that
early child care (i.e., for children under 3) has also become an increasingly normative expe-
rience. The rate of early child care for infants/toddlers was 63 percent in the National Child
Care Survey, 1990 (Hofferth et al., 1991), 71 percent in the 1994 Survey of Income and
Program Participation (SIPP; Casper, Hawkins, & O’Connell, 1994), and 76 percent in
the 1996 SIPP. (Casper, 1996). These and other studies also indicate that parents place
infants and toddlers in a variety of childcare settings and use multiple arrangements for the
same child at the same time during infancy or toddlerhood (Hofferth, 1996). In addition,
there is evidence that African Americans have traditionally had disproportionate rates of
single-mother families (Hunter, Pearson, Ialongo, & Kellam, 1998; Randolph, 1995), sug-
gesting a longer history of reliance on nonparental care.
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The most recent historical changes in childcare usage in the United States are associated
with state welfare policies. In 1988 the Family Support Act was passed in the US Congress.
According to this law, parents whose youngest child was 3 years of age were required to work
or prepare for work as a condition for getting financial support. In 1996 the Personal
Responsibility and Work Opportunities Reconciliation Act (PL 104–193; PRWORA) was
passed, requiring mothers of infants older than 6 weeks, who would have previously been
eligible for government support (welfare) during their child’s first three years of life, to enter
the workforce. The law does not guarantee provisions for child care for these families,
thereby stressing the capacity of available childcare arrangements to absorb more children
and making the ground fertile for growth in the number of low-quality childcare settings.

The historical forces are similar around the world. Swadener and Bloch (1997) report
that in many of the newly independent states (NIS) of the former Soviet Union and the
former communist countries of East and Central Europe, governments have been pres-
sured to cut back on social benefits that provided universal, though limited, support to
families with young children. They offer the example of Russia, where many childcare
programs for infants and toddlers have been closed down, and where kindergarten or day-
care programs for 3- to 6-year-olds have decreased from nearly 80 percent coverage to 60
percent (or lower) coverage in the past few years (Bloch, 1996; Smirnova, in progress).

In other countries around the world, the need to compete globally has led govern-
ments to scale down the support for welfare policies. Such policies previously supported
health care, provided mothers of children between the ages of 0 and 3 with support for
staying home with their children, and supported programs for children in their first six
years of life (Swadener & Bloch, 1997). In countries of the European Union, where there
is a long history of organized early care and education for children (primarily Western
Europe), there is a shortage in programs to meet the needs of children under 3 years of
age. In Sweden, the economic pressures are forcing cutbacks in one of the world’s most
generous family support systems (Kallos & Tallberg Broman, 1997). In the five-year
period between 1988 and 1993, however, several countries increased their coverage rates
for younger children. The highest coverage rates are currently found in Denmark and
eastern Germany (Tietze & Cryer, 1999).

This historical review, although brief and incomplete, makes it clear that the world-
wide increase in maternal employment is associated with a decrease in government
support for the nonmaternal care of the young children of employed women. Next we
review the paradox between the reality of increases in the employment of mothers 
of young children and cultural beliefs about the unique role of mother as the central 
childrearing figure.

Child Care as a Challenge to Cultural Beliefs and 
to Scientific Theories

The placement of infants in child care challenges deeply held beliefs and scientific theo-
ries that stress the importance of early exclusive maternal care. A deeply held cultural
belief in the United States is that families have primary, if not sole, responsibility for the

Childcare Research: Taking Stock 663



rearing of their young (Steiner, 1981). By placing an infant or toddler in child care, the
family is relinquishing some of its central responsibilities. This is the case even if it is the
family that selects the childcare provider and requires that certain standards of quality
care be met. The same line of thinking suggests that to the extent that child care is 
regulated or subsidized by the State, the family is handing over central family respon-
sibilities to the State authorities whose childrearing values and goals may not match 
those of the family.

According to scientific theories, a mother needs to get to know her infant, and learn
to understand her infant’s nonverbal and verbal cues so that she can respond to the 
child sensitively. Likewise, through interaction with their mothers, infants come to know
their mothers and to trust them as a source of emotional security and knowledge 
about the world. The sensitivity and responsiveness of the mother and the sense of trust
of the child are at the heart of emotional security and the acquisition of social and cog-
nitive skills (Bowlby, 1973; Brazelton, 1986; Klein & Feurestein, 1985). These theories
do not specify the amount of time that is critical for the formation of healthy
mother–child relationships, nor do they consider the possibility that infants and toddlers
may develop normally and successfully when cared for by childcare providers who are
caring and qualified. Empirical evidence from cross-cultural research challenges such 
theories given that children in nonindustrial societies are reared by multiple caregivers
(Morelli & Tronick, 1991; Tronick, Morelli, & Ivey, 1992; Tronick, Morelli, & Winn,
1987). Likewise, historical analyses suggest that the unique childrearing role that mothers
have in industrial societies is a very recent phenomenon (Cherlin, 1999; Popenoe, 1993).
Based on these examples from other societies and historical times, it is possible to argue
that quality child care and early childhood education programs may not be detrimental
to the well-being of children in their care. Moreover, it has been argued that quality child
care should offset the potentially harmful effects of inadequate or neglectful parenting,
or the effects of being reared in disadvantaged environments, regardless of whether
mothers are employed (Barnett, 1995; Caughy, DiPietro, & Strobino, 1994; Frede, 1995;
Yoshikwa, 1995).

While much information has been collected, the results about the effects of child care
have not been sufficiently consistent to resolve the concerns about the hypothesized
harmful effects of child care on the development of children. Cultural beliefs are very well
entrenched and are not easily dislodged even in the face of scientific evidence. At the same
time, these beliefs and the concerns associated with them lead to a thirst for new infor-
mation. This is evidenced by the enormous policy and media interest for scientific infor-
mation about the effects of child care on children’s development and about the role of
families in the lives of children who are in child care.

Conceptualizing Child Care

The term child care refers to an arrangement for the routine care of children when their
mothers are occupied away from their children. The arrangement is a result of an agree-
ment reached between mothers of young children and others who are willing to provide
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care for children. The arrangement is frequently based on the exchange of fee for service.
Most mothers enter such a routine arrangement to make it possible for them to hold a
job, run a business, or go to school. Some enter such an arrangement in order to allow
them to do volunteer work, carry out social obligations, or be engaged in other activities
that cannot be done at the same time as taking care of a young child.

Some define child care as nonparental care (Lamb, 1997) and have turned the research
lens on child care provided by individuals other than the parents. The assumption 
underlying this definition is that the nuclear family has the primary responsibility for
childrearing. So, as far as childrearing goes, the parents are interchangeable and if the
father is the primary care provider when the mother works, there is no need to evaluate
the possible links between father care and children’s developmental outcomes. Others
define child care as nonmaternal care (NICHD Early Child Care Research Network,
1996, 2000a), thereby including care by the child’s father when the mother works as a
type of child care.

Child care is not a unitary concept. Childcare settings are different along many dimen-
sions. Friedman and Amadeo (1999) have described childcare settings in terms of who
provides care, where care is provided, how care is provided, and the children’s experience
in child care. For example, child care can be described in terms of the identity of the
provider, his or her characteristics (education level; experience as childcare provider) or
relation to the child (grandparent; non-relative). Child care can be provided in the child’s
home or some place else. Children may receive care at a relative’s home, a childcare home,
or a childcare center. The recipients of care may be an individual child or several chil-
dren. The children may be of the same or different ages, of the same gender or ethnic-
ity, or of different gender or ethnicity. The care that is being provided can be highly
professional, with well-planned daily routines for providing experiences that promote
child development, or it can be custodial. Children may experience the childcare setting
as a place with loving adults, with friends to spend time with and to play with. They may
experience it as a place with interesting things to do. At the other extreme are children
who experience child care as a place where adults are harsh, the noise level is high, and
where there is little to do or enjoy. Children vary in terms of the amounts of child care
they experience. Some children are in child care for a few hours per week and others are
in full-time child care, for more than 30 hours per week. Some children experience sta-
bility in child care. Others are going to different settings in any given week or their parents
move them from one childcare setting to another to accommodate family finances and
transient residential patterns.

Others have conceptualized child care in terms of aspects of the environment that 
are directly experienced by the child and in terms of aspects that influence the child 
indirectly. This conceptualization is based on Bronfenbrenner’s ecological model of the
physical and social environment (Bronfenbrenner, 1988, 1999). The physical and social
aspects of the environment that can be experienced directly by the child are the proxi-
mal aspects, whereas those aspects that influence children indirectly are the distal aspects.
For example, children in child care directly experience the way they are talked to and
responded to, the presence of peers and the availability of toys, books, decorations, and
television. They indirectly experience the education level of the childcare provider. This
is the case since providers with higher educational attainment provide higher-quality envi-
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ronment (Burchinal, Roberts, Nabors, & Bryant, 1996; Clarke-Stewart, 1987; Dunn,
1993; NICHD Early Child Care Research Network, 1999a). Children in child care also
indirectly experience the salary their providers receive. Providers with low income levels
tend to leave their jobs for better jobs, thereby leading to instability in the experience of
children in their care. Provider turnover is considered a negative experience for children
and is associated with poorer developmental outcomes (Whitebook, Howes, & Phillips,
1990). The above ways of characterizing child care have guided the development of assess-
ments of the childcare environment.

The Assessment of Child Care

Assessments of the childcare environment need to be tailored to the goals of the assess-
ment. Existing measures of child care are associated with three practical assessment goals
and the conceptualizations associated with these. Friedman and Amadeo (1999) classi-
fied the methods for assessing child care in three ways (1) assessments for state licensing;
(2) assessments for accreditation; and (3) research assessments to scientifically evaluate
the effects of child care on the psychological development of children.

States regulate the care of children in childcare homes (also known as family day care)
and in childcare centers. They require that these settings will meet minimal standards of
health, safety, and quality of care (Kontos, 1991; Phillips, Lande, & Goldberg, 1990).
More specifically, these minimal standards pertain to group size, adult : child ratios, space
requirements, equipment that is easily accessible to children; inaccessibility of cleaning
materials to children; periodic health appraisal of staff; and activities that promote devel-
opment of children’s skills, self-esteem, positive self-identity, and choice of activities (Fiene
& Nixon, 1985).

In contrast to licensing, standards for professional accreditation of individual child-
care providers are very high and those who meet them provide physical, social, and edu-
cational environments that educators and developmental scientists consider of high
quality. In addition to the accreditation of individual providers, childcare centers meeting
very high criteria of quality may be accredited too (Caldwell et al., 1990; National Asso-
ciation for the Education of Young Children [NAEYC], 1991). The accreditation system
evaluates many aspects of child care in great depth (Bredekamp, 1986). Accredited pro-
grams are efficient and carried out with attention to the needs and desires of children,
parents, and staff. The staff must understand children’s development and respond appro-
priately to children’s needs. They are required to demonstrate positive, courteous, and
flexible manner. The interactions between provider and child in accredited programs are
characterized by warmth, personal respect, individuality, positive support, and respon-
siveness. In addition, accredited programs facilitate interactions among children to
provide opportunities for the development of self-esteem, social competence, and intel-
lectual growth.

Researchers have used different methods for evaluating the childcare environment
(Phillips & Howes, 1987; Zaslow, 1991). In a review of such methods, Friedman and
Amadeo (1999) have classified the methods used by researchers into three types:
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1 Descriptive, easy to measure or verify aspects of the environment. These include space
available, group size, provider : child ratio, equipment, cost, and administrative aspects
such as auspices.

2 Global or summary measures of the quality of the childcare environment. The
summary measures are based on instruments that evaluate many aspects of the envi-
ronment. For example, the Early Childhood Environment Rating Scale (ECERS;
Harms & Clifford, 1980) evaluates personal care routines, furnishing, language,
motor activities, creative activities, social development, and adult needs. Another
example is the Infant/Toddler Environment Rating Scale (ITERS; Harms, Cryer, &
Clifford, 1990), which is an adaptation of the ECERS for observation of child care
for younger children. The global summary measures are designed specifically for a
particular type of care. Some are designed for evaluating center care and others are
designed for childcare homes (Family Day Care Rating Scale [FDCRS], Harms &
Clifford, 1984). These instruments have not been used for evaluating care in the
child’s own home or in the home of a relative or a neighbor who does not operate a
childcare home.

3 Experiential measures. These include measures of the age of entry into care, the extent
and stability of care received by the child, the provider’s interaction with the child,
and of the child’s interactions with peers. The Observation Rating of the Caregiving
Environment (ORCE; NICHD Early Child Care Research Network, 1996, 2000a)
is the most comprehensive instrument designed to measure the proximal interactive
experiences of children in child care. The frequency of behaviors indicating sensitiv-
ity, responsiveness, positive or negative affect, and the cognitive stimulation the child
is receiving are recorded. The quality of the caregiving environment is also rated. The
data collectors who record the frequency of the behavioral indicators of quality also
rate the childcare environment using the ORCE rating scales. The ORCE can be used
in different childcare settings, including center care, childcare homes, and care in the
child’s home or in the caregiver’s home.

In general, the assessment of the quality of care is guided by what researchers consider
quality of care based on their value judgments and theoretical orientation. Quality care
is care that leads to outcomes that are valued in our society. In the United States, our
society values children who are curious and imaginative, who use language effectively for
communication, and children who are considerate of peers and adults. We value assertive-
ness but not aggression. We value skill in problem solving, creativity, and academic
achievement. So we look in child care for predictors of such outcomes. These predictors
include sensitivity and responsiveness to children’s positive and negative affect, treating
of children with respect, talking to children and answering their questions. The childcare
predictors also include the extent to which childcare environments facilitate learning and
positive interaction among peers. The more distal measures of quality include adult : child
ratio, group size, provider educational level, and the provider’s training in child develop-
ment. These distal aspects of the childcare environment are childcare characteristics 
that set the conditions for higher-quality proximal care (Phillips & Howes, 1987). For 
a summary of the relations among the different measures of the childcare environment,
see Friedman and Amadeo (1999).
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The History of Research on Child Care and its Links to 
Child Development

When we encounter new people or visit new places our attention is drawn to their most
striking features. We notice if the new individual is male or female, young or old, African
American or European American. We judge new places in terms of their size, beauty, and
similarity to places we know. As we get more familiar with people or environments, we
pay attention to finer and finer details, many of which cannot be immediately apparent.
The same is true about scientific research. Investigators start with simple questions and
later move to ask more complex ones. Even though some primary questions may con-
tinue to guide research for prolonged periods of time, the research methods that are used
to answer the questions may change in the direction of increasing sophistication, leading
to new findings and new questions. In this vein, one can think about the research enter-
prise in the area of child care as consisting of waves that rise and recede. The waves bring
changes in investigators’ conceptualization of critical questions, in the sophistication of
research methodology, and in the historical reality pertaining to maternal employment
and to the supply and demand for child care. We have borrowed the metaphor of “waves”
and the parsing of the flow of the history of research in the area of child care from others
who wrote before us (Belsky, 1984; Hayes, Palmer, & Zaslow, 1990).

The First Wave of Research

The research concerning the effects of child care was first guided by a general fear about
the detrimental effects of separating children from their mothers. There was concern that
the development of children in child care may be compromised similarly to the devel-
opment of children separated from their mothers for weeks or for years, as was shown by
the literature on institutionalized and hospitalized children. Children who experience
long-term separations were believed to experience acute distress syndrome, conduct dis-
orders, problems in forming relationships, and intellectual deficits (Bowlby, 1973; Freud
& Burlingham, 1944, 1973; Goldfarb, 1943; Provence & Lipton, 1962; Ribble, 1965;
Robertson & Robertson, 1971; Spitz, 1945; Wolkind, 1974). Although psychologists
came to learn that the lack of human relationships and intellectual stimulation charac-
teristic of institutions was very different from the experiences characteristic of childcare
environments, questions about the effects of child care remained. Therefore, the scien-
tists contributing to the early wave of research wanted to find out if the development of
children experiencing nonparental care was different from the development of children
who were not placed in child care. Did child care have different effects on children
depending on their family background? Were childcare effects different in different devel-
opmental outcome domains (cognition, language, peer relations, relations with mother)?
In response to these questions, the first wave of research provided the valuable informa-
tion that childcare participation was not predominantly harmful to children’s develop-
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ment, and in some cases was even beneficial (e.g., Barnett, 1995; Caughy et al., 1994;
Frede, 1995; Hayes et al., 1990; Yoshikwa, 1995).

The first wave of research was based on comparisons between children in child care
and children reared at home by their mother. These first-wave studies, however, had
methodological limitations. For example, the children in nonmaternal care were drawn
primarily from high-quality, often university-based childcare centers, which represent only
one of several types of nonmaternal care. These studies rarely examined individual dif-
ferences among children (such as the age, sex, race, temperament, or health status of the
children; the number of hours children spent in care; or the age at which the children
entered care). Furthermore, variations in the family background of the children or the
impact of the family environment on the development of the children were not taken
into consideration. Variations in family characteristics and childrearing practices may be
responsible for both the choice of child care and for the developmental outcomes for chil-
dren in child care. In fact, family research showed that variations in family characteris-
tics are associated in a predictable way with variations in children’s developmental
outcomes (e.g., Belsky, 1990; Bradley, Caldwell, & Rock, 1988; Hart & Risley, 1995).
Moreover, research in later waves shows that the circumstances and characteristics of a
family are strong determinants of age of entry into child care, as well as the type and
quality of child care that families choose for their children (e.g., Kontos, Howes, Shinn,
& Galinsky, 1997; NICHD Early Child Care Research Network, 1997a; Singer, Fuller,
Keiley, & Wolf, 1998). Consequently, it is possible that the results found in the first wave
of studies could be attributed, at least partly, to variations in family circumstances and
characteristics rather than to childcare participation.

Although the first wave of research focused on center-care programs, most infants and
young children had not been enrolled in center-based care. Between 1965 and 1993 
there has been a continuous increase in the percentage of children enrolled in center 
care during the first, second, and third year of their life (Hofferth, 1996). In 1995 
7 percent of children were enrolled in childcare centers before they were 1 year of age,
11 percent of 1-year-olds, 19 percent of 2-year-olds, and 41 percent of 3-year-olds were
enrolled in center care (National Center for Education Statistics [NCES], 1996). With
these figures in mind, the extent to which one can generalize from the first wave of 
studies is not known. It would probably be unwise to use findings from these studies as
a base for statements about the link between childcare homes, care by a relative, 
or care in the child’s home by a non-relative and children’s development. In addition,
while these early studies were based on presumably model programs of high quality, the
investigators did not actually examine the quality of the care that children received (e.g.,
Field, 1991, 1994). Yet, knowing the quality of the childcare setting is important. Child-
care settings, like families, vary in terms of the quality of the environment and the care
that they provide (Helburn, 1995; NICHD Early Child Care Research Network, in
press). In the same way that the quality of the home environment has been shown to
impact children’s development, it is reasonable to expect that variations in the quality of
the childcare environment will have an independent impact on the developmental out-
comes of children. This idea propelled the second wave of studies regarding the effects of
child care.
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The Second Wave of Research

The second wave of research included key demographic variables in analyses and sampled
from ethnically and economically diverse populations. It focused the scientific inquiry on
the link between variations in the quality of childcare settings and the development of
children. Quality was frequently assessed with composite measures that evaluated the
optimal use of space, materials, and experience to enhance the daily schedules, supervi-
sion, and development of the children. The second wave of studies shows that higher
quality of care is associated with better developmental outcomes both in the cognitive
and the social domains. Most of the findings were from studies in which the quality of
care data and the developmental outcome data were collected at the same time. For
example, McCartney (1984) found that center quality, measured in terms of adult utter-
ances to children, predicted children’s concurrent scores on the Adaptive Language Inven-
tory as well as their free speech samples. Howes and Olenick (1986) found that children
in low-quality child care were less compliant and more resistant than those in higher-
quality child care. But similar results were found in longitudinal studies, where quality
of care affected developmental outcomes measured years later (Howes, 1988; Vandell,
Henderson, & Wilson, 1988).

While the results of the second wave of research show that quality is an important pre-
dictor of developmental outcomes, they did not provide information about the relation
between specific aspects of quality and specific developmental outcomes. Neither did they
assess the magnitude of improvement of children’s development that is associated with
the quality of child care. These very encouraging findings from wave two about the pos-
itive effects of the global quality of child care have served as an invitation for further
investigation of the features of quality of care, when, why, and for whom they influence
developmental outcomes.

The Third Wave of Research

The third wave of childcare research focused on the linkages between family and child-
care environments. The results were mixed. Some studies showed no relations between
family demographic characteristics and quality of child care (e.g., Howes, 1983; Howes
& Olenick, 1986; McCartney, Scarr, Phillips, Grajek, & Schwarz, 1982). Other studies
showed that parental education, occupational status, income, values, and behaviors were
associated with the quality of child care most children experienced (Anderson, Nagle,
Roberts, & Smith, 1981; Goelman & Pence, 1987; Kontos & Fiene, 1987; NICHD Early
Child Care Research Network, 1999c, 2000b). More favorable family circumstances and
more child-oriented values and behaviors were associated with higher quality of care in
childcare settings. Low-income families with access to subsidized child care were the
exception, since their children, who frequently experienced stressful and otherwise com-
promised family circumstances, were placed in high-quality child care (Ruopp, Travers,
Glantz, & Coelen, 1979; NICHD Early Child Care Research Network, 1997a). The ways
in which both the characteristics of the family and the features of child care influence
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children’s development were also addressed by investigators of third-wave studies (e.g.,
Clarke-Stewart, Gruber, & Fitzgerald, 1994). Another focus of the third wave of research
was on the link between the age of entry into care and the children’s developmental 
outcomes. Howes (1990) found that initiation of low-quality full-time care in the first
year of life was associated with the most detrimental developmental outcomes. Lamb,
Sternberg, and Prodromidis (1992) found that insecure attachments were more common
among children who were enrolled in child care between the ages of 12 and 17 months
rather than at earlier ages.

The Fourth Wave of Research

It was becoming clear to developmental psychologists, especially those influenced by
Bronfenbrenner (e.g., Bronfenbrenner & Crouter, 1983) who emphasized the importance
of studying the details of contexts of development, that child care is only one of the envi-
ronments in which children spend time. Thus, its effects cannot be understood without
an understanding of how childcare characteristics interact with other factors that shape
children’s development. There are many features within any one setting, all of which
should be examined separately, yet in context, in order to understand how these features
work to influence children’s development. Investigators have generally agreed that studies
of child care and of the effects of child care would need to include childcare settings that
vary in quality and type (center, childcare homes, relative care, in-home care by non-
relative). Such studies would need to focus on the development of children from all walks
of life – children who vary in terms of their economic background, their ethnicity, and
family structure. Also, both healthy children and those who have developmental disabil-
ities would need to be included. The children’s rearing environments (family and child
care) would need to be studied at similar levels of detail. Different facets of the children’s
development would need to be examined over time. The follow-up study of the same
children and the contexts of their development would allow conclusions to be drawn
about changes over time in the care children receive at home and away from home. 
It would also provide the opportunity to learn how characteristics of the children’s 
environments, as these unfold over time, influence the development of the children as
they mature.

Yet, the best that could be done toward the goal of surmounting the limitations of
small studies was to aggregate information from such studies. This was done through
reviews of the scientific literature and through meta-analyses. Reviews of the literature or
meta-analyses (Belsky, 1988, 1990; Clarke-Stewart, 1989; Lamb, 1997; Lamb et al.,
1992) are based on published reports, each of which has its methodological limitations.
Also, reviews of the scientific literature and meta-analyses are of necessity unrepresenta-
tive of the phenomena that they describe. This is the case because scientific literature, by
definition, includes only studies in which statistically significant results have been found.
Research that has not led to statistically significant results is not likely to have been pub-
lished, even though the lack of statistically significant findings may reflect the fact that
no effects exist – not only in the study, but perhaps also in the larger universe of events
that the study samples or represents (Mann, 1990; Roggman, Langlois, Hubbs-Tait, &
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Rieser-Danner, 1994). Given the limitations of reviews of small studies and of meta-
analyses, scientists need to use designs that overcome the limitations of previous 
research. Prospective and comprehensive large-scale studies of diverse samples, or of
nationally representative samples, could provide a balanced picture of the care that 
children receive, and how characteristics of such care influence child development, but
such studies were not yet available.

In the absence of large and comprehensive prospective studies that could provide some
of the information described above, investigators turned to the National Longitudinal
Survey of Youth – Child Supplement (NLSY). This is an ongoing study with the purpose
of collecting child development information on children born to female respondents of
the 1979 cohort of the National Longitudinal Survey of Youth. By 1994 NLSY included
data on the more than 10,000 children ever born to the female respondents from the
1979 cohort (West, Hauser, & Scanlan, 1998). The NLSY79 includes an overrepresen-
tation of black, Hispanic and (through 1990) economically disadvantaged European
American respondents. The wealth of information about the mothers, their children and
families is in the public domain and available to interested individuals at low cost. Infor-
mation regarding the 1979 cohort can be accessed at http://stats.bls.gov:80/nlsy79.htm
and regarding the child and young adult data at http://www.chrr.ohio-state.edu/NLSY79-
ChildYA/. The data afford analyses regarding the effects of parental characteristics and
experiences on the well-being and the development of their children. Retrospective data
about child care allow analyses about the effects of child care on the development of the
children (Baydar & Brooks-Gunn, 1991; Belsky & Eggebeen, 1991; Mott, 1989). Like-
wise, the data set has been useful for answering questions about the relations between
maternal employment and child care, policy issues and child care, and family choices
about child care and childcare availability. (For publications based on the study, access
http://www.chrr.ohio-state.edu/nls-bib).

Another example of a large data set that is amenable for analyses pertaining to the
development of children of employed mothers is the British National Child Development
Study (NCDS), which is described in the National Research Council report on longitu-
dinal surveys of children (West et al., 1998). The sample size is approximately 16,500
and includes all persons born in England during the week of March 3–9, 1958. In 1991,
a random sample of children of a third of the respondents was added. A recent report
based on 1700 families from this data set addresses the links between maternal employ-
ment and children’s reading, math, and behavioral adjustment in the second generation
of NCDS (Joshi & Verropoulou, 1999; hj@cls.ioe.ac.uk).

Since it became apparent that answering the many important questions about child
care and its effects would require large-scale prospective research, in 1989 the National
Institute of Child Health and Human Development (NICHD) initiated the NICHD
Study of Early Child Care (NICHD Early Child Care Research Network, 1998b, 
in press). Soon afterwards NICHD supported a parallel investigator-initiated study 
of children with developmental disabilities (Booth & Kelly, 1998, 1999a,b; Kelly &
Booth, 1999). The NICHD Study of Early Child Care is the most comprehensive 
longitudinal study conducted to date to determine the conditions under which family
and out-of-home experience enhance and/or undermine children’s psychological and
physical health over time. Toward this end, a large team of researchers, including 
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psychologists and physicians from NICHD and from universities across the United 
States, have collaborated to study more than 1300 children born in 1991 in hospitals
located in the vicinity of ten research sites. What is especially noteworthy about this work
is its focus upon diverse families, diverse out-of-home experiences, and diverse scientific
methods to measure experiences in the family, in child care, preschool, kindergarten,
school, and after-school care. Diverse scientific methods were also applied to the 
study of the children’s psychological and health development. Results to date pertain to
quality of child care, the choices families make when selecting child care, and to the 
effects of family characteristics and childcare characteristics on the cognitive, social, and
health development of children in the first three years of life. (For details see the next
section.) Analyses are in progress regarding child development through first grade and
new data collection pertaining to the middle childhood years is in progress. The data set
with data from the children’s first three years of life is now available for interested inves-
tigators. (For details about the study, access www.nichd.nih.gov/crmc/secc or contact
friedmas@exchange.nih.gov.)

In light of the above discussion about the limitations of small studies, it is not sur-
prising that the NICHD Study of Early Child Care published papers with results that
indirectly question the validity of findings of smaller-scale studies. For example, the
NICHD Study found that age of entry into child care, the number of hours children
spend in child care, childcare quality, or the number of childcare settings children
attended during the first 15 months of their life did not affect their security of attach-
ment to their mothers. However, children of mothers who were at the low end of the
continuum in terms of their sensitivity and responsiveness were at risk for insecure attach-
ment when they were in more than minimal amounts of child care, more than one care
arrangement, or in poor-quality care (NICHD Early Child Care Research Network,
1997b). Other examples are to be found in the next section.

While the NICHD Study of Early Child Care has a relatively large and diverse sample,
it is not a nationally representative study. The Early Childhood Longitudinal Study Birth
Cohort 2000 (ECLS2000) will provide information about a nationally representative
sample of about 15,000 children born during the calendar year 2000. The sample will
consist of children from various racial, ethnic, and socioeconomic backgrounds.
ECLS2000 will provide national data about (1) the development of children from birth
through first grade; (2) the transition to nonparental care, to early education programs,
and to school; and (3) children’s progress during preschool, kindergarten, and first grade.
Like the NICHD Study of Early Child Care, the design of the ECLS2000 is guided by
the ecological model, according to which children’s development depends on the inter-
action between the child, family, care and education programs, and the community. Pre-
liminary data are promised for the year 2002. (For further information, the e-mail contact
is jerry_west@ed.gov.)

Another large study of child care was initiated in September, 1995 by the Adminis-
tration on Children, Youth, and Families (ACYF). Approximately 3000 children under
12 months of age and their families were randomly assigned to the Early Head Start
Program or a comparison group at 17 different sites in the United States. The families
met Head Start eligibility guidelines and included approximately 10 percent infants and
toddlers with disabilities. The Early Head Start Research and Evaluation Project has five
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components, one of which is an impact evaluation to study in depth the effects of the
programs on children, parents, and families, using an experimental design descriptive
study. The data set was released in the year 2000. (Further information can be obtained
from jlove@mathematica-mpr.com.)

The fourth wave of research also includes randomized field trials designed to test
various welfare and employment policies that include measures of parental psychological
status, family functioning, parenting, nonparental care, and child outcomes. Examples
include the New Chance Demonstration, the National Evaluation of Welfare to Work
Strategies (formerly the JOBS Evaluation), the Self-Sufficiency Project, the New Hope
Demonstration, and the Connecticut’s Work-First Program. (The details regarding these
and other similar studies are available on a website maintained by the Research Forum
on Children, Families, and the New Federalism; http://www.researchforum.org.) For
example, New Chance, a voluntary program available to young mothers on welfare in 16
sites across the United States, offered its participants education, training, free child care,
and other services. A link between child care and mother-reported behavior problems was
found (Bos & Granger, 1999). On examining the role of possible mediators in produc-
ing this finding, Bos and Granger found that instability in childcare arrangement 
might have caused the effect. In addition, the analyses suggested that center-based child 
care may benefit children, especially boys, as it increases their performance on a school
readiness test.

The research methodology pertaining to child care and its links to child development
has evolved over the years. It started with small studies of samples of convenience 
with no consideration to variations among children in terms of their family background
and experiences. Child care was conceptualized as nonparental care or nonmaternal 
care, but variations in the childcare experience in terms of age of entry, hours of care, or
quality of care were not considered in the early studies. Over the years researchers 
focused their attention on more and more aspects of the childcare setting and on the 
children’s experiences in child care. Likewise, the idea that optimal conditions of child
care may vary with the child’s age influenced the assessments used for the evaluation of
the childcare environment. The need to statistically control for family characteristics
became more obvious and the assessments of family control variables became more 
differentiated with time. Questions about the specificity of quality and of the links
between aspects of childcare quality and children’s developmental outcomes came to 
dominate the research agenda. In parallel, researchers came to realize that child care and
its links to developmental outcomes may vary for children from different family 
backgrounds or with different developmental limitations or needs. The increasing 
domination of the ecological theoretical model as a framework for studying human 
development on the one hand, and the increased interest in studying nationally repre-
sentative samples on the other hand, have led to the most recent wave of large-scale lon-
gitudinal studies that collect data about child care as a tool that families use in rearing
their children. Following is a brief description of the state of scientific knowledge 
about (1) the links between child care and children’s development, and (2) the relations
between family characteristics and the development of children who experienced child
care in infancy.
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The State of Knowledge about Child Care and Child Development

Most of the scientific literature regarding child care and developmental outcomes does
not allow us to draw conclusions about the influence (causal effects) of child care on the
development of children. The same literature can, however, tell us about the links or asso-
ciations between child care and children’s performance in different domains, such as the
social, emotional, and cognitive areas of development. This is the case because in most
of the studies that were conducted the researchers did not randomly assign children to
the childcare group or to the exclusive maternal care group. Instead, children were studied
in the settings that their parents selected for them; and, therefore, the findings may be
due not to child care but rather to family characteristics that determine both the selec-
tion of child care and the developmental outcomes of children. It is known that the deci-
sions of parents as to whether or not to place their children in child care are determined
by family circumstances. Likewise, the decisions about the age at which the child is placed
in child care, the number of hours the child spends in child care, and the quality of care
that the child experiences are all determined by family characteristics such as family
income, ethnicity, maternal attitudes, and the quality of mothering (NICHD Early Child
Care Research Network, 1997a). These same family characteristics are also known to
predict children’s developmental outcomes (e.g., Baumrind, 1989; Bornstein & Tamis-
LeMonda, 1989; Friedman & Cocking, 1986). In order to increase the likelihood that
the links that are found between child care and children’s outcomes are due to child care,
recent studies have statistically controlled for the association between family variables and
children’s developmental outcomes. Yet, the study designs (natural history rather than
experimental designs) and the analytical methods used limit our findings to ones per-
taining to associations among variables and, consequently, interpretations of cause and
effect are not warranted.

Child Care and the Development of Children Who Experienced 
Child Care in Infancy

Child care and security of attachment

One focus of intense investigation by researchers of child care was the relation between
child care and the child’s sense of trust in the mother (security of attachment). Building
on Bowlby’s theory of attachment (Bowlby, 1973), there was reason to be concerned about
the possibility that routine daily separations from the mother would be associated with
less opportunity for the infant and his or her mother to form close and warm relation-
ships that are characterized by maternal sensitivity to the needs of the infant and the
infant’s trust in the mother as a source of security (Barglow, Vaughn, & Molitor, 1987;
Jaeger & Weinraub, 1990; Owen & Cox, 1988). The studies that ensued indirectly 
validated the theoretically driven concern as shown by several analyses based on clusters
of small studies (Belsky & Rovine, 1988; Clarke-Stewart, 1989; Lamb et al., 1992). For
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example, in the analysis by Belsky and Rovine (1988), 43 percent of the infants in early
and extensive care were classified as insecurely attached to their mother, while only 26
percent of the infants with more limited childcare exposure were insecurely attached. The
hypothesis that routine daily separations from the mother interfered with the cultivation
of maternal sensitivity and the building of the child’s trust in the mother was not directly
validated, however. The studies did not evaluate maternal sensitivity and the findings
could still be attributed to the childcare experience in itself. Relevant evidence comes from
studies of mother–child interaction where the mother’s sensitivity and responsiveness are
evaluated. The majority of such studies did not find statistically significant links between
the amount of child care and mothers’ behaviors toward their young children (e.g.,
Burchinal, Bryant, Lee, & Ramey, 1992; Egeland & Heister, 1995). However, the
NICHD Early Child Care Research Network (1999c) found that the more hours 
the child spent in child care, the less responsive the mother and the less engaged the 
child. Similar results are reported by Belsky (1999) and by investigators who focused on
the first six months of life (Campbell, Cohn, & Meyers, 1995; Stifter, Coulehan, & 
Fish, 1993).

More recently, two studies (NICHD Early Child Care Research Network, 1997b;
Roggman et al., 1994) failed to replicate the attachment findings from earlier studies.
This lack of replication may be due to differences in the characteristics of the mothers
participating in the early as compared to the more recent studies. There were more
mothers in the workforce at the time the latter studies were conducted. In addition, there
was greater cultural awareness about issues pertaining to child care and to the negotia-
tion of women’s dual roles as mothers and employees. These conditions may have allowed
the mothers in the latter studies to be more confident about their employment and more
sensitive to the needs of their children.

Child care, social competence, and behavior problems

Investigators of the association between child care and children’s development were con-
cerned about the possibility that children in child care may be less socially competent and
have more behavior problems. Since families have an important role in socializing their chil-
dren, it was argued that the role of the family might be diminished when children are in
child care, thereby leading to less favorable outcomes among children in child care. Studies
of the effects of maternal employment or of child care on the social adjustment of children
found statistically significant associations between child care or maternal employment
status and social adjustment, so that children in child care were at higher risk for poor social
adjustment. The findings emerged in studies that controlled for family variables as well as
in studies that did not have this methodological advantage (Baydar & Brooks-Gunn, 1991;
Belsky, 1988, 1990; Crockenberg & Litman, 1991; Egeland & Heister, 1995). However,
the NICHD Study of Early Child Care found little evidence that early, extensive, and con-
tinuous nonmaternal care was related to problematic child behavior (NICHD Early Child
Care Research Network, 1998a). Finally, it found that among the childcare predictors,
childcare quality was the most consistent predictor of child’s social functioning, with better
quality associated with better outcomes and lesser quality associated with poorer outcomes
(NICHD Early Child Research Network, in press).
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Child care and cognitive and language development

Not only were researchers concerned about the effects of child care on the socioemotional
development of children, they were also concerned about the effects of child care on cog-
nitive and language development. Socioemotional and cognitive/linguistic development
are believed to be interdependent (e.g., Kopp, 1997; Lazarus, 1991; Lewis & Michalson,
1983). Therefore, the assumed disruption of the parent–child relationship due to exten-
sive child care could lead to negative effects on cognitive development (e.g., van 
IJzendoorn, Dijkstra, & Bus, 1995). The evidence about the effects of the amount of child
care on cognitive and language development has been mixed (e.g., Hayes et al., 1990;
Lamb, 1997). Some studies reported a positive relation between the amount of infant
care to school performance in middle childhood (Andersson, 1992; Broberg, Wessels,
Lamb, & Hwang, 1997; Field, 1991). Some reported that early positive effects dissipated
over time (Chin-Quee & Scarr, 1994). Others reported poorer later performance for chil-
dren who received extensive child care when they were infants (Baydar & Brooks-Gunn,
1991; Joshi & Verropoulou, 1999; Vandell & Corasaniti, 1990). In the NICHD Study
of Early Child Care, the relation between amount of child care in the first three years of
life and the cognitive and linguistic performance of the children was not statistically sig-
nificant (NICHD Early Child Care Research Network, 2000b). The picture emerging
from studies of the relations between the quality of child care experienced during infancy
and children’s cognitive and language development is more consistent. Higher quality of
care is associated with better performance (Burchinal et al., 1996; Galinsky, Howes,
Kontos, & Shinn, 1994; Howes & Smith, 1995; Howes, Smith, & Galinsky, 1995;
NICHD Early Child Care Research Network, 2000b; Phillips, McCartney, & Scarr,
1987). Moreover, children in child care were not found to perform less well than chil-
dren in exclusive maternal care on assessments of cognitive and language development
(NICHD Early Child Care Research Network, 2000b).

Summary

The scientific literature about the association between child care and child development
is rather mixed and difficult to summarize. The mixed findings are partly due to the fact
that most of the studies were based on small and homogeneous samples of children.
Perhaps the only thread that runs through the various studies is that the quality of the
childcare environment makes a difference. That is, high-quality care is associated with
better developmental outcomes.

Relations between Family Characteristics and the Development of Children 
Who Experienced Child Care in Infancy

Family circumstances, as well as specific maternal attributes, attitudes, and behaviors, have
been found to influence the development of children who are in child care (e.g., Clarke-
Stewart et al., 1994; NICHD Early Child Care Research Network, 1998b, 1999c,
2000b). More privileged environments, with more economic resources, higher maternal
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educational level, higher-quality homes, more sensitive and cognitively stimulating
mothers were associated with better psychological outcomes for children who were 
in child care during their infancy. These results are similar to findings pertaining to chil-
dren who are not in child care (e.g., Baumrind, 1989; Bornstein & Tamis-LeMonda,
1989; Friedman & Cocking, 1986). Evidence from a number of studies (Barglow et al.,
1987; Jaeger & Weinraub, 1990; Owen & Cox, 1988) suggested that nonparental 
care experience in the early years might attenuate the influence of families on the 
development of their children. Howes (1990) found that parental involvement and 
persistence in managing children’s behaviors were consistently stronger predictors 
of social and cognitive developmental outcomes of preschool and kindergarten 
children who were not placed in child care in infancy than they were for children who
experienced infant child care. Dunham and Dunham (1992) found that maternal verbal
behavior when the children were 13 months of age was predictive of children’s 
vocabulary for children who were not in child care but not for children in extensive child
care. However, findings from the NICHD Study of Early Child Care suggest that family
characteristics predict to the development of all children (NICHD Early Child Care
Research Network, 1998b). The NICHD study compared matrices of correlations
between family predictors and developmental outcomes for children in extensive child
care (>30 hours per week) and for children in exclusive maternal care (<10 hours of child
care per week). No differences between the matrices were found. In other words, family
demographic, personality/attitudinal and mothering/relationship variables predicted
social and cognitive developmental outcomes similarly, regardless of the amount of time
in care.

Directions for Future Research

Despite the growing body of research on child care and its links to maternal employ-
ment and to children’s development, gaps still remain in our knowledge base. The 
focus of current research needs to be expanded to include more infants and toddlers, 
more economically disadvantaged children, more ethnic minority children (in the 
United States these include African American, Asian American/Pacific Islander, 
Native American/American Indian, and Hispanic/Latino children), and more children
with developmental disabilities. Since child care ought to help families rear their 
children, there is a need to better understand the families of children in child care, their
expectations from child care, and the influence that child care has on these families. 
There is also a need for conceptual work and scientific research about the features of
quality of child care for children of different cultural backgrounds. The ecological 
perspective (Bronfenbrenner & Crouter, 1983) indicates that the effects of child care 
are not independent of sociocultural and sociopolitical contexts such as the family, social
and public policies, culture, belief systems, and societal values (Swadener & Bloch, 1997).
In the following section, we offer suggestions to (1) expand the research focus on 
child care to include a broader ecological perspective and (2) sharpen the research focus
on childcare quality.
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Expanding the Research Focus to Include a More Diverse Group of Children

While some societies are quite homogeneous in their populations (e.g., Japan and
Denmark), other societies are characterized by diversity, due either to a long history or
to recent migrations (e.g., the United States and the European Union). Racial and ethnic
diversity are associated with differences in childrearing values and goals which have their
origins in historical and cultural differences. Yet, the scholarly literature about child care
in countries characterized by diversity has not addressed the question as to whether or
not parents should seek to share the responsibility of transmitting their cultural values
with the people who help them rear their children while the parents are at work.

Consider the case of the United States, where historically the social fabric has been
ethnically and culturally diverse. The history of maternal employment and of child care
for the different segments of American society has not been the same. African American
women were more dependent than other women on income that they could generate
themselves and entered the workforce before European American women ( J. McAdoo,
1993). Consequently, the experience of African American families with nonmaternal care
has a longer and more extensive history than the experience of families from other groups.
That experience is not well documented and has not guided research about the expecta-
tions of families, the quality of care children have been receiving, and the links between
child care for African Americans and the development of African American children. At
present, in the United States children of color, particularly immigrant children, consti-
tute the fastest-growing segment of the US population (H. McAdoo, 1993; The Urban
Institute, 1999). Yet, these children and their families are underrepresented in the current
scientific literature on child care and child development. The cultural values associated
with childrearing among African Americans, Asian Americans, Native Americans, and
Hispanic/Latinos are overlapping with but not identical to those among European 
Americans (for review, see Parke, 1997). These cultural differences as well as differences
in the language the child hears and uses at home have implications for the expectations
that parents may have for child care (Buriel & Hurtado, 1998). Likewise, they may 
have important implications for the promoting or inhibiting nature of the childcare envi-
ronment into which children must fit (Garcia Coll et al., 1996). While there has been
some public debate about the extent to which schools should foster the language and 
cultural heritage of Hispanic/Latino and African American children, the discussion about
culturally related practices has only recently emerged in relation to child care and has not
been investigated scientifically. Having reviewed the literature about child care, Johnson,
Jaeger, Randolph, Cauce, and the NICHD Early Child Care Research Network (working
paper) have concluded that research on child care for racial/ethnic minorities deserves
special scrutiny.

There is also an increasing need for research about the role of infant child care in the
development of children from diverse economic backgrounds. In particular, an expanded
focus is needed for two groups of children: those whose families are on welfare and chil-
dren in working poor families who do not take up (or are ineligible for) public assistance.
Recent changes in maternal employment and childcare rates in the United States are asso-
ciated with a law enacting welfare reform – the Personal Responsibility and Work Oppor-
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tunity Reconciliation Act of 1996 (PRWORA). As already described earlier in this
chapter, the law requires that persons who enroll in the welfare program, even single
mothers of infants and toddlers, must enter the workforce, and to do so, must attend
school or job training, beginning in some cases as early as six weeks after the child’s 
birth. Moreover, there is now a lifetime limit on the number of years that an individ-
ual/family may be on the welfare rolls, although some exemptions apply. Prior to the
1996 PRWORA, welfare parents with infants and toddlers could stay at home with 
their children, or if they desired to work or seek job training they were guaranteed 
childcare assistance. The impact of welfare reform on the childcare market has been an
increasing demand for slots, particularly for infants and toddlers. Some of this demand
is met through subsidies to existing centers and family day-care homes that are licensed
or regulated. However, it is expected that a large part of the demand is being (and 
will continue to be) met by placing children in unregulated settings of unknown 
quality. Research is sorely needed to examine the impact of child care on these children’s
development.

Although in the United States one-sixth of all poor children live in families who rely
solely on public assistance for income (National Center for Children in Poverty, 1999),
many young children live in working poor families. Children in working poor families
are defined as those whose parents are working at least 35 hours (combined for two
parents) in two-parent families, or in the case of a single-parent family, the parent is
working at least 20 hours a week; and the family income is below the poverty line
($16,036 for a family of four in 1996; Child Trends, 1999). Recent research shows that
family income is linked to age of entry of children into care, number of hours children
spend in care, type of care (e.g., center, family day-care home, etc.), and to quality of care
(Kontos et al., 1997; NICHD Early Child Care Research Network, 1997a; Phillips,
1995). Additional research is needed to examine the independent and combined contri-
butions of poverty/low income status and various childcare features on very young chil-
dren’s development (NICHD Early Child Care Research Network, 1999a,b; Phillips,
1995).

Children with developmental disabilities have received very limited attention from
childcare researchers (see Booth & Kelly, 1998, 1999a,b). Infants with disabilities include
those with developmental delays of unknown origins, infants with Down’s syndrome, and
those with delays due to causes such as severe respiratory distress syndrome, abnormal
neurological signs, severe chronic illness, neonatal seizures, and failure to thrive. Infants
with disabilities start child care at later ages than other children, they are in care for fewer
hours, they are more frequently cared for by a relative than by a non-relative or are in
more formal care arrangements (Booth & Kelly, 1998). One of the most important prob-
lems reported by parents of children with disabilities pertains to child care (Axtell,
Garwick, Patterson, Bennet & Blum, 1995; Bailey, Blasco, & Simeonsson, 1992; 
Freedman, Litchfield & Warfield, 1995; Herman & Thompson, 1995; Horner, Rawlins
& Giles, 1987; Palfrey, Walker, Butler, & Singer, 1989). The issue of childcare availabil-
ity is particularly acute since childcare providers are not always able or willing to accept
children with special needs into their care arrangements (e.g., Berk & Berk, 1982; Chang
& Teramoto, 1987). Parents are also faced with logistical problems such as distance from
home or transportation between programs, or with caregivers who are not well trained
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to provide optimal care for their children (Klein & Sheehan, 1987). The number of prob-
lems that families face increases with the severity of their children’s disability. Thus, while
families of children with special needs account for a small percentage of the population,
they are in need of child care and there needs to be a scientifically based understanding
of the conditions under which these children thrive.

Expanding Research on the Families of Children Who Are in Child Care, 
on Care Providers, and Employers

When childcare researchers started to take into account differences among the families
of the children in child care, they first focused on the socioeconomic status of the family
but ignored family structure and sociocultural factors and their links to child care and
child outcomes. The merit of including family structure variables is based on results from
demographic research. Hofferth et al. (1991) found that mother-only families use child-
care centers at higher rates than two-parent families (38 percent vs. 26 percent for chil-
dren under 5), and have lower rates of parental care (1 percent vs. 31 percent). Further,
mothers in mother-only families worked more hours per week than mothers in two-parent
families (40 hours vs. 33 hours). Race/ethnicity was found to be related to family struc-
ture and maternal hours of employment. African American and Hispanic/Latino families
were more likely than European American families to be extended (i.e., include inter-
generational members; Hofferth et al., 1991). African American mothers worked more
time than other mothers did, probably because they are more likely to be in mother-only
families. Therefore, the interplay of these family structural and sociocultural factors as
linked to childcare decisions and childcare consequences may lead to a deeper under-
standing of the links between families, child care, and child development.

In addition to focusing on the family socioeconomic status, investigators of child care
have recently focused on the role of the mother in relation to child care and the devel-
opment of children who are in child care. That focus led to the examination of maternal
attributes, attitudes, and behaviors. We recommend that the role and influence of other
family members also be considered in this research arena.

Family decisions about child care are frequently thought about as mothers’ decisions.
The extent to which this is true needs to be investigated. For example, Parke (1997)
reports on the prominent role that African American grandmothers and husband-father
figures have in making childrearing decisions. So, both parents and other kin may be
important in shaping family decisions about when to start care, for how many hours,
what type of care to select, and what quality of care to look for. It is also worth studying
the extent to which being cared for by people with whom the mother and her children
will continue to be in touch in contexts other than child care is the same as being cared
for by people who interact with the child and his or her parents only over the business
of child care.

We also believe that research needs to include a focus on family characteristics that
have been neglected before. Here we refer to family cohesion, family strengths (e.g., rou-
tines, rituals, social support), family conflict, household and family composition, parents’
mental health, parents’ race/ethnicity, country of origin, assimilation and acculturation.
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This is particularly important in the United States, where it is projected that from the
year 2000, the majority of children will be of ethnic minority descent (primarily 
Hispanic/Latino, African American, and Asian American; Fisher, Jackson, & Villarruel,
1998). The growing number of immigrant children who come primarily from poorer and
frequently wartorn countries will further contribute to the growing need for considering
the above characteristics of families in research about the role of families and of child care
in the development of children.

The scientific literature has focused primarily on the effects of child care on the devel-
opment of children who are in child care. But one may want to consider the relation
between child care and (1) the mother’s well-being, (2) the childcare provider for whom
child care is a place of employment, and (3) the mother’s employer who is concerned
about the continuity and stability of the work environment. For example, it has been
hypothesized that childcare availability and affordability affect the well-being of mothers
and fathers (Mason & Duberstein, 1992). Another hypothesis pertaining to child care
and maternal well-being is that when children are in poor-quality child care, mothers are
more stressed and less sensitive to the needs of their children (Jaeger & Weinraub, 1990).
(Alternative ideas about the topic of child care and parents’ well-being can be found in
Galinsky, 1992; Phillips, 1992; Presser, 1992.) Providers are probably less stressed when
they are well paid and their working environment is supportive of their professional needs
(Phillips, Howes, & Whitebook, 1991). Perhaps employers would be more satisfied when
children are in child care because mothers would be more focused on their job and less
frequently absent from the job (Wolcott, 1990). So, the quality of child care should be
evaluated not only in terms of its ability to enhance the developmental outcomes of chil-
dren, but also in terms of the extent to which it serves as a stabilizing force in families
and at the workplace.

Expanding Research on Quality of Child Care

If one assumes that quality features of child care are those features that are known or
expected to lead to desired developmental outcomes, then our knowledge about features of
quality of care is large yet limited. The outcomes that psychologists and educators identi-
fied pertain to the infant attachment to his or her mother and to the childcare provider; they
pertain to the sensitivity of the mother to her child during mother–child interaction, to peer
relations, to social competence, compliance, problem behavior, cognitive and language
development. Pediatricians have focused on freedom from minor childhood illness as an
important outcome for children in child care. So, the psychological scientific literature has
information about the extent to which adult : child ratio, group size, provider education,
provider attitudes and behaviors are linked to the outcomes that European and European
American psychologists have been interested in. The pediatric scientific literature focuses
on hygiene as a predictor of health in child care. Parents who are interested in learning about
the effects of child care on the moral development of their children, or on the extent to
which their children will have knowledge about and pride in their family cultural traditions,
will not find scientific literature on these topics. Yet, the transmission of moral values and
of the traditions of the culture are at the heart of childrearing.
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The definition of quality is particularly difficult in a diverse society when different seg-
ments of the society have different childrearing practices and goals. In the United States,
an important socialization goal of ethnic minority parents is fostering a sense of ethnic
pride in children (Harrison, Wilson, Pine, Chan, & Buriel, 1990). Inculcating such pride
may be difficult if the childcare environment celebrates the mainstream culture and
ignores the children’s ethnic culture. In the United States, childcare settings are expected
to be authoritative, that is, democratic such that limits are negotiated in cooperation by
the adult and the child (Baumrind, 1989), and to discipline children verbally. But African
American parents favor physical punishment that is not coupled with the withdrawal of
affection (Parke, 1997). Chinese American parents believe in strict discipline in the
context of deep caring and teaching right from wrong (Parke, 1997). Consequently, their
teaching and discipline style appear more controlling than that of European American
parents. Given their childrearing values, African American and Chinese American parents
may be less than fully satisfied with authoritative childcare settings. Latino families value
social skills as much as or more than they value cognitive skills. They discourage com-
petitive behavior that sets the child apart from the group (Parke, 1997). Their emphasis
on cooperation and social sensitivity may differ, at least to some extent, from the empha-
sis that mainstream American culture places on the same values. The disparity in empha-
sis or in values may, in turn, lead to dissatisfaction with childcare settings adopting the
mainstream culture. The implications of being reared in a family and a childcare setting
that inculcate somewhat different values are unknown at this time.

The costs of high-quality care are high and are more so the younger the children. The
costs of high-quality care are high (Willer, 1990) because quality is determined by the
ratio of adults to children, the size of the group of children being cared for, the educa-
tion of the childcare provider, and the training of the provider in child development
(National Association for the Education of Young Children, 1991). From a societal point
of view, the investment required in providing high-quality child care seems prohibitive
(Haskins, 1992). So, some policy makers in the United States are looking for guidelines
that will tell them what is the minimum of quality that will not harm children. If one
goes on the assumption that childcare quality at a minimum ought to provide children
with the benefits that exclusive maternal care would, then the quality of care would vary
from one child to another. This is the case because families vary in the quality of moth-
ering they provide. Clearly it is unrealistic to wish to provide children with quality of care
that is tailored to match or exceed the quality of care provided by their own mothers.
Rather, one would want to provide policy makers with (1) tools for evaluating the devel-
opmental benefits of different levels of compliance with childcare quality standards
(NICHD Early Child Care Research Network, 1999a) and with (2) the dollar invest-
ments required for the implementation of such standards.

Expanding Research about Parents’ Knowledge and Decision Making 
Regarding Child Care

In societies characterized by cultural diversity, there is clearly a need to have scientifically
gathered information about what parents from different segments of our society consider
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to be goals of quality child care. Likewise, there is a need to obtain information regard-
ing what parents know about the childcare characteristics that promote these goals. At
present, few parents are aware of knowledge generated by scientists regarding child care,
and many families are unaware of the importance of their selection of child care with spe-
cific characteristics for the child’s later personal development and for his or her later con-
tribution to society (Honig, 1995). Those interested in applied research could develop
and evaluate programs designed to convey the lessons learned from the scientific research
on quality child care to parents and other consumers.

Conclusion

Child care as a social institution is a product of economic realities and social changes that
have led to a steady increase over the last 30 years in the participation of women in the
workforce. It has come into being to help families with their childrearing responsibilities.
Child care, like family, is not one and the same for all. It reflects the societal and per-
sonal values and the resources of the people that create it and participate in it. Like family,
it is a human creation, which, in turn, shapes the life of its creators. Because child care
is both a societal product and a childrearing tool, its characteristics and its influences will
need to be continuously reinvented and evaluated. This chapter is aimed at summarizing
what we know to date and what we think we need to learn in the future in order to 
maximize the usefulness of child care to the society it serves.
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Chapter Twenty-five

Health, Nutrition, and Safety

Jeanne Thibo Karns

Introduction

Health, nutrition, and safety of infants are topics of concern in all cultures and across the
recorded history of all past civilizations. Concerns such as the quality of human breast
milk and the protection of infants from environmental dangers are universal. However,
solutions to issues such as how to wean the infant from breast milk to alternate substances
reveals great cultural diversity.

The mother’s role in society as the primary nurturer of the infant through all types of
caretaking is emphasized. The challenges to and support of this role can be seen in the
influences of the father’s social support for breastfeeding, employment expectations for
the mother, and community norms.

Nationally and internationally, efforts to provide for the welfare of infants are evident
in immunization, nutrition, and product safety regulations. The impact of these regula-
tions is reflected in the basic interactions within the home and the community.

Health: Prevention and Risks

The clinical practice guidelines of the American Academy of Pediatrics emphasize 
the importance of preventive care to keep infants well and to treat medical and devel-
opmental problems at the earliest possible stage. Unfortunately, many infants in both
developing and developed countries often do not receive even the minimum of 
standard care. Poverty influences infant health not only in increased risk factors but 
also in decreased access to health care (American Academy of Pediatrics, 1997; Kibel 
& Wagstaff, 1995).
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Perinatal Morbidity and Mortality

In developed countries, fewer than 1 percent of infants die in the perinatal period, the
weeks just before and after birth. The improved viability has primarily occurred as a result
of technological achievements in sanitation, immunization, antibiotics, nutrition, blood
replacements and intensive medical treatment of at-risk newborns.

Many European countries have the lowest global rates of perinatal infant mortality,
while the United States ranks number 20 among developed nations. In 1996, neonatal
deaths in the United States were 3.9 per 1000 live births for whites and 9.2 for African
Americans. This is an economic cause, not a racial factor. The high rate of perinatal deaths
reflects the discrepancy in health care received by the poor and the nonpoor.

The primary causes of illness and death of the infant in the weeks before and after
birth are largely preventable in developed countries. Low birth weight (LBW) and pre-
maturity can be best treated by good prenatal care and nutrition for the mother. When
infants are born premature and small, advances in medicine can achieve successful treat-
ment in many cases. In the United States, perinatal and neonatal mortality rates are now
lower for prematurity than for birth defects (McGanity, Dawson, & van Hook, 1999).
In 1995, 22 percent of infant deaths under 1 year of age were due to congenital anom-
alies and 13 percent were due to disorders related to prematurity. Infants less than 24
weeks gestational age and less than 700 grams are most at risk for mortality, with 80
percent estimated mortality rate. Infants at 2000 grams and 34 weeks gestation have 
only a 1.5 percent risk of perinatal mortality.

Immunization

Immunization has become a triumphal success in reducing morbidity and mortality
during the last 50 years. The administration of vaccines during infancy has saved lives
and improved quality of life by preventing diseases and their complications. The post-
World War II baby boomers were the last generation in developed countries to routinely
become infected with “childhood diseases” such as measles and mumps. With the intro-
duction of a vaccine for chicken pox (varicella) during the 1990s, children may now grow
up without contracting any of the infectious diseases that caused permanent defects and
impeded growth and development for previous generations.

Throughout the globe, immunizations are the most cost-effective medical treatment
available. Immunization has been so effective in eliminating smallpox from the world that
children no longer need to be given smallpox vaccine. Polio was targeted for global erad-
ication in the year 2000 by the World Health Organization. North America is on the
verge of eliminating measles. Immunizations for ten diseases are routinely recommended
in developed nations. (See Table 25.1 for immunization timetable.) Although many vac-
cines require repeated doses, new combination vaccines allow more than one disease
vaccine to be given in the same injection, thereby decreasing the number of injections
needed and increasing the possibility of immunization of more children (American
Academy of Pediatrics, 1999b,c,d). Infants living in or traveling to developing countries
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may need additional immunizations for locally specific problems, such as yellow fever,
hepatitis A, and Bacillus Calmette Guerin vaccine (BCG) for tuberculosis. Additional
immunizations may also be needed because of disruption of technological environmen-
tal safeguards, such as water purification systems, following natural disasters. These immu-
nizations include vaccines for typhoid fever and cholera (Kibel & Wagstaff, 1995). All
immunizations have the risk of side effects, the majority of which are very mild and are
outweighed by the potential consequences of the diseases (Wong et al., 1999). In the
United States, only about two-thirds of children by 2 years of age have received all appro-
priate immunizations (American Academy of Pediatrics, 1995b).

Infant Circumcision

Circumcision of newborn infants is a common practice in many cultures. Circumcision
of males is the most prevalent. The foreskin of the penis is surgically removed. This pro-
cedure can be performed in a medical setting or as a religious ceremony. In the Jewish
faith, the ceremony is called a breith or brit and is performed by a mohel, a person trained
in the performance of the ceremony. As a medical procedure, male circumcision is 
more common in the United States than in other developed and developing countries
(American Academy of Pediatrics, 1999a; Wong et al., 1999).

Until the late 1990s, medical circumcision was performed without anesthesia, a 
practice still current in many hospitals. Topical, oral, and/or injected anesthetics are now
recommended for pain control during this surgical procedure (American Academy 
of Pediatrics, 1999a; Rabinowitz & Hulbert, 1995; Wellington & Rieder, 1993).

The medical communities of the Western nations have issued position statements
advising against male circumcision. The lack of strong verifiable medical benefits places
the decision to circumcise on cultural and religious grounds (American Academy of Pedi-
atrics, 1999a; Australian Medical Association, 1997; British Medical Association, 1996;
General Medical Council, 1997). Should parents request circumcision of newborn males,
the physician should explain the potential risks and benefits of the procedure and of not
performing the procedure to insure that the parents understand that male circumcision
is elective and not required by governmental law.

In contrast to male circumcision, female circumcision is found exclusively among the
cultures of Africa, the Middle East, and Asia or among immigrants and their descendents
from these areas. Cultures vary in prescribing how much tissue is removed, including the
clitoris, and part or all of the labia minora. In the most severe form of female circumci-
sion the labia majora is also cut and sewn together to form a tight band covering 
the urethra and vaginal openings. The procedure may also include piercing, stretching,
cauterization, or scraping of genital structures or insertion of caustic substances into 
the vagina. Complications are numerous (Armstrong, 1991; Institute for Development
Training, 1986; McCleary, 1994; World Health Organization, 1997).

Also known as female genital mutilation, female circumcision is performed on infant
girls in some cultures; however, the practice is more common for older girls and adoles-
cents. Annually, an estimated 4 to 5 million procedures are performed (Kouba & Muasher,
1985; Ntiri, 1993). Female circumcision is based on cultural beliefs that the procedure
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will preserve group identity, prevent promiscuity by removing structures associated with
sexual arousal, preserve virginity, and increase sexual pleasure for men (International Asso-
ciation for Maternal and Neonatal Health, 1991). The practice has been condemned by
the World Health Organization and is considered child abuse, and therefore illegal in
most developed countries (American Academy of Pediatrics, 1998).

Environmental Toxins

The infant is the most vulnerable member of society. Environmental toxins can attack
immature organ systems, resulting in illness, delayed development, and permanent
impairment. The effects on cognition and behavior are only beginning to be studied.

Passive tobacco smoke has been found to have a harmful effect on the health of infants
and toddlers. Infants living with a smoker are more likely to be admitted to a hospital
for treatment of bronchitis and pneumonia. Passive smoke and illness have a dose-related
response. An increase of just five cigarettes a day smoked by the mother was shown to
result in a linear increase of 2.5 to 3.5 incidents of lower respiratory (bronchial and lung)
illness per 100 children at risk. Infants with both parents smoking experienced pneumo-
nia and bronchitis at twice the rate of infants of nonsmokers. Passive smoking is also asso-
ciated with a fourfold risk of hospitalization for serious infectious illness of all types.
Numerous studies have shown dose-related responses between passive smoke and middle
ear infections and complications, including the need for tympanostomy tube placement
surgery.

The relationship between passive smoke and Sudden Infant Death Syndrome (SIDS)
statistically appears to be independent of both birth weight and gestational age, indicat-
ing that the passive smoke is a main effect, not just a contributor to the risk of SIDS. A
more detailed discussion of SIDS is presented later in this chapter. Overall, exposure to
passive smoke leads to increased risk of illness and possibly death for infants and young
children (American Academy of Pediatrics, 1997).

Lead in the environment can cause developmental delay, illness, and death in infants.
Biologically, lead binds into sites reserved for calcium, thereby adversely affecting cellu-
lar processes that depend upon calcium. Additionally, lead has a devastating effect on the
central nervous system. Lead interferes with the brain activity associated with visual-motor
abilities, including the ability to recognize and copy shapes, visualize objects in space, and
form nonverbal concepts. In US studies of both low-income and middle-income fami-
lies, a dose-related response was found for amount of lead levels of children and intelli-
gence test scores. Children with higher levels of lead exposure had lower scores on
intelligence tests. Additionally, exposed children may have learning and behavioral 
problems as well as physical symptoms of listlessness, uncoordination, altered conscious-
ness, seizures, coma, and death. Laws in the United States banning lead solder on food
cans, lead in gasoline, and lead in paint have eliminated the most frequent sources of lead
poisoning. These toxins are still threats in developing countries, however. The primary
source of lead poisoning in developed countries is deterioration of lead paint on 
older structures. The lead dust can be inhaled from the air. Teething infants can chew on
painted surfaces, directly ingesting the lead. As with other health and safety hazards of
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infancy, the children living in poverty are the most at risk (Farley, 1998; Knestrick &
Milstead, 1998).

Sudden Infant Death Syndrome (SIDS)

Sudden Infant Death Syndrome is the term used to describe the unexpected death of an
infant, often while sleeping, without other known cause. SIDS is not one disease or envi-
ronmental risk. It is thought to have multiple causes and influences. In developed coun-
tries, SIDS is the number one cause of death for infants between 1 week and 1 year of
age. In Canada, SIDS claims 1 out of every 1000 live-born infants (Canadian Founda-
tion for the Study of Infant Deaths, 1999; SIDS Alliance, 1998). A study in Cape Town,
South Africa found an incidence of SIDS of 1.06 per 1000 live births for whites and 3.41
per 1000 for colored (mixed-racial, low-SES African) infants (Sinclair-Smith & Kibel,
1986).

Four primary factors have been isolated as related with SIDS. The first is suffocation.
Infants placed on their stomachs to sleep, or who roll onto their stomachs during sleep,
have a much higher incidence of SIDS. Soft bedding is thought to create an air pocket
around the infant’s face, allowing the infant to breathe lower and lower levels of oxygen
or perhaps to rebreathe expelled carbon dioxide. Water beds, bean bag chairs, sheepskins,
and pillows are not recommended for infant use. Co-sleeping of infants in parents’ beds
may present a hazard not because of over-rolling of the adult onto the infant but because
of the softness of adult bedding for a prone infant. A 15 percent to 20 percent decrease
has been shown for the rate of SIDS since the 1992 recommendation of the American
Academy of Pediatrics that infants should be placed to sleep on their backs rather than
prone (American Academy of Pediatrics, 1996c).

The second factor is second-hand tobacco smoke. The presence of tobacco smoke in
the infant’s environment is highly correlated with SIDS. The immature lungs of the infant
may not be able to withstand the stress of inhaled smoke. A third factor is overheating.
Infants should not be allowed to become too hot, especially with blankets or comforters
on or around the infant’s head. Finally, the low occurrence of SIDS is correlated with
breastfeeding. At least some cases of SIDS may be related to infection, especially colds
and other upper respiratory infections. Breast milk imparts immunity to infants during
the first year of life, particularly during the first six months, the most dangerous period
for SIDS (American Academy of Pediatrics, 1996c; Canadian Foundation for the Study
of Infant Deaths, 1999; Scheers, Dayton, & Kemp, 1998; SIDS Alliance, 1998).

Medical Treatment and Hospitalization of Infants

Newborn intensive care units in hospitals are often the first homes for many infants.
Medical pharmacological and technological advances have dramatically increased the sur-
vival rate of infants with illness, birth defects, and trauma. Many infants who would have
died just one decade ago now survive at the cost of enduring medically invasive and stress-
ful procedures, ranging from venipunctures to major surgery. During hospitalization,
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touch by adults often becomes associated with painful stimuli. Bright lights and monitor
alarms interfere with normal sleep cycles. A variety of caregivers over weeks, and at times
months, disrupts attachment formation.

Research on nociception, the perception by the nerves of injurious influences or painful
stimuli, now supports the position that the fetus, newborn, and older infant do feel the
sensation of pain (Anand & Hickey, 1987; Fitzgerald, 1995). A variety of pain assess-
ment scales use physiological and behavioral activity to rate the infant’s pain; however,
the variability in infant reaction to pain makes pain assessment difficult (Attia et al., 1987;
Bozzette, 1993; Cote, Morse, & James, 1991; Franck, 1987; Grunau & Craig, 
1987; Grunau, Johnston, & Craig, 1990; Johnston & Strada, 1986; Krechel & Bildner,
1995; Shapiro, 1989). Wong et al. (1999) state that “When in doubt about pain in
infants, base your decision on the following rule: Whatever is painful to an adult or child
is painful to an infant unless proved otherwise” (p. 412).

Many studies have shown adverse effects of untreated pain in infants on short-term
and long-term physiological, social, and cognitive levels. Examples include recoil and
withdrawal when touched, changes in blood chemistry, gaze aversion, poor sleep patterns,
attention deficits, learning disorders, and poor adaptive behaviors (Anand & Carr, 1989;
Anand & Hickey, 1987; Anand, Grunau, & Oberlander, 1997; Barba, 1991; Fitzgerald,
1995; Fitzgerald, Millard, & McIntosh, 1989; Penticuff, 1987; Wong, 1992).

Infants are at the greatest risk of any age child for suffering psychosocial stress caused
by separation during hospitalization and medical treatment. Infants are forming attach-
ments that can be disrupted by long separations. Unlike older children, infants are unable
to understand the events of hospitalization, and to use coping strategies to deal with the
stress of hospitalization. The practice of parental rooming-in during infant hospitaliza-
tion has been advocated as part of family-centered care (Child Life Council, 1994; Shelton
& Stepanek, 1994; Wong et al., 1999). In addition to preventing anxiety caused by 
separation, rooming-in also allows the mother to continue to breastfeed the ill infant and
to be present to comfort the infant during and after medical procedures.

Nutrition

Human milk has always been recognized as the appropriate first food of infants. Yet
throughout history, many cultures have devised alternate methods for feeding infants.
Milk from other mammals, including goats, sheep, and cows, has been modified to serve
as alternatives for human milk, as well as grain product milk substitutes from rice and
soy beans.

The wetnurse is a lactating woman who suckles another infant in addition to her own.
A wetnurse may be used because of illness of the mother, maternal preference, economi-
cal factors, or cultural norms. The tradition of the wetnurse is found in many cultures
today. In Western cultures, the technological equivalent of the wetnurse can be found in
human milk banks. Lactating women pump their milk and donate it for use by prema-
ture infants, ill infants, and infants with allergies to formula. Standards for the collection
and distribution of human milk have been established by the Human Milk Banking Asso-
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ciation of North America (Human Milk Banking Association of North America, 1993;
Powers, Naylor, & Wester, 1994).

The World Health Organization recommends feeding human milk exclusively to
infants until 6 months of age. The American Academy of Pediatrics, the Canadian 
Paediatric Society, and the American Dietetic Association recommend the exclusive use
of human milk until 6 months, with continued breastfeeding supplemented by other
foods until past the infant’s first birthday.

Composition of Human Milk and Formula

Biological and chemical research has led to a greater understanding of the complexities
of human breast milk. Colostrum is the milk produced by the mother’s breasts during
the first few days after birth. Compared to the later mature milk, colostrum is higher in
protein and lower in sugar and fat. Colostrum is yellow and sticky, while mature milk is
thinner with a bluish or creamy color (Lawrence, 1999).

The bioactive composition of human milk includes living cells and many nutrients
not yet identified and therefore unavailable in formula substitutes. The primary known
nutrients in human milk are shown in Table 25.2.

Infectious illness is one of the primary causes of delayed growth and development in
the young infant. In numerous studies, human milk has been found to have a protective
effect by imparting the mother’s current immunity to the infant when the infant is exclu-
sively breastfed. The immunological components of human milk protect the infant from
contagious diseases during the early months, particularly those diseases including diar-
rhea that can quickly dehydrate infants, causing electrolyte imbalances and death.

The whey protein of human milk is more easily digested than bovine milk and pro-
motes more rapid gastric emptying. Human milk whey proteins line the gastrointestinal
tract and become the first defense against illness. Infants fed only human milk have fewer
and less severe gastrointestinal illness during the first 13 weeks of life and are less likely
to need hospitalization. Human milk also carries protection against Haemophiulus
influenzae type b infection (Kleinman & Committee on Nutrition, American Academy
of Pediatrics, 1998).

Colostrum of preterm mothers contains an even greater amount of antimicrobial 
properties than does the colostrum of full-term mothers, thereby imparting a greater 
protective factor to the more vulnerable preterm neonate (Lawrence, 1999).

Otitis media (OM, ear infection) occurs half as often in exclusively breastfed infants
as in formula-fed infants. Additionally, these infants have half as many recurrent OM
infections. Severe and prolonged OM can lead to delayed speech development. Infants
with cleft palate may have almost continuous OM due to the altered physical structure.
A study by Paradise, Elster, and Tan (1994), however, found these same protective 
benefits of human milk to extend to the cleft palate infants.

The antibodies of each mother are unique to her, depending on her exposure to anti-
gens and genetics. Beginning evidence is now available suggesting that breastfeeding may
impart lifelong immunity to some types of infections (American Academy of Pediatrics,
1995a; Newburg & Street, 1997).
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Table 25.2 Composition per liter of mature human milk

Units Amount

Energy kcal 680
Lactose g 72
Protein g 10.5

Whey/casein % 72/28
Fat g 39

Medium chain % 2
Long chain triglycerides % 98

Carbohydrate g 72
Lactose % 100

Minerals
Calcium mg 280
Phosphorus mg 140
Magnesium mg 35
Sodium mg 180
Potassium mg 525
Iron mg 0.3
Chloride mg 420
Zinc mg 1.2
Copper mg 0.25
Iodine mg 110
Selenium mg 20
Manganese mg 6
Fluoride mg 16
Chromium mg 50

Vitamins
A RE 670
E mg 2.3
D mg 0.55
K mg 2.1
C mg 40
Thiamin (B) mg 0.21
Riboflavin (B) mg 0.35
Niacin mg 1.5
Pyridoxine (B) mg 93
Panthothenic acid mg 1.8
Folate mg 85
B mg 0.97
Biotin mg 4
Folic acid mg 24
Ascorbic acid mg 40

Values are given for one liter of mature human milk. Infants vary in volume consumed per day.
Source : Adapted from Institute of Medicine (1991). Nutrition during lactations-milk composition. Washington, DC:
National Academy Press, 116; Shils, Olson, Shike, & Ross (1999); Kleinman & Committee on Nutrition, 
American Academy of Pediatrics (1998)



The flavor of human milk is sweet and includes the flavors of the foods, spices, and
beverages consumed by the mother. Amniotic fluid also contains the taste of the mother’s
foods. Since the fetus swallows amniotic fluid, conditioning to the predominant taste
preferences of a culture may begin prior to birth (Mennella, 1997). This may explain why
toddlers in Mexico will eat a salsa of chilli peppers, tomatoes, and garlic that is consid-
ered too spicy hot by adults of other cultures. Conversely, some infants may refuse to feed
or may ingest less human milk when the mother has eaten garlic or spicy foods. Infants’
preferences for the taste of salt are related to their dietary experience. At 6 months of age,
infants who were primarily fed human milk, a low-sodium food, showed less preference
for salt than infants fed a wider variety of foods (Harris, Thomas, & Booth, 1990).

Formulas used as substitutes for human milk have successfully been used for decades,
with the strongest surge of acceptance in the baby boom generation following World War
II. Cow’s milk is the primary component of formula. Goat milk and vegetable soy for-
mulas are also available for infants who are allergic to cow’s milk. Soy and rice formulas
may also be acceptable to vegetarians if they do not breastfeed.

Characteristics of human milk and formula may result in different feeding schedules.
The easier digestibility of human milk causes the stomach to empty more rapidly than
with formula. Throughout the day and night, human milk varies in nutritional density.
These factors combine to create a more varied feeding schedule for breastfed infants. Prior
to growth spurts, infants suck longer and more frequently on the breast, resulting in an
increased production of milk. A demand feeding schedule responds to the infant’s behav-
iors indicating hunger, such as crying and increased sucking. Scheduled feeding is more
commonly associated with formula feeding. Infants fed formula tend to ingest more even
volumes throughout the day and night. The longer digestion period for formula results
in more evenly spaced and predictable feeding times.

The nutritional needs for infants and toddlers fed by formula and nonmilk foods are
shown in Table 25.3. Formulas vary in composition, including the sources of proteins,
carbohydrates, and fats. Protein usually is a composite of bovine milk and whey, soy, or
hydrolyzed protein. Fats may include oil from coconut, soy, palmolein, sunflower, corn,
and safflower. Carbohydrates may include lactose (milk sugar), corn syrup, sucrose, corn-
starch, dextrose, or tapioca. Commercial formulas vary in the amount of proteins, fats,
carbohydrates, electrolytes, minerals, and vitamins included, although all formula sold in
the United States meet Recommended Daily Allowances (RDA) as established by the
National Research Council Food and Nutrition Board. Because cow’s milk is low in iron,
it should not be substituted for formula between 6 and 12 months of age. Even though
formulas cannot duplicate the unique composition of human milk, they are acceptable
substitutes for human milk for women living in developed countries with the economi-
cal resources needed to purchase them and sanitation resources needed to prepare them
(Kleinman, 1998; Shils, Olsen, Shike, & Ross, 1999).

Much higher levels of essential nutrients are required in formula than naturally occur
in human milk because of differences in bioavailability. Absorption of nutrients from for-
mulas by infants is much lower than absorption rates from human milk. United States
RDA nutrient levels are based on the absorption of nutrients by infants fed formula. An
exclusively breastfed infant will have a calcium intake of 250–330mg with an absorption
rate of 55 percent to 60 percent, yielding a retention of 150–200mg of calcium. Formula
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Table 25.3 Recommended daily allowances of nutrients for normal infants fed formula and solid
foods

Recommended intake per day

0–6 Months 6–12 Months 1–3 Years

Nutrient Unit Weight = 6kg Weight = 9kg Weight = 13kg

Energy kcal 650 850 1300
Fat g
Carbohydrate

Protein g 13 14 16
Electrolytes and minerals

Calcium mg 400 600 800
Phosphorus mg 300 500 800
Magnesium mg 40 60 80
Sodium (mg)a 120 200 13
Chloride (mg)a 180 300 13
Potassium (mg)a 500 700 26
Iron mg 6 10 10
Zinc mg 5 5 10
Copper (mg)b 0.4–0.6 0.6–0.7 0.7–1.0
Iodine mg 40 50 70
Selenium mg 10 15 20
Manganese (mg) 0.3–0.6 0.6–1.0 1.0–1.5
Fluoride (mg)b 0.1–1.0 0.2–1.0 0.5–1.5
Chromium (mg) 10.0–40.0 20.0–60.0 20.0–80.0
Molybdenum mg 15.0–30.0 20.0–40.0 25.0–50.0

Vitamins
A mg RE 375 375 400
D mg 7.5 10 0.1
E mga TE 3 4 6
K mg 5 10 15
C mg 0.3 0.4 40
Thiamin mg 0.3 0.4 0.7
Riboflavin mg 0.4 0.5 0.8
Niacin mg NE 5 6 9
B mg 0.3 0.6 1
Folate mg 25 35 50
B mg 0.3 0.5 0.7
Biotin (mg) 10 15 20
Pantothenic acid (mg)b 2 3 3

RDA shown for formula- and solid food-fed infants. RDA values are higher than nutrients shown for human milk
(Table 25.2) due to the lower bioavailability of nutrients from these foods
a Minimum requirements (mg/day) rather than recommended
b Estimated safe and adequate daily intake
Source : Data from Food and Nutrition Board. National Research Council (1989). Recommended dietary allowances
(10th ed.). Washington, DC: National Academy Press; Shils, Olson, Shike, & Ross (1999)



has a calcium absorption rate of 40 percent, therefore requiring as much as 500–660mg
of formula calcium intake to match the retention rate of human milk. The discrepancy
of absorption rates for iron is even greater. Only 10 percent of iron from cow milk base
formula and 4 percent of the added iron from iron-fortified formula is absorbed. With
human milk, infants absorb 50 percent of the iron intake.

Diverse formulas are available for infants with special needs. Soy formulas are available
for infants with allergies. Lactose-free formulas have been devised for infants with lactase
deficiency. Formulas low in minerals and electrolytes that provide a low renal solute load
are available for infants with renal or cardiovascular diseases (Kleinman, 1998).

In developing countries, formulas continue to present problems of appeal to women.
These women cannot afford adequate amounts of formula to nourish their infants and
may dilute the formula with additional water. In areas with poor sanitation the water
used to prepare the formula and clean the bottles may introduce infectious organisms
into the infant’s system. For these mothers, breastfeeding still remains the best method
for early feeding. The World Health Organization enacted the Code of Marketing for
Breast Milk Substitutes in 1981 in an effort to halt the Westernization appeal of formu-
las in developing countries where families have neither the economic nor sanitation
resources needed for successful formula feeding. This code prohibits the mass direct adver-
tising of formula to mothers, free commercial gifts of formula for newborns, inducements
to retailers and health professionals, and the use of medical facilities to promote formu-
las. Additionally, formula labels are required to state that breast milk is superior to the
formulas.

Recent studies still show strong appeal of Western attitudes and behaviors. In Sri
Lanka, 32 percent of formula-fed infants were more likely to be fed expensive formulas
from multinational companies even though cheaper, nutritionally comparable state-
subsidized formulas were available (Wijekoon, Thattil, & Schensul, 1995). Vietnamese
immigrants in London were found to have begun breastfeeding while in Vietnam but to
have switched to formula after immigration (Sharma, Lynch, & Irvine, 1994).

Xenobiotics

Just as the fetus is vulnerable to substances passed through the placenta from the mother,
the nursing infant ingests the products present in the mother’s body. Xenobiotics include
the study of the transference of infectious and toxic agents through breast milk.

Numerous studies have well established that all drugs are excreted into breast milk
(Kleinman, 1998). Many commonly consumed drugs have been found to have harmful
effects when transmitted to infants through human milk. The chemical components of
alcohol and tobacco are readily transmitted through breast milk. Contrary to folklore,
infants ingest less human milk when mothers have consumed an alcoholic beverage com-
pared with a nonalcoholic beverage (Mennella, 1997). The infant repeatedly exposed to
small amounts of alcohol in breast milk may have long-term effects on motor develop-
ment similar to those detected for Fetal Alcohol Syndrome (FAS) (Mennella &
Beauchamp, 1992). The infant of a smoker has similar biochemical reactions as the
mother to the nicotine of tobacco.
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Examples of drugs that are contraindicated during breastfeeding include bromocrip-
tine, cocaine, cyclophosphamide, cyclosporine, doxorubicin, ergotamine, lithium,
methotrexate, phencyclidine (PCP), phenindione, amphetamine, heroin, and marijuana.
All have been found to result in reduction of lactation, biochemical changes in the infant,
depression of respiratory and circulatory systems of the infant, or to produce behavioral
changes in the infant, including irritability, lethargy, and altered sleep states. The Pedi-
atric Nutrition Handbook, 4th edition, of the American Academy of Pediatrics includes
extensive lists of maternal drugs and radioactive compounds that are contraindicated
during breastfeeding, maternal drugs with unknown effects on breastfed infants, and
maternal drugs that are thought to be compatible with breastfeeding. Factors that influ-
ence the passage of medication into human milk include drug factors of molecular weight,
lipid solubility, water solubility, protein binding, drug ionization, drug pH, half-life of
the drug, dose, and route of administration (American Academy of Pediatrics, 1997;
Banta-Wright, 1997).

Numerous case studies have been reported for breastfeeding mothers medicated for
depression, anxiety, and schizophrenia. This is an important issue because of the severity
of postpartum and/or long-term depression for some women, as well as the prevalence of
chronic psychotic problems present in the general population.

Past research has well documented the negative impact on parenting behaviors if
depression or other mental health problems are not treated (Campbell, Cohn, & Meyers,
1995; Field, 1987; Field, Morrow, & Adelstein, 1993; Fleming, Ruble, Flett, & Shaul,
1988; Fox & Gelfand, 1994; Gelfand & Teti, 1990; Gelfand, Teti, & Fox, 1992;
Simmons, Lorenz, Wu, & Conger, 1993). The social interaction behaviors of infants can
be influenced by the altered depressed-mother/infant interactions. These infants may be
withdrawn, engage in less physical action and have more negative facial expressions and
fussiness even when interacting with someone other than the depressed mother (Cohn,
Campbell, Matias, & Hobkins, 1990; Cohn, Matias, Tronick, Lyons-Ruth, & Connell,
1986; Field et al., 1988; Field, Healy, & LeBlanc, 1989; Field et al., 1985; Pickens &
Field, 1995). (See chapter 23 for a complete discussion.)

Psychotropic drugs studied include antidepressants, anti-anxiety and tranquilizers,
antipsychotic agents and anticonvulsants. Concentrations in breast milk, infant urine,
and infant plasma varied from trace to adult dosage levels. Influential variables include
fore (beginning feeding) and hind (end feeding) milk variations, elapsed time since
dosage, and the natural variation of fat and protein in human milk. The vast majority of
studies showed no detectable short-term or delayed psychomotor, neurological, or behav-
ioral changes in the infants, although limited case studies have reported increased crying,
or decreased sleep. No developmental changes were detected in short-term or long-term
studies, including one study that followed the infants until 1 year of age with periodic
administrations of the Bayley Scales of Infant Development.

Accumulation effects may pose unknown risks because of the lower capacity of infants
for drug elimination. No study to date successfully addresses this issue. Conflicting rec-
ommendations are made concerning use of these psychotropic drugs during breastfeed-
ing. The benefits to mother and infant for breastfeeding are generally viewed to outweigh
any currently unknown risks (Brent & Wisner, 1998; Breyer-Pfaff, Nill, Entenmann, &
Gaertner, 1995; Spigset & Haegg, 1998; Stowe et al., 1997; Wisner & Perel, 1998;
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Wisner, Perel, Findling & Hinnes, 1997; Yoshida & Kumar, 1996; Yoshida, Smith,
Craggs, & Kumar, 1997, 1998a,b).

In only a few circumstances does the potential harm to the infant from contaminated
human milk surpass the benefits gained by breastfeeding. Contraindications for breast-
feeding include maternal addiction to abused substances and chronic uncontrolled infec-
tions. Hepatitis B and C, rubella, cytomegalovirus, and many bacteria, bacterial toxins,
and viruses may be transmitted by human milk. The infant may acquire herpes simplex
type I when lesions are located on the breast. Tuberculosis and many other infections are
not contraindications unless the increased physical demand of milk production would
strain the mother’s well-being.

The risk of transmission of HIV infection from mother to infant in utero, during birth,
or while breastfeeding is estimated in ranges from 15 percent to 50 percent. The risk of
transmission of HIV from mother to infant from breastfeeding alone is estimated at 3
percent to 12 percent in various African populations (American Academy of Pediatrics,
1995a). If a mother is HIV-positive and the infant is not, either because the infant 
was not infected prior to birth or because the mother became infected after the preg-
nancy, breastfeeding may not be recommended if a viable alternative is available. 
Human milk does carry the virus; however, the transmission rate does not appear at this
time to be as strong as transmission by sexual activity and IV drug use. For HIV-positive
women in developed nations, use of commercial formulas is readily available and often
subsidized by the government. Formula use is the recommended course of action for these
families.

Among the HIV-infected population of many developing countries, a difficult
dilemma exists. The mother is HIV-positive and the infant tests negative, indicating either
that the infant was not infected during gestation and birth or that the virus is in the incu-
bation stage and is not detected by current tests. Due to economics and poor sanitation
standards, formula feeding is not a realistic alternative for many of these women (Bobat,
Moodley, Coutsoudis, & Coovadia, 1997; Cutting, 1994; Hoover, Doherty, Vlahov, &
Miotti, 1996; Mofenson, 1995; Rustein, Conlon, & Batshaw, 1997). The World Health
Organization has stated that “in settings where the principle causes of death in children
are malnutrition and infectious diseases, the recommendation of WHO is that breast-
feeding be encouraged. In these settings the advantage of breast-feeding, even for a baby
whose mother is HIV-positive, may outweigh the risks of bottle-feeding” (Kibel &
Wagstaff, 1995, p. 245).

Social and Cultural Components of Infant Feeding

Infant feeding has been shown to be a potentially positive experience for both parents
and infants. Dignam (1995) describes the successful breastfeeding interaction as charac-
terized by intimacy, including reciprocity, mutual joy, harmony, concern for others, trust,
and closeness. These same qualities can be shared during formula feeding.

Because breastfeeding takes significantly longer than bottle feeding, mothers and their
breastfed infants have more opportunities for intimate social contact. Breastfeeding
mothers report enjoying breastfeeding because it requires them to stop other activities
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and interact with their infants in an intimate manner (Epstein, 1993; Morse & Bottorff,
1992; Paul, Jaroslava, & Hanus, 1996).

The decisions to breastfeed and to maintain breastfeeding once begun are strongly
influenced by the social support the mother receives and expectations concerning her
competing activities. Van Esterik (1989) states that “infant feeding choices relate to the
position and condition of women, ideologically and economically, in different societies”
(p. 18). Factors discouraging breastfeeding include embarrassment, issues of convenience,
lack of maternal confidence, and partner attitude. A study by Littman, Medendorp, and
Goldfarb (1994) found that fathers indifferent to feeding method had partners with low
breastfeeding behavior, at 26.9 percent, while the partners of fathers with strong approval
of breastfeeding used breastfeeding 98.1 percent. In a Texas study of breastfeeding inten-
tions, fathers had more negative attitudes toward breastfeeding and more misconceptions
than mothers (Freed, Fraley, & Schanler, 1993).

Women who begin breastfeeding at birth may wean their infants to formula for a
variety of reasons. Continued breastfeeding has been associated with strong support from
the husband, no employment or maternal return to employment with flexible hours,
breastfeeding advocacy by the medical community, and positive peer support for the
mother.

Educational programs to encourage breastfeeding have been the most successful when
they incorporate cultural norms and beliefs, breastfeeding skills, and are individualized
to the needs of the mother. Examples of successful programs can be found in China,
among the Vietnamese immigrants in Australia, and the Navajo living on reservations in
Arizona (Jingheng, Yindi, Yongxin, & Jie, 1994; Rossiter, 1994; Wright, Naylor, Wester,
Bauer, & Sutcliffe, 1997).

Studies on the influence of maternal employment on breastfeeding have found great
variability. When a mother returns to employment after maternity leave, she is likely to
switch to formula. A study of Italian first-time mothers found that longer maternity leaves
were associated with longer breastfeeding, but also found that employed mothers were
more likely to breastfeed than mothers remaining at home. A different study found breast-
feeding is more likely among part-time employed mothers. In a study in Nigeria, the
majority of mothers studied gave milk supplements to infants within the first weeks after
birth. All mothers were employed, with professions ranging from high-status jobs in edu-
cation and nursing to unskilled cleaners (Awoyinka, 1992). Mothers in low occupational
grades in Spain were less likely to breastfeed than mothers in high-status employment,
yet in the study in Nigeria, cleaners breastfed exclusively or longer than educators. Rural
Muslim women in Israeli villages were found to initiate breastfeeding at a rate of 96
percent; however, only 57 percent continued beyond the sixth month (Azaiza & Palti,
1997). These differences may be attributable to the availability of breastfeeding educa-
tion programs, the population segment targeted by these programs, and the differing 
cultural expectations of women with primary emphasis focusing on either family or 
high-status employment and education.

Some corporations employing a high percentage of women of childbearing age have
begun lactation programs to assist mothers in maintaining breastfeeding while employed.
Components include the provision of efficient electric breast pumps, refrigerated storage
for pumped milk, and lactation consultants (Awoyinka, 1992; Cohen & Mrtek, 1994;
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Escriba, Colomer, Mas, & Grifol, 1994; Lindberg, 1996; Romito & Saurel-Cubizolles,
1996; Thompson & Bell, 1997).

Cognitive Development and Human Milk

A relatively recent area of study has been the association between human milk, neuro-
psychological infant development, and later cognitive development. The majority of 
the studies show statistically significant though small effects supporting breastfeeding.
Morley and Lucas (1994) followed preterm infants from infancy to 7.5 and 8 years.
Infants who received human milk had higher developmental scores at 18 months and as
older children than the formula-fed infants. In a study of 850 children by Rogan and
Gladen (1993), the positive advantage of breastfeeding was detected throughout infancy
(6, 12, 18, and 24 months) for children tested with the Bayley Scales of Infant Devel-
opment, early childhood (3, 4, and 5 years of age) for children tested with the McCarthy
Scales of Children’s Abilities, and on English grades on report cards at grade 3. A dose-
related response was noted, with increases in cognition of older children related to dura-
tion of breastfeeding in infancy. A similar study with 375 Australian children tested on
the Bayley Mental Developmental Index at age 2 years, the McCarthy General Cognitive
Index at age 4, and the Wechsler Full-Scale IQ at ages 7 and 11 to 13 years found small
statistically nonsignificant benefits for breastfed children over formula-fed children (Wigg
et al., 1998). Other studies in the United States, Britain, New Zealand, and India have
found advantages for breastfed infants on pictorial language tests, intelligence tests, and
visual acuity measures (Amanda & Singh, 1992; Golding, Rogers, & Emmett, 1997;
Horwood & Fergusson, 1998; Johnson, Swank, Howie, & Baldwin, 1996; Pollock,
1994).

In contrast, a British study titled the National Survey of Health and Development 
did not find cognitive advantages for breastfed infants when other family factors were
controlled in data from 511 first-born 8-year-olds (Richards et al., 1998). Similar 
neutral results for breastfeeding were found in a United States study of 342 subjects, age
10, when maternal and paternal education and annual income were considered (Malloy
& Berendes, 1998).

Studies finding a cognitive advantage for breastfed children include studies with full-
term and premature/low-birthweight infants. Several studies have been large population
studies with hundreds of subjects, and in one study, 11,765 subjects. Other studies have
had relatively few subjects and thereby low statistical power.

The mixed results of the cognition and breastfeeding studies are excellent examples of
the difficulties encountered in many longitudinal studies. Much of the work has been 
retrospective, relying on archival records. Broad measures, such as school grades and IQ
scores, may not be sensitive enough to discern any real effects on specific areas of cogni-
tion. Newer techniques looking at actual brain development are years away from practi-
cal use in studies with large numbers of subjects. Confounding factors, including family
composition, birth order, parents’ education and income, may have as much influence
on development as any supposed effects of breastfeeding. Finally, the self-selection factor
of which mothers choose to breastfeed and which do not also becomes tangled within
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issues of style of parent/infant interaction, amount of time spent in cuddling and play,
physical contact, and dozens of other potentially intervening factors occurring from
infancy to middle childhood.

Weaning, Introduction of Solid Foods

Weaning may be culturally viewed as a gradual process of accustoming children to the
foods eaten by adults or as a cutting off of the infant’s access to human milk. The process
can be gradual with continued breastfeeding for years. In other cultures, weaning may
happen quickly with change from breast or bottle made over a period of a few weeks.
Breastfeeding well into the second and third years is a common practice in many devel-
oping nations of quite diverse cultures. The Quechua Indians of Peru, the Turkana
nomads of Kenya, and the Gainj of Papua New Guinea share the behaviors of on-demand
breastfeeding through the second year. In many cultures, a new pregnancy is the only
reason used by mothers to halt breastfeeding prior to a duration of two years (Bohler &
Bergstroem, 1995; Gray, 1994). In the United States and other Western nations, breast-
feeding is more often halted during the second month.

Solid food introduction begins in most cultures with a basic staple, usually a grain,
tuber, root, or fruit, cooked and softened with milk or liquid from cooking. Prechewing
of food for young infants by an adult is an accepted practice in many cultures (Fildes,
1986). In Egypt, yogurt and bread soaked in liquids may be begun when the infant is 40
days old. A grain and fruit pap is fed to infants in Zaire in the first few weeks due to a
belief that human milk is not sufficiently nutritious. Cassava, rice, beans, meat, and fish
are diet staples by 5 months (Mennella, 1997). East Bhutan mothers introduce semisolid
food at a median age of 3 months (Bohler & Bergstroem, 1995).

In the United States, parents are advised to begin supplemental foods at 6 months. To
aid in detecting allergies or food intolerances, only one food at a time should be intro-
duced. Weekly intervals should separate the introduction of each new food. Because they
provide additional energy and iron, cereals are recommended to be the first foods intro-
duced. Since cow’s milk should not be used during the first year, dry cereals should be
mixed with breast milk or formula. Rice cereal is the most easily tolerated cereal by most
infants. Pureed vegetables, fruits, and meats can be begun after cereal feeding is well estab-
lished. Combination foods should not be used until tolerance for all individual compo-
nents has been established. Juices can be introduced when cup feedings are begun. Juices
provide carbohydrates and vitamin C but should be limited to no more than 8 ounces
per day so they do not replace breast milk or formula (Kleinman, 1998).

The developmental characteristics of the 6–9-month-old infant associated with readi-
ness for solid foods include the fading of the extrusion reflex (tongue thrust upward and
forward when object is placed in the mouth), the beginning of hand–eye coordination,
the ability to sit, recognition of a spoon, biting and chewing, grasping with the hand,
refusing food by keeping lips closed, and tooth appearance. Internally, the infant diges-
tive system gains the ability to digest and absorb a variety of proteins, fats, and carbohy-
drates and renal maturity needed to excrete osmolar loads without excessive water loss
(Kleinman, 1998; Wong et al., 1999).
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Nutritional Guidelines for Older Infants and Toddlers

As the growth slows during the second year, the calorie energy intake of infants also slows.
Feeding guidelines for children between the ages of 2 and 3 years are shown in 
Table 25.4.
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Table 25.4 Feeding guide for children (age 2 to 3)

Food Portion size Servings Comments

Milk and dairy products 1–2 cup (4oz) 4.0–5.0 The following may be
substituted for 1–2 cup liquid
milk: 1–2 – 3–4 oz cheese, 1–2
yogurt, 2 1–2 T nonfat dry
milk

Meat, fish, poultry, or equivalent 1.0–2.0oz 2 The following may be
substituted for 1oz meat,
fish, or poultry: 1 egg, 2T
peanut butter, 4–5T cooked
legumes

Vegetable and fruits 4.0–5.0oz Include one green leafy or
yellow vegetable for Vitamin
A, such as carrots, spinach,
broccoli, or winter squash

Vegetables raw** Few pieces
Vegetables cooked 2.0–3.0T
Fruit Include one vitamin C-rich

fruit, vegetable, or juice,
Raw 1–2 –1 small such as citrus juices, orange,
Canned 2.0–4.0T grapefruit, strawberries,

melon, tomato, or broccoli
Juice 3.0–4.0oz

Bread and grain products 3.0–4.0oz The following may be
substituted for 1 slice
wholegrain or enriched 1–2 –1
slice of bread: 1–2 cup
spaghetti, macaroni, noodles,
or rice; 5 saltines; 1–2 English
muffin or bagel; 1 tortilla

Cooked cereal 1–4 – 1–2 cup
Dry cereal 1–2 –1 cup

** Do not give to children until they can chew well
Source : Adapted from M. E. Lowenberg (1993). Development of food patterns in young children. In P. L. Pipes &
C. M. Trahms (Eds.), Nutrition in infancy and childhood (5th ed., pp. 168–169). St. Louis, MO: Mosby-Year Book;
Kleinman & Committee on Nutrition, American Academy of Pediatrics (1998)



Eating becomes more of a social and fine motor interactive event than strictly a nutri-
tional event. Food play is an expected and important part of toddler development.
Increased finger control allows for experimentation with the physical properties of food.
Social interaction at the family table may take precedence over consumption of prescribed
quantities of food. Parents should not let these changes lead to negative interactions where
the parent attempts to encourage the child to eat more while at the same time be less
messy.

Until the age of 4, children should not be given foods that are hard, round, or that
do not readily dissolve in saliva. Death by asphyxiation can result from choking. Foods
that are most likely to cause choking include hot dogs, grapes, raw vegetables, popcorn,
nuts, and hard candy (Kleinman, 1998).

Soy and rice milk formulas are available for infants of vegetarian families. Other milk
substitutes such as kokkoh, a mixture of brown rice, sesame seeds, sweet brown rice, aduki
beans, soybeans, wheat, and oats, have high-quality protein but cannot be ingested in suf-
ficient volume to provide protein and energy needs. Infants given these milk substitutes
may have inadequate weight gain and have specific nutritional problems, such as rickets,
iron deficiency, and vitamin B12 deficiency.

Toddlers can be successfully weaned to a vegetarian diet with some precautions.
Because vegetarian diets tend to be high in bulk, toddlers may be vulnerable to energy
and nutrient deficiencies. Calorically dense foods, such as nuts, olives, dates, and avoca-
dos, should be encouraged. Additionally, toddlers should be encouraged to eat as wide a
variety of foods as possible. The limited foods included in a macrobiotic diet may put
toddlers at the greatest nutritional risk. Children given lacto-vegetarian (milk included)
and lacto-ovo vegetarian (milk and eggs included) diets have been shown to have normal
growth and development and are of less nutritional concern than pure vegetarian (vegan)
diets (Kleinman, 1998).

Nutritional guidelines call for the infant to double the birth weight by 4 to 5 months
and to triple the birth weight by 12 months. This rough guide gives a more accurate indi-
cation of diet adequacy than standardized tables that are normed on only one particular
race and social-economic status. More clinical measures of adequate nutrition can be made
with a weight-for-height table (Heird, 1999).

When macronutrient intake is inadequate, starvation results. Most human starvation
results from protein and energy deficiency from lack of quantity of food, not from a lack
of selected nutrients. The term semistarvation is also used to describe the condition of
insufficient energy and protein provision. When the lean tissue loss reaches below 50
percent of body weight, death is probable. Death may result from the starvation itself or
from infection, diarrhea with dehydration, starvation-induced immunodeficiency,
hypothermia, anemia, or many other opportunistic conditions (Hoffer, 1999).

Kwashiorkor is the condition of insufficient protein intake. Marasmus is the condi-
tion of energy deficiency intake. Inadequate food intake leads to body wasting, growth
retardation, and emaciation. The Ga tribe of the former Gold Coast (now Ghana) called
kwashiorkor “the sickness the older child gets when the next baby is born.” The most
notable feature of this event is the lack of protein in the child’s diet when weaned from
milk (Torun & Chew, 1999, p. 964).

Marginal malnutrition may not limit energy and therefore may easily be overlooked.
In a study of nutrition in a rural Egyptian village, many micronutrients were found to
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be suboptimal. In toddlers, cognitive and behavioral outcomes were significantly 
predicted by dietary quality (Kirkesy, 1994). Kibel and Wagstaff (1995) state that the
weaning diet of third world children can be greatly improved by adding small amounts
of animal protein or vegetable proteins with the basic weaning cereal. Energy can be
improved by the addition of fat (margarine, oil, or peanut butter) or sugar.

Torun and Chew (1999) state:

Protein-energy malnutrition is the most important nutritional disease in developing coun-
tries because of its high prevalence and its relationship with child mortality rates, impaired
physical growth, and inadequate social and economical development. An epidemiological
analysis from 53 developing countries indicates that 56 percent of deaths in children 6 to
59 months old were due to malnutrition’s potentiating effects in infectious diseases and that
mild and moderate malnutrition was involved in 83 percent of those deaths. (p. 964)

Malnutrition has a deleterious effect on mental growth and cognition. Malnourished
children will have shorter periods of play and physical action and more rest time. The
effects of malnutrition at an early age may include decreased brain growth, nerve myeli-
nation, neurotransmitter production, and velocity of nervous conduction.

Malnutrition occurs within a complex system of human social interaction. Poverty is
the primary social/economic condition associated with malnourishment in both devel-
oped and developing countries. Many factors may influence the eventual developmental
outcome of an infant or toddler experiencing malnutrition. These include the severity,
timing, and duration of nutritional deprivation, the quality of nutritional rehabilitation
and psychosocial support, and the degree of family stimulation. Even with treatment,
many children will never be able to fully recover from infant/toddler malnutrition. Weight
but not height can be restored, resulting in a stunted small adult body size. These chil-
dren also appear to have later problems with cognition, creativity, and social interactions
that may result from the complex dynamic environmental system within which malnu-
trition can occur (Torun & Chew, 1999).

Safety

Infant safety is influenced by a combination of a society’s recognition of risk, the per-
ceived cost/benefit ratio of enacting safety regulations, and the individual parent’s 
motivation and ability to make changes in the immediate environment. In devel-
oping countries, the accidental death of infants is a major issue but tends to get 
overlooked because of the greater problems of infections, diseases, and malnutrition (Kibel
& Wagstaff, 1995). In developed nations, infant safety issues become increasingly
complex as a wider variety of available products introduce a comparable variety of 
new hazards.

Each major developmental milestone increases the variety of safety hazards for the
infant. Rolling over, sitting up, grasping objects, crawling, walking, and climbing each
widen the environment available for exploration and also injury.
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Morbidity and Mortality

The strongest predictor of infant safety within the home is socioeconomic status (SES),
a measure of the families’ income, education, and social class. Education of parents is 
positively related to proactive home safety behaviors and fire-related safety behaviors.
Additionally, higher family income removes the infant from the dangers found in poor
housing, such as lead paint, pest infestation, and unprotected fall opportunities from
windows, doors, and stairways. For example, children in poor families are more likely to
live in apartment buildings than in single family homes. Children living in apartment
buildings are five times more likely to fall from windows than are children living in single
family dwellings. Most children experiencing window falls are males under the age of 3,
playing unsupervised and living in large urban areas, low-income neighborhoods, and in
deteriorating and overcrowded housing (National Safe Kids Campaign, 1996). Deterio-
rating housing is less likely to have safety features, such as window guards, even if required
by zoning regulations.

The effect of SES on accident mortality is strongly evident in a study of burn mor-
tality of South African children. The death rate for young children is seven times greater
for economically disadvantaged colored (multiracial, low-SES African) children than for
white children, whose lower death rate by burns compares favorably with that of devel-
oped nations.

The most frequent types of unintentional injuries in the United States for boys under
the age of 1, in order of mortality, are mechanical suffocation, motor vehicle accidents,
fires and burns, ingestion of food/object (choking), and drowning. For infant girls, the
causes are mechanical suffocation, motor vehicle accidents, fires and burns, drowning,
and ingestion of food/object (choking). These injuries account for 2.6 percent of all male
infant (under age 1) deaths and 2.7 percent of all female infant deaths. These percent-
ages jump to 38 percent and 34 percent, respectively, of all childhood deaths between the
ages of 1 and 4, making injury the leading cause of death for children in this age group.
Over the age of 1, more deaths and disabilities are caused by unintentional injuries than
by all combined causes of diseases (Wong et al., 1999).

A study of mechanical suffocation deaths of 2178 infants between 1980 and 1997
found a relationship between the level of development of the infant and the mechanism
of suffocation death. Wedging, especially between a mattress and crib side or room wall,
is the primary source of mechanical suffocation death for infants between 3 to 6 months
of age. Oronasal obstruction by objects, particularly plastic bags, is the second leading
cause of suffocation in this study. Particularly vulnerable to this type of death are infants
in the 0 to <3-month-old group and the 3- to <7-month-old group. The younger infants
would be unable to grasp and move an obstruction away from their faces when acciden-
tally encountered. The older infants’ development has entered the exploratory level, with
the ability to reach for and grasp objects. Plastic bags are a particular problem because
the plastic adheres to the face through a combination of inhaling and static electricity.
Additionally, plastic bags are strong, therefore they cannot be torn open by a struggling
infant. Entrapments by suspension, hanging, and entanglement occur primarily with
infants 7 months and older, and are associated with crawling and climbing infants
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encountering structural integrity problems of cribs and other infant furniture (Drago &
Dannenberg, 1999). The data from the Drago and Dannenberg study came from death
certificate reports. Their findings of significant danger of overlying for infants younger
than 3 months of age must be viewed with caution in light of more recent findings con-
cerning SIDS deaths associated with soft bedding. Death codes from earlier years reflect
the knowledge base and judgment at the time of cause of death.

The most common source of suffocation for young children in the United States is
latex balloons. These deaths could be prevented by not introducing latex balloons into
the young child’s environment. This includes not giving latex balloons to older siblings
and not using latex balloons for decorations. Mylar and paper balloons are recommended
instead (Baker & Halperin, 1995; Holida, 1993).

A major cause of infant mortality and morbidity occurs from drowning or near-
drowning injury. Drowning is a fatal suffocation with death occurring within 24 hours
of submersion in water. Near-drowning victims survive the first 24 hours but may later
die. One-third of near-drowning victims who are initially comatose yet survive have sig-
nificant neurologic impairment. Buckets, bathtubs, and toilets are the drowning sites most
often found for infants under 1 year of age. Infants left alone in bathtubs, with or without
support seats attached to the tub by suction cups, may fall over and not be able to turn
themselves face up in the water nor sit up in the slippery tub. Toddlers and young chil-
dren most often drown in unattended swimming pools. Infant swimming programs, while
fun for parents and children, do not enable infants to be “water safe” and may foster in
parents a false sense of security if they believe their infants can “swim” a few strokes 
(American Academy of Pediatrics, 1996a; Consumer Product Safety Commission,
#5084). In Southern Africa, toddlers of economically privileged families are more likely
to drown in pools than are infants from poor families. Economically middle- and upper-
class families have more swimming pools, a luxury and a danger not available to the poorer
families (Kibel & Wagstaff, 1995).

Less frequent but no less serious safety hazards include falls, poisonings, and strangu-
lations. Many of these injuries and deaths occur in the presence of parents, who are either
distracted or do not anticipate the increased dangers that accompany increased infant
development.

Baby walkers have been called infant skateboards. Used primarily with infants between
5 and 15 months, the walkers enable infants to achieve surprising speeds. They also give
infants access to hazardous areas, resulting in falls, burns, and poisonings. The primary
cause of baby-walker injuries and deaths is falls down stairs (American Academy of 
Pediatrics, 1995c; Walker, Breau, McNeill, Rogers, & Sweet, 1996). Infants in walkers
may receive more severe injuries when falling down stairs than do infants falling without
walkers because of the increased kinetic energy due to the larger mass and higher initial
speed (Lang-Runtz, 1983; Partington, Swanson, & Meyer, 1991). In the United States,
an estimated 90 percent of infants use a walker before the age of 12 months and 50
percent sustain a walker-related injury. Stationary activity-center seats are recommended
over walkers (Consumer Product Safety Commission, #5086; National Safe Kids 
Campaign, 1996).

A Swedish study found that most poisonings occur between 11 a.m. and noon and
during the hour before the evening meal, when toddlers and young children are most
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hungry and parents are most busy and less vigilant (McKay, 1991). In Canadian and US
studies of shopping-cart falls, the major predictors of shopping-cart injuries were chil-
dren riding in the cart instead of in the seat, riding in the seat unsecured, and shopping
trips that exceeded 23 minutes. Most children fall head first, with 66 percent needing
treatment for head injuries, including 54 percent with severe injuries such as concussions
and fractures. Shopping-cart falls are on the increase with over 16,000 young children
injured in the United States in 1996 (Consumer Product Safety Commission, Shopping
cart injuries; Harrell, 1994).

Ninety-three percent of window-cord strangulations in the United States occur to chil-
dren under the age of 3. As with drownings, these are silent deaths because the victim
cannot call for help. Infants left alone in their cribs are most likely to strangle on 
looped cords while playing or sleeping. Toddlers are more apt to get tangled in cords
when climbing on furniture to look out windows. In the majority of window-cord stran-
gulations (85 percent), parents are home at the time of the death (Rauchschwalbe &
Mann, 1997).

Significant predictors of home-safety practices and fire-related safety behaviors by
mothers include self-efficacy, more vigilant maternal supervisory style, knowledge con-
cerning safety hazards, perception of possible risk of injury, maternal social support, and
previous injury experience of the mother (Glik, Greaves, Kronenfeld, & Jackson, 1993;
Greaves, Glik, Kronenfeld, & Jackson, 1994; Kronenfeld, Glik, & Jackson, 1991; Russell
& Champion, 1996). The results of a Norway study show that parents of infants do take
action to increase household safety when educated about possible dangers (Thuen, 1992).
Even so, more can be done. An Australian study found between 8 and 12 safety hazards
in 75 percent of the homes of young children. Encouragingly, an education intervention
program was found to be significantly successful in reducing home hazards (Paul, Sanson-
Fisher, Redman, & Carter, 1994). Safety education cannot be viewed as a one-time effort.
As each generation reaches adult age and begins childbearing, they need to be made aware
of hazards. As infants and toddlers develop, parents’ attention needs to be directed to the
increasingly complex possibilities for injury.

Consumer Protection for Infant Care Products and Furniture

The Consumer Affairs Bureau of Australia, the United States Consumer Product Safety
Commission, the South African Bureau of Standards, and the Consumer Policy, Con-
sumer Health Protection division of the European Commission and the United States
Food and Drug Administration are examples of governmental agencies with the power
to prevent the retail sale of dangerous items and to remove from retail sales any item
found to present a danger. The widespread regulations of these agencies range from
control of contaminants in baby food, the polymer composition of bottle and pacifier
nipples, the size and construction of toys sold for use by children under the age of 3,
fabric and design of infant clothing, and the construction and size specifications on infant
furniture. The US Consumer Product Safety Commission has been fundamental in the
regulation of crib mattress size and crib slat width to prevent accidental strangulation
deaths of infants. Within the United States, the greatest danger from infant furniture
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comes from outdated models that escaped recall by manufacturers and are continually
passed from family to family through the resale market.

The American Academy of Pediatrics has made the statement that most injuries are
predictable and therefore preventable. Study of the causes of injuries have led to regula-
tions on car safety seats, smoke detectors, child-resistant lighters, child-resistant lids on
medication and household cleaner containers, and window guards on higher-story
windows (American Academy of Pediatrics, 1996b).

Car Safety

Safety for infants during transportation in cars has been greatly increased by the devel-
opment of infant safety seats. Even minor accidents can result in major head trauma and
death for unrestrained infants. A study in Israel found that, of parents owning cars, 49.2
percent admitted to traveling with children held on their laps (Gofin & Palti, 1991).

Current infant safety seats are designed to enclose the infant in a protective shell
attached to the car with adult seatbelts. Survival of infants in demolished vehicles where
other passengers have been killed has become common testimony to the effectiveness of
these safety seats. All states have laws requiring the use of safety seats for infants and chil-
dren under 5 years.

Car safety seats sold in the United States since 1981 must pass a dynamic crash test.
Pre-1981 seats are still available on the aftermarket, being sold at second-hand stores or
passed from family to family. A bigger problem with used seats is missing pieces, missing
instructions for correct use of the seat, seats recalled by the manufacturer for safety 
problems, and damage to the seat from previous crashes (American Academy of Pedi-
atrics, 1996d; Cunningham, 1997). Airbags are being modified to better protect infants
in safety seats (Air Bag Safety Campaign, 1998).

Results of studies on parents’ behaviors in using infant car safety seats are discourag-
ing. Few infants and toddlers are correctly belted into correctly installed seats (Air Bag
Safety Campaign, 1998; Consumers’ Research, 1996; Decina, 1997). Regulations from
the year 2000 require car manufacturers to standardize infant car safety seat installation
and belting mechanisms across all brands and models of cars. This change is expected to
increase correct usage of infant car safety seats.

Conclusion and Future Trends

Western cultural influences on infant care practices in developing nations have both pos-
itive and negative impacts. Immunization efforts have eliminated or greatly controlled
many of the contagious diseases that killed many infants in the past. Conversely, Western
products, such as commercial formula, are sought by parents in many countries where
the average family does not have the economic ability to afford these products. The desire
is created, breaking down the traditional cultural support for breastfeeding, placing
infants in danger.
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As more middle-class women in developed countries have breastfed their infants, lon-
gitudinal studies are now taking place on the long-term benefits of human milk. These
studies were not possible in the post-World War II era when the majority of middle-class
mothers chose formula. Low-SES mothers who did breastfeed also presented too many
potential confounding factors to successfully study the main effect of breastfeeding on
later childhood development. Current research studies are finding possible correlations
with later intellectual development and academic skills.

SIDS is now understood to be a variety of somewhat related factors that somehow
contribute to the death of young infants. The campaign to place infants on their backs
for sleep has resulted in a marked decrease in SIDS deaths. The contributions of other
risk factors remain to be understood.

Finally, the complex ecological system related to optimal infant health and safety has
yet to be understood. Cultural values change over time, as illustrated by the swing in
popular feeding methods in the United States during the past century, from breastfeed-
ing for the first 50 years to bottle feeding following World War II, then back to breast-
feeding in the last decades of the twentieth century. The gap in health care between the
poor and nonpoor is increasingly wide in all parts of the world. Immunizations can effec-
tively prevent many devastating diseases yet are unused or unavailable to a sizeable per-
centage of the world’s infants. The strong body of research on infant development has
aided leaders in many countries in understanding the importance of early quality care of
infants and the benefits of early intervention programs for infants at risk for develop-
mental delays due to birth defects, disease, or environmental factors. Early intervention
programs have been developed on the community, state, and national levels to identify
those infants who would benefit from extra nutritional support, medical care, and devel-
opmentally appropriate therapy. Despite this understanding of the importance of optimal
early care of infants for later development, routine care for infants of employed parents
is often left to the least trained and most poorly paid members of industrialized societies.
Advances in engineering create safer products, leading to fewer injuries and deaths. 
Conversely, most young adults become parents with no formal instruction in maintain-
ing the health and safety of their infants.

Reductions in infant mortality and morbidity in developed countries during the last
century testify that we have the ability to keep infants safe, healthy, and well nourished.
The challenge of the twenty-first century will be to extend that opportunity to all infants
throughout the world.
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Chapter Twenty-six

The History (and Future) of Infancy

Alan Fogel

Introduction

What is best for babies? Cuddling and indulgence? Early training for independent 
self-care? It seems as if there should be one right answer. Babies in every human 
society and ethnic group have similar needs and abilities. In practice, the answer 
depends upon the beliefs that people have about babies. Beliefs about infants and their
care differ between cultures and they have changed dramatically over historical time
within cultures.

The contemporary technology of infant care in Western society, for example, first
appears in the eighteenth and nineteenth centuries, with an increase in pediatric medical
care, advice books for parents, parental devotion to the individuality of each child, books
written especially for young children, and other infant care products and resources. Some
of the present-day beliefs about infants and their care, however, have their roots in 
prehistory.

Why is it important to understand the historical origins and historical pathways of
beliefs about infants and their care? Cultural history is vast in its domain, encompassing
beliefs and values about human rights, morality, marriage and family, war and peace, love
and death. Beliefs about infants are important because to raise a baby is to plant a seed
in the garden of culture. We bring babies up in ways that are consistent with responsible
childhood and adult citizenship. Beliefs about babies are miniature facets of the cultural
cosmos. No culture can survive without providing folkways to guide parental treatment
of babies, and babies would wither outside the shelter of culture.

This chapter on the history and future of beliefs about infancy is based on research
from secondary sources. These include the work of historians and anthropologists who
have studied the primary sources of historical evidence, as well as translations into English
of original historical documents. For prehistorical data, I rely on evidence from observers
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of modern hunter–gatherer societies as well as anthropological data. For the historical
period, the focus will be on the work of historians and translators of original documents
of Western culture (Judeo-Christian, Greek and Roman, and later European and Ameri-
can societies). This research approach may bias my interpretations in favor of the histo-
rian or translator who worked with the original documents and artifacts. A different point
of view may arise from the work of a scholar who is competent to examine the evidence
more directly.

This chapter traces the outlines of prehistorical and historical changes in beliefs about
infancy by highlighting one major theme that was salient to me in collecting these ma-
terials, the historical continuity of a dialogue between empirical and romantic beliefs about
infants. On the empirical side are beliefs related to the early education, training, and disci-
plining of infants to create desired adult characteristics and to control the exploration, shape,
and uses of the body. Romantic beliefs favor the pleasures of babies and adults. Romantic ideas
advocate indulgence in mutual love and physical affection in relationships, they show a respect
for the body and its senses and desires, and the freedom of expression of all of the above.
Although the terms empiricism and romanticism do not come into the English language
until the eighteenth century, the earliest historical records reveal a dialogue between 
belief systems that will later come to be labeled as empirical or romantic. The continu-
ous presence of these two themes across prehistorical and historical time suggests that
they are both essential ingredients in adult relationships with infants. Sometimes roman-
tic beliefs are predominant, sometimes empirical, and sometimes they are in balance 
with each other.

I focus on the dialectic between empiricism and romanticism because it is one way to
link the historical changes in beliefs about infants, changes that might otherwise seem
unrelated. The distinction between the empirical and the romantic is also useful because,
as will be seen in the section on the twentieth century, scientific approaches to infancy
have fluctuated between research devoted to the early training and education of infants
on the empirical side, and research on the normal development and unfolding of the
movements, senses, and feelings of the body. The chapter is divided into the following
sections: The prehistory of infancy (1.6 million to 10,000 years ago), early civilizations
(8000  to 300 ),1 the Middle Ages and Renaissance (third to sixteenth centuries),
the Enlightenment (seventeenth to nineteenth centuries), and the recent past (twentieth
century). The chapter concludes with a speculative section on the possible future of beliefs
and practices about babies.

Prehistory of Infancy: 1.6 Million to 10,000 Years Ago

It is currently thought that all humans are descended from a small population of
hunter–gatherers who first appeared in Africa during the Pleistocene epoch. The Pleis-
tocene lasted between 1.6 million years ago and 10,000 years ago. Beginning about
10,000 years ago and continuing until the present time, humans gradually abandoned
nomadic patterns and began to occupy permanent settlements and to develop agricul-
ture. Homo sapien hunter–gatherer societies first appeared about 100,000 years ago and
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were descended from a long line of other human species that arose at the beginning of
the Pleistocene.

By about 35,000 years ago, Homo sapien sapien hunter–gatherer groups existed in most
locations in the old world, in Australia, and in the Americas. Societies of this period were
composed of small bands of about 25 humans who sustained themselves by hunting game
and gathering wild roots and plants to eat. They would roam typically less than 20 miles
(30 kilometers) and it was rare to encounter another group. Generations lived their lives
within this small sphere of people and place. Hunter–gatherer societies are believed to
have been the only form of human society during the entire Pleistocene epoch. They did
not leave artifacts or other documentation of their infant care practices (Wenke, 1990).
Relatively few such societies survive today. While there is some controversy about whether
surviving hunter–gatherers are similar to prehistorical hunter–gatherers, these contem-
porary groups are considered to be reasonable approximations to prehistorical lifestyles
(Hrdy, 1999; Wenke, 1990).

The human ecology during the Pleistocene is considered to be the environment of evo-
lutionary adaptedness, a term devised by John Bowlby, the founder of attachment theory
(Bowlby, 1969). This is the African Pleistocene environment in which the mother–infant
bond evolved for over a million years, an environment with large populations of preda-
tors who could easily kill and eat a baby. In order to protect the infant from this and
other dangers, the infant was carried in a sling or pouch at all times, never left alone, and
the caregiver responded immediately to fussiness in order not to attract the attention of
predators. As a consequence, humans evolved a mother–infant relationship with con-
tinuous skin-to-skin contact and frequent breastfeeding (Barr, 1990).

The present day !Kung bushmen, a hunter–gatherer group living in the Kalahari desert
in Africa, have been observed extensively. !Kung women carry their infants in a sling next
to their bodies at all times. They breastfeed on demand, as much as 60 times in a 24-
hour period. The infant sets the pace and time of breastfeeding.

Nursing often occurs simultaneously with active play with the free breast, languid exten-
sion–flexion movements in the arms and legs, mutual vocalization, face-to-face interaction
(the breasts are quite long and flexible), and various forms of self-touching, including occa-
sional masturbation. (Konner, 1982, p. 303)

Infants also receive considerable attention from siblings and other children who are at
eye-level with the infant while in the sling.

When not in the sling, infants are passed from hand to hand around a fire for similar inter-
action with one adult or child after another. They are kissed on their faces, bellies, genitals,
are sung to, bounced, entertained, encouraged, and addressed at length in conversational
tones long before they can understand words. (Konner, 1982, p. 302)

The high rate of nursing prevents infant crying and has a natural contraceptive effect
to prevent the birth of another child while the younger one still requires mother’s milk.
Births are spaced every four or five years (Konner, 1982; Wenke, 1990). The Elauma of
Nigeria are also hunter–gatherers (Whiten & Milner, 1986). Three-month-old Elauma
infants spend almost all their time, whether awake or asleep, in physical contact with an
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adult or within 3 ft of the adult. Elauma mothers carry their babies with them while the
mothers go about their daily chores.

A similar account is offered from observations of the Fore people of New Guinea, a
rainforest hunter–gatherer group who remained isolated from the outside world until the
1960s. This group displays a “socio-sensual human organization which began in infancy
during a period of almost continuous, unusually rich tactile interaction” (Sorenson, 1979,
p. 289; italics are not in the original). Play with infants includes “considerable caressing,
kissing, and hugging” (p. 297).

Not only did this constant “language” of contact seem readily to facilitate the satisfaction
of the infant’s needs and desires but it also seemed to make the harsher devices of rule and
regimen unnecessary. Infant frustration and “acting out,” traits common in Western culture,
were rarely seen. (Sorenson, 1979, p. 297)

Because of this indulgence of the senses and a relative lack of overt discipline,
hunter–gatherer societies exemplify a primarily romantic culture. Observations of
weaning both in the !Kung and the Fore, however, suggest that the training of infants –
empirical beliefs and practices – is also important. Although !Kung adults report memo-
ries of the difficulty of losing their close contact with mother during weaning, they also
report that these feelings were alleviated by the presence of other adults, siblings, and
peers. Weaning occurs when the mother becomes pregnant with the next child. Adults
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Figure 26.1 Infants in hunter–gatherer societies are in nearly constant skin-to-skin contact with
people, as shown with this woman holding a baby in Huli village, Papua New Guinea. (Photo ©
Amos Nachoum/Corbis)



believe that with the onset of pregnancy, the mother’s milk will harm the nursing child
and must be reserved for the unborn child. In the words of Nisa, a !Kung woman who
spoke about her life,

When mother was pregnant with Kumsa, I was always crying, wasn’t I? One day I said,
“Mommy, won’t you let me have just a little milk? Please, let me nurse.” She cried, “Mother!
My breasts are things of shit! Shit! Yes, the milk is like vomit and smells terrible. You 
can’t drink it. If you do, you’ll go ‘Whaagh . . . whaagh . . . ’ and throw up.” I said, “No, I
won’t throw up, I’ll just nurse.” But she refused and said, “Tomorrow, Daddy will trap a
springhare, just for you to eat.” When I heard that, my heart was happy again. (Shostak,
1983, p. 53)

Even here, in the most romantic of human lifestyles, in which the body and its senses
are indulged and in which children receive very little discipline or restrictions, empirical
beliefs are present in some form. The discourse between the romantic and the empirical
may be a law of nature, derived from the simple truth that elders require of children some
sacrifice if they are to grow into full co-participation. If the sacrifice is done in the flow
of a balanced dialogue, it will soon be followed by a new and surprising indulgence. The
springhare helps Nisa to let go of her tragic loss and gives her a feeling of sharing in the
more adult-like ritual of hunting. There is also evidence that hunter–gatherer groups occa-
sionally used infanticide – the deliberate killing of unwanted infants and an extreme form
of empiricist practice – for infants who were sick or deformed, those who could not have
survived under the rigors of the harsh environment.

For most of human evolution people lived close to the earth, either on open ground,
in and near trees, in caves and other natural shelters. They were directly attuned to the
earth, its climate, and its cycles. The basic elements of earth, air, fire, and water had enor-
mous practical and spiritual significance. So far as we know, people did not distinguish
themselves as separate from their ecology but as part of it, no different or more valuable
than the basic elements, the plants, and animals (Shepard, 1998).

For people of the Pleistocene, the environment was not an objective collection of rocks
and creatures; it was a form of consciousness in which there was an unquestioned and
nonjudgmental sense of connection to all things. This has been called a partner-
ship consciousness as opposed to the dominator consciousness that appeared later (8000–
3000 ) with the formation of towns, social hierarchies, power structures, and 
warfare (Eisler, 1987).

Beginning about 35,000 years ago, humans developed what has been called mythic
culture, which saw the origins of symbols, representations, language, and storytelling that
served as a way of making sense of the universe. Myths worldwide express the belief that
the world, and all its creatures including humans, is sacred. In mythic culture, the uni-
verse cannot be changed or shaped. Myths served to integrate and explain the various
facets of life and death that were accepted as they were and never questioned (Donald,
1991).

At this time, the first representational art and artifacts began to appear, in the form of
cave and rock paintings and small figurines (Wenke, 1990). The paintings depicted animal
and human forms, possibly spiritual or mythic figures. The figurines were typically about
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palm size and represented women with prominent breasts, hips, and vaginas. They were
believed by many to represent fertility, while others suggest that they represented a goddess-
type deity and a matriarchal social order. These figurines may have conferred fertility on
individuals and at the same time celebrated the mysterious life-giving power of the female.
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Figure 26.2 The Willendorf “Venus” (ca. 20,000 ) is one example of palm-sized statuettes that
appeared to celebrate female fecundity. It is not clear whether these figures were used as talismans
to promote fertility, as representations of a female goddess, or for some other purpose. These 
statuettes were common in central Europe 20,000 to 30,000 years ago. (Photo AKG London/
Erich Lessing)



It is probably during this phase of human prehistory that rituals for birth and death,
along with mythical interpretations of their meaning, first appeared. Although there is
relatively little archeological evidence, we can learn a great deal about birthing rituals and
practices from studies of living tribal societies. In many tribal societies today, for example,
birth occurs in the company of women, close female relatives and older “medicine”
women, shamans who are expert in the practice of childbirth. Plant and animal extracts
are used for the pains of pregnancy and childbirth. In some matriarchal societies, hus-
bands are asked to change their behavior when their wives are pregnant, a practice called
couvade. Fathers in the Ifugao tribe of the Philippines are not permitted to cut wood
during their wives’ pregnancy (Whiting, 1974).

Healing practices and prayer rituals were created in prehistory to foster healthy fetal
development and childbirth. One common practice, used by the Laotians, the Navajo of
North America, and the Cuna of Panama, among others, is the use of music during labor.
Among the Comanche and Tewa, North American Indian tribes, heat is applied to the
abdomen. The Taureg of the Sahara believe that the laboring mother should walk up and
down small hills to allow the infant to become properly placed to facilitate delivery. Taureg
women of North Africa deliver their babies from a kneeling position (Mead & Newton,
1967). Many of these practices are ancient in origin, having been passed down between
generations of women, perhaps from prehistorical times. The effectiveness of some of
these practices is being rediscovered and applied by birthing centers and midwives in
Western cultures today. The past ten years has seen the emergence of professional doulas,
women who are trained to provide advice, assistance, and emotional support to pregnant
and laboring mothers.

There is a great deal of archeological evidence supporting the emergence of funeral
rites during this period. Early burial sites contain vagina-shaped cowrie shells placed
around the dead person, who is also painted with red ocher for the life-giving power of
blood. Mythic humans made connections between death and life, and represented life in
terms of female fecundity. Female goddess figures continued to appear in various mani-
festations, culminating with the goddesses of early agricultural (10,000–3000 ) and
later urban cultures (2000  until the present), including Aphrodite, Athena, and the
Virgin Mary (Eisler, 1987).

Related to the belief system in which all things in the universe are connected and 
have equal status, hunter–gatherers have an egalitarian social structure with respect to 
age and gender differences and have little political hierarchy. An instructive com-
parative study was done between a hunter–gatherer group (the Aka) and a neighboring
agricultural group (the Ngandu) in Central Africa. Both groups live in nearly 
identical ecologies and have subsistence economies. The Ngandu are sedentary 
farmers with political hierarchies and inequalities in age and gender roles. The Ngandu
use more infant care devices compared to the Aka. Infant care devices – such as cradles,
carriers, and toys – are not needed in the Aka due to the constant contact between infants
and adults. The Ngandu infants wear more clothing, are more often physically separated
from their mothers, and mothers are more likely to let their infants fuss or cry compared
to the Aka. Like mothers in the urban cultures, the Ngandu mothers use more 
objects when playing with their babies (Hewlett, Lamb, Shannon, Leyendecker, &
Scholmerich, 1998).
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The comparison between the Aka and the Ngandu suggests that there may have been
a diversity of early human habits and belief systems related to infancy, even during the
Pleistocene. While virtually all humans 100,000 years ago lived in desert and grassland
environments, migration patterns eventually led to adaptations for living in less arid cli-
mates such as coastal and mountain terrain. In the desert, infants must nurse frequently
to prevent dehydration while this is not the case when the climate is more humid. Desert
hunter–gatherers may have had to move frequently, requiring constant physical contact
with the infant for safety. Coastal or riverbank hunter–gatherers may have had abundant
resources close at hand, which would not have required extensive nomadic activity.

For these reasons, it is unwarranted to use the culture of desert-living hunter–gatherers
as the sole basis for making inferences about species-normative patterns of the
mother–infant relationship. The desert-living ancestral populations would have had
mothers who did full-time infant care at the same time they did full-time work. Infants from
other hunter–gatherer cultures may not have needed such constant protection and nursing
from the mothers, allowing her to work while the infant was in substitute care (Hrdy, 1999).

In summary, infancy in prehistory was a very sensual and sensory experience. Infants
developed an awareness of other human bodies from which they obtained nourishment,
constant touch, affection, warmth, and support. They had the benefit of an extended
family of group members. Once they began crawling and walking, infants became famili-
ar with the feel and smell of raw earth and of plants. Living primarily outdoors and in
earthen shelters, they became sensitized to changes in light and temperature, to the cycles
and rhythms of the earth and its climate. To people living in urban societies today, this
ancient way of life may seem primitive and dirty. On the other hand, it would be a primi-
tive form of reasoning to reject the evidence of prehistory and what it has to tell us about
human infants and their families.

For 1.6 million years, humans evolved to derive benefit from close touch and con-
nection to other people’s bodies, to the naked earth, to heat and cold, and to the smells,
sounds, and tastes of the natural world. Humans of all ages perceived no distinctions
between self and world, in the same way that young children today view others as exten-
sions of themselves. They saw the world as animated with spirit and with the same kind
of partnership consciousness as their own (Abram, 1997; Shepard, 1998).

The past 10,000 years is only 0.62 percent of human evolutionary history. If human
evolution began at noon on an imaginary clock, villages and settled life would first appear
at 4 minutes before midnight. Civilization, with urban centers and technologies, would
arise about 2 minutes before midnight. The cradle of human consciousness is not a cradle
at all. It is the belly of a parent, the loving hands of a brother or grandmother, the taste
of milk rising from a teat, the smell of bodies, and a blanket of stars on a summer night.
Every baby born today still has the opportunity to experience this romantic inheritance.

Early Civilizations: 8000 –300 

There is relatively little documentation about infancy and infant care in the art, artifacts,
and writings of ancient civilizations. I came to my own interpretation about infancy in
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these civilizations based primarily on evidence related to beliefs about the family and
about education.

The biblical Old Testament gives lengthy accounts of family genealogy of the Hebrew
peoples. Childbearing and childbirth were viewed as sacred acts, acts in which God was an
active partner (Frymer-Kensky, 1995). When Eve, the mythical original mother, first saw
her son Cain, she said, “I have created a man with God” (Genesis 4:2).

There are many stories in the Old Testament about divine intervention in matters of
fertility. Hannah, for example, prayed extensively and made vows to God to grant her
the ability to conceive and give birth to Samuel. The Bible also gives detailed laws regard-
ing women’s behavior during menstruation, pregnancy, and childbirth. Although there
are no direct descriptions of infancy in the Bible, it is clear from many of the stories that
infants should receive loving care, appropriate blessings for a good and holy life, and that
male infants should be circumcised. Parental devotion was also evident in stories about
the suffering of parents who were asked to sacrifice their infants. When two mothers
claimed to be the parent of the same child, Solomon’s threat to kill the child revealed the
true mother, whose pain was unmistakable. The Hebrew slave revolt in Egypt, which led
to the Exodus and return to the promised land, was precipitated by a Pharaonic edict to
kill Hebrew first-born sons. The story of Moses, sent floating down the Nile by his heart-
broken family and adopted into love by Egyptian royal women, places the concept of
human freedom in direct metaphorical alignment with the act of saving a single infant
from death (Frymer-Kensky, 1995).

The Bible reminds parents not only to love but to educate their children, a combina-
tion of romantic and empiricist views. The importance of teaching children about culture
was written in commandments to Abraham to “instruct” his children (Genesis 18:19).
Regarding the important facets of Hebrew culture, parents were asked to “teach them
intently to your children . . . when you sit in your home” (Deuteronomy 6:7). Child-
rearing among the ancient Hebrews involved discipline accompanied by respect for the
child, as the following passages illustrate: “Train a child in his own way, and even when
he is old, he will not depart from it” (Proverbs 22:6); “Foolishness is bound in the heart
of the child but the rod of correction shall drive it from him” (Proverbs 22:15); and
“Chasten your son for there is hope, but set not your heart on his destruction” (Proverbs
19:18). While some have interpreted these statements as grounds for justifying corporal
punishment, the Old Testament does not specify the type of punishment but makes clear
the need for discipline in the context of love. Other Bible stories reveal the undesirable
outcomes when discipline is too harsh or nonexistent or when parents fail to educate their
children into the stories, rituals, ideals, and history of the culture.

History and literature from ancient Greece and Rome (500 –300 ) also reveal
a mixture of romantic and empiricist sentiments toward infants. On the one hand, writers
advocated a strict upbringing for the purpose of creating a worthy citizen. Babies were
thought to be soft and formless at birth and consequently needed to be hardened and
molded. Various devices were used to keep infants’ hands open, their legs held straight,
and their arms strapped against the body. The right hand was loosened at 2 months to
ensure that the child grew up right-handed. Swaddling bands were used to mold the
infant’s head and body shape. Infants were bathed in cold water to prevent them from
remaining too soft. Nurses used bath times to further mold the child’s skull into a round
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shape, while attempting to shape other body parts by pulling and stretching (Dupont,
1989). The binding and manipulating of infants was not uncommon in ancient times,
as seen in the foot binding of girls in ancient China (which made their feet small but
deformed) and head binding in the ancient Maya (Mexico). Head binding of infants can
also be found in eighteenth-century Europe to give the head an oblong shape (Johnson,
1992).

Roman parents viewed these practices as an expression of their love, so children 
would grow up strong, their bodies well proportioned and held in appropriate postures.
The recognition of the importance of the body for the developing person is salient in
Greco-Roman heritage. Exercises for the body were thought to contribute to a strong
moral character, a belief that was revived in the eighteenth and nineteenth centuries, fol-
lowing centuries of Christian doctrine that deemphasized the pleasures of the body. People
from the educated classes in the Greek and Roman world were expected to hold their
bodies in postures appropriate for each occasion and to speak in a dignified way. 
Gestures were stylized and specific to gender. The nude body was celebrated in real 
life – clothing was scant and sheer for both genders – and in nude sculptures of both
males and females.

Parental devotion to children, especially among the wealthy, is well documented in
Roman literature. Fathers and mothers were equally involved in the care of infants.
Although infants were denied affection, older children whose character had begun to form
were lavished with hugging and kissing (Dupont, 1989; Gies & Gies, 1987). Toys and
games for young children and the values of love and protection for them have been found
in artifacts and documents from ancient Egypt (2000–100 ) and Greece (800–
200 ) (Greenleaf, 1978).

As in the Hebrew culture of the Middle East, Greeks and Romans invoked their own
deities for assistance in supporting the baby’s health and growth. Prayers and offerings
were made for successful childbirth and at each stage of the infant’s life. The belief that
infants’ birth and development was a collaboration with gods or goddesses seems to follow
from the partnership consciousness of the Pleistocene. Infants in these ancient cultures
were not seen as belonging to the parents or as brought into the world by human choice.
Rather, they were seen as part of a divine plan, as one manifestation of the way the uni-
verse works either to the favor or disfavor of humans.

Following prehistorical societies, many early civilizations, such as ancient Rome, prac-
ticed infanticide. The male head of a Roman family had the duty to decide if a newborn
should live or die. This practice eliminated infants who were malformed or sickly. Mal-
formation was thought to be due to an animal nature. Many healthy babies were also left
to die because the family was too poor or the child unwanted (Dupont, 1989). Infanti-
cide continued in Europe throughout the Middle Ages, until Christian beliefs diminished
the regular use of the practice.

Hebrews did not routinely use infanticide. The story of Moses and the Exodus from
Egypt shows that the concept of killing infants was appalling to the Hebrews. Since the
Middle Ages, the narrow passage through the Red Sea and to eventual freedom is a central
metaphor in Jewish prayers for successful childbirth through the birth canal (Frymer-
Kensky, 1995). These ancient Hebrew ideas about the sanctity of childbirth and the cre-
ation of new life were later incorporated into Christian beliefs.
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In summary, we can never know about the details and diversity of actual infant care
practices during ancient historical times. Documents written by educated leaders may
contain more prescriptive and idealistic visions of parenting, visions that the ordinary
family may or may not have put into practice. It seems clear, however, that both roman-
tic and empirical beliefs about infants can be found in the earliest written documents of
Western cultures. Roman writings tended to weigh the empirical side more heavily, while
the Hebrews showed more of a balance between love and discipline. Following the tra-
ditions of mythic culture, these ancient historical societies believed that infants were con-
ceived in partnership with a deity that was beyond themselves. Education was required
in order to create an adult who was best attuned to the will of the gods or goddesses who
were responsible for the mythical foundations of the cultural practices: to cultivate the
body and its senses in order to be more in touch with divinity in the human and non-
human world.

Middle Ages and Renaissance: Third to Sixteenth Centuries

The early Middle Ages in Europe (300–1100 ) began with the fall of the Roman
empire and the gradual spread of Christianity. Primarily rural populations began to settle
in cities and towns. Political boundaries changed during a series of conflicts for power
and control over territory. These factors contributed to the growth of an educated urban
population living next to a class of urban poor who subsisted in more unhealthy condi-
tions than the poor living in the countryside. Because of disease, malnutrition, urban pol-
lution, and ignorance, infants of the urban poor were more likely to die or to suffer birth
defects than those from rural areas. Because disease claimed the lives of both infants and
of mothers in childbirth, many destitute or orphaned children walked the streets as
beggars, thieves, and prostitutes. The prognosis for children growing up in urban poverty
is not much different today.

After 400 , the Christian church began having an impact on the beliefs and prac-
tices of European childrearing. Christians, following ancient Jewish practices, advocated
parental love and worked to protect children from infanticide, abortion, and maltreat-
ment. Gravestones for infants began to appear at this time, as well as special penances if
a parent had done some wrong to a child (Gies & Gies, 1987).

One of the first written accounts that focuses specifically on infant development and
infant care beliefs can be found in the Confessions of St. Augustine (354–430). Augustine
was from North Africa. He studied in Rome and Milan and later became a priest in
Alexandria. His autobiographical account in the Confessions (1991) begins with a remark-
ably detailed and developmentally appropriate reporting of his own infancy. He describes
his birth and goes on at length about how he sucked from the breast and his patterns of
quieting and crying. He reports that his first smiles occurred during sleep, which can be
observed in infants today.

Augustine considers it important to establish the source of his data in the following
way. “This at least is what I was told, and I believed it since that is what we see other
infants doing. I do not actually remember what I then did.” And he goes on, “Little by
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little, I began to be aware where I was and wanted to manifest my wishes to those who
could fulfill them as I could not. For my desires were internal; adults were external to me
and had no means of entering into my soul” (Augustine, 1991, p. 8).

Augustine struggled, as he did throughout the Confessions, with the moral implications
of his “childish” acts. Many of these infantile actions, especially those regarding the 
pleasures of the body, would have been immoral from his adult Christian perspective. 
He concluded that what would be wrong for an adult was natural for babies. Since 
babies could not voluntarily control their behavior, he decided that they were expres-
sing God’s will and should therefore be tolerated for the indiscretions of their youth. 
“Was it wrong that in tears I greedily opened my mouth wide to suck the breasts?” 
(Augustine, 1991, p. 9). He decided that it was indeed acceptable only because it will
pass away with age. These writings express one of the clearest and earliest statements 
in the romantic tradition, that the natural tendencies of infants are to be accepted, 
tolerated, and loved.

Evidence of romantic views and Christian love for infants can be seen in the writings
of Gregory of Tours (sixth century), who describes an epidemic of dysentery that 
killed many infants: “and so we lost our little ones, who were so dear to us and 
sweet, whom we had cherished in our bosoms and dandled in our arms, whom we had
fed and nurtured with such loving care” (Gies & Gies, 1987, p. 60). Around the same
time, the church developed forms of penance for killing infants: three years for abortion
and ten years for infanticide. Other writers of the time report parental mourning of infant
death.

We know a great deal about the emotional life of people in the Middle Ages. Events
such as the death of an infant would have been marked by deep mourning, benedictions,
and ceremonies. One historian of the Middle Ages describes everyday life this way:

All experience had yet to the minds of men the directness and absoluteness of the pleasure
and pain of child-life . . . Calamities and indigence were more afflicting than at present; it
was more difficult to guard against them, and to find solace. Illness and health presented
more striking contrast; the cold and darkness of winter were more real evils . . . All things
presenting themselves to the mind in violent contrasts and impressive forms, lent a tone of
excitement and of passion to everyday life and tended to produce that perpetual oscillation
between despair and distracted joy, between cruelty and pious tenderness which character-
ize life in the Middle Ages. (Huizinga, 1954, pp. 9–10)

We can infer from Christian art and theology that these heightened emotions occurred
at times of both birth and death. In the early Middle Ages, representations of Christ
depicted him as an adult engaged in acts of kindness and love. By the late Middle Ages
(1100–1300 ), images of Christ focused either on his death and the deep mourning
of his companions, or on his infancy and the joy of the mother–child bond. The paint-
ings of the infant Christ held by Mary continued to evolve during this period. When
Christ first appears in painting as an infant, the posture and body proportions are more
adult-like. By the later Middle Ages, Christ looks more like an actual infant. The infant
Christ is typically shown in stylized clothing and with adult-like facial features and 
mannerisms. One painting depicted Christ as an infant making the Catholic gesture 
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of benediction to a group of people kneeling before him. In Renaissance art (after 
1400 ), by contrast, infants and children began to look and behave differently from
adults. Children were sometimes shown playing with toys (Koops, 1996). Not only does
the infant Christ begin to look more like a real baby, but we also see the emergence of
secular paintings of everyday family life and portraits of individual children.

Also appearing in the later Middle Ages were several written medical texts giving advice
for childbirth and early infant care. Trotola, a female physician in twelfth-century Italy,
advised rubbing the newborn’s palate with honey, protecting it from bright lights and
loud noises, and stimulating the newborn’s senses with cloths of various colors and 
textures, and with “songs and gentle voices” (Gies & Gies, 1987). In England at the 
same period, birth often occurred in a warm chamber with plenty of bath water, accom-
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Figure 26.3 Cimabue, Madonna of the Angels, 1270. In this late medieval painting, Christ is 
represented in stylized form with adult-like gestures. (Louvre, Paris/Photo Hervé Lewandowski,
RMN)



panied by the scent of olives, herbs, and roses. It was attended by a female midwife 
and female friends bringing good fortune and joy (Hanawalt, 1993). During the Middle
Ages as in ancient times, the body was viewed as part of God, the earth, the family, 
and the community. Birth took place in public, attended by female relatives, neighbors,
and midwives.

In both Jewish and Christian beliefs of this time, the mother and infant’s shared
embodied experience were as sacred and important as that shared between husband and
wife in the act of love and conception. The great romantic tales of the Middle Ages created
the concept of courtship, honor, love, and sacrifice in couple relationships. Trotola’s 
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Renaissance, Christ was depicted more like a real baby, with an appearance distinctly different from
adults. Around this time, secular paintings of children begin to appear, showing an increasing 
interest in the individual. (Louvre, Paris/Photo J. G. Berizzi, RMN)



prescriptions for birth – with colorful textiles and captivating aromas – would also have
been found on the bodies and in the bedrooms of courting and newly married couples.
The romantic view of love and the sacred body did not extend to other sexual or plea-
surable acts outside of those reserved human relationships that were deemed by Chris-
tians and Jews to be part of the expression of God’s love. Because of these beliefs, there
was a gradual historical decline in the importance of the pleasures of the body, its move-
ments and senses.

Christian baptisms – like weddings – were a public ritual welcoming, taking place in
the church where ancestors were buried. The biography of Bishop Hugh of Lincoln
(1140–1200) describes details of infant action during one baptism led by the Bishop. The
infant “bent and stretched out its little arms, as if it were trying to fly, and moved its
head to and fro. The tiny mouth and face relaxed in continuous chuckles” (Gies & Gies,
1987, p. 203). Apparently, Bishop Hugh took great pleasure in the baby, who was
wrapped in the spiritual significance of the ceremony.

Following the ancient Roman empiricist traditions, infants in the Middle Ages were
seen by upper-class families as pliable and soft, needing swaddling and straightening. Wet-
nurses began to be used extensively for the wealthy. A wetnurse was a woman who was
paid to nurse the child with her own milk in order to spare wealthy women from the task
of nursing the baby themselves. Selection of wetnurses was important because they were
believed to transmit character to the child. Writers, mostly from the church, condemned
the practice of giving children to wetnurses from the poorer classes because the child
could pick up the habits and diseases of the nurse. The Renaissance artist, Michelangelo,
half-jokingly claimed that his skill in sculpture was derived from his wetnurse, the wife
of a stonecutter (Gies & Gies, 1987).

Infanticide, however, was still practiced in the late Middle Ages. Although parents had
to suffer penances, it was not a crime equivalent to homicide as it is today. By the 
thirteenth century, some cities in Europe created church-run hospices to adopt 
orphaned children as an alternative to infanticide, since a child who died unbaptized was
barred from heaven for all eternity (Le Goff, 1987). In some countries today, with urban
stress and poverty, infants are left in parks and in trash bins. Some cities in the United
States and Northern Europe have begun programs that allow mothers to drop unwanted
infants at local hospitals without prosecution. Social service agencies then help to 
find foster homes for these children. Times may have changed, but some of the problems
still remain.

The European Renaissance (1450–1650) began in Florence, Italy where wealthy
patrons funded the development of art and science on a scale not seen since ancient times.
This flowering of culture gave rise to the emergence of a philosophy of humanism. Figures
such as Galileo Galilei, Leonardo da Vinci, and Michelangelo revived an interest in the
fullest development of the person that was found during the classical period in ancient
Greece and Rome. Paintings of nude figures, of secular themes, and of ordinary people
rather than religious figures heralded a reawakening of the values of empiricism and
romanticism that were part of classical traditions. As a consequence, the rearing of chil-
dren took on more importance.

Responsibility for oneself and for one’s children was shifted toward the individual. God was
still present but people were beginning to feel empowered to make more decisions for them-
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selves and their children. At this time, we begin to see the emergence of written philoso-
phies of childrearing in Western cultures. One example comes from Michel de Montaigne
(1533–1592), of France. He condemned violence in education, favored training for honor
and freedom, and condemned wetnursing.

A true and well-regulated affection should be born and then increase, as children enable us
to get to know them; if they show they deserve it, we should cherish them with a truly
fatherly love . . . we feel ourselves more moved by the skippings and jumpings of babyish
tricks of our children than by their activities when they are fully formed, as though we loved
them not as human beings but only as playthings. Since in sober truth things are so ordered
that children can only have their being and live their lives at the expense of our being 
and of our lives, we ought not to undertake to be fathers if that frightens us. (Screech, 1991,
p. 435)

As a result of the spread of Renaissance humanism throughout Europe, by the eigh-
teenth century a profound shift in Western cultural consciousness coalesces, one that
emphasizes the importance of individuals in their own right. Up through the seventeenth
century, the ancient belief persists that all people, including infants, are part of a larger
cosmos of God in partnership with the family. Before the eighteenth century, children
were typically given the names of family members, often that of an older sibling who had
died, in order to emphasize the historical and sacred connection of one person to another.
One sign of the shift toward individuality in the early eighteenth century is that children
begin to be given unique names showing their special status as human beings (Stone,
1979). This focus on individuality led gradually to the emergence of private homes, argu-
ments for the freedom of children and of people of all ages, and separate rooms in the
house for children. At the same time, we begin to see an increasing distance from nature
and from a direct connection with the earth and with God (Gelis, 1989).

In summary, this period in Western culture has two phases. The first was a gradual
change in classical ideas about the importance of the body and its senses. Christian empiri-
cal beliefs favored innocence, chastity, and denial of the senses as a pathway to God. In
contrast, the classical empirical traditions acted to the favor of the gods by shaping the
body into a form to be enjoyed and displayed. Augustine could forgive the infant’s hungers
only until a proper Christian education could begin. This showed that Christians were
more romantic in their views about infancy than the Romans, for example, who advo-
cated relatively early and severe discipline of the mind and body. One could say that the
Christians were more romantic about babies while the Romans were more romantic about
older children and adults.

The second phase of the period from the third to the sixteenth centuries is the emer-
gence of humanism during the Renaissance. This period is a reprise of the classical themes
about the body and its senses set against the historical background of 800 years of Chris-
tian domination of Western culture. Galileo and other leading Renaissance figures were
made famous as much by their important discoveries as by their conflicts with church
authority and belief. These struggles, begun in the palaces of the most wealthy secular
and religious leaders, led eventually to a broader cultural shift in the importance of the
individual as distinct from God, family, and society.
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The Enlightenment: Seventeenth to Nineteenth Centuries

During the eighteenth century, new ideas about the value of human life, dignity, and
freedom began to emerge, a shift of cultural consciousness that is called the “Enlighten-
ment.” On the one hand, there is a revival of classical romantic beliefs as exemplified in
the writings of Jean-Jacques Rousseau (1712–1778). Rousseau, who lived during the
period of the French revolution from the monarchy, argued that childhood was a time of
special privilege, that children bring goodness into the world, and that education should
be sensitive to the needs and inclinations of the infant and young child. Rousseau initi-
ated a social movement that, for the first time, acquires the name romanticism. Many of
Rousseau’s ideas, however, had their origins during earlier historical periods. What is new
here is the emphasis on the romantic individual, the importance of the child as a person
in his or her own right.

Included in this movement are the great English Romantic poets, such as William
Wordsworth (1770–1850), who wrote of childhood in a way that would have been 
recognized by members of a hunter–gatherer community.

Behold the Child among his new-born blisses,
A six years’ darling of pygmy size!
See, where ’mid work of his own hand he lies,
Fretted by sallies of his mother’s kisses,
With light upon him from his father’s eyes!

(From “Imitations of Immortality from Recollections of Early Childhood,”
in Williams, 1952, p. 263)

Other authors, such as William Blake (1757–1827) and Charles Dickens
(1812–1870), also wrote about the life and fate of individual children, but they had a
less than romantic view about them. In Oliver Twist and other famous stories, Dickens
courageously exposed the effects of disease, poverty, child abuse, and child labor for all
to see. Thus, while the value of the individual was on the rise, people disagreed about
what was “natural” compared to what needed to be provided for the child’s healthy 
development. John Locke (1632–1704) believed that children needed more guidance 
and discipline than the romantics advocated. Locke argued that education should 
provide the skills to make rational choices. The philosophical movement to which he
belonged was for the first time given the name empiricism. The origins of Locke’s ideas
can be found in ancient sources such as the Old and New Testaments and Roman ideas
about education.

Locke’s books could be found right beside the Bible on family bookshelves in 
eighteenth-century Europe and the American colonies. Not only did he believe in ra-
tional education but he echoed the contemporary cultural ideals about the importance
of the individual. He wrote, “the little and almost insensible expressions on our tender
infancies have very important and long-lasting consequences” (as quoted in Clarke-
Stewart, 1998, p. 104).

Reversing centuries of Christian doctrine that elevated the spirit above the body, Rousseau
and Locke revived the ancient Greek and Roman ideals about the importance of the body in
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healthy moral development. Locke gave us the now well-known expression, “A sound mind
in a sound body, is a short but full description of a happy state in this world.” Rousseau
suggested that children should “run, jump and shout to their heart’s content.” Their ideas
became used by nineteenth-century reformers of educational practice in Europe and
North America, who advocated that school curricula contain art, music, and physical edu-
cation (Friedrich-Cofer, 1986).

Swaddling was abandoned during the eighteenth century because Locke complained
that it restricted the infant’s freedom of movement and prevented the mother or wetnurse
from hugging and caressing the baby. Parents were advised that infants should exercise
early and use their legs. Within a few years, swaddling was being condemned in England
as an assault on human liberty.

The eighteenth century, and its rising concern for the individual, also saw a 
proliferation of advice books for parents. Between 1750 and 1814, 2400 different child-
rearing advice books were published. By 1800 an entirely new concept entered society:
books published exclusively for young children. A large range of inexpensive children’s
books appeared as quickly as the spread of computer games in the late twentieth century.
Around the same time there was an increase in the number of family portraits for the
middle and upper classes. The invention of photography and film a century later, and
digital recording media after another century, continued to expand this tendency to docu-
ment individual and family lives. The introduction of the Kodak Brownie camera in the
early part of the twentieth century brought family documentation even to the poor. 
The Brownie was easy to use, inexpensive, and users did not have to develop the film
themselves.

The rise of the importance of the individual corresponded with an increase in the
importance of the nuclear family. There was a shift away from the use of wetnurses and
a move toward the maintenance of a private family home. These two changes had the
effect of lessening the duration of breastfeeding. Prior to the eighteenth century, infants
were breastfed at least 18 months. Because the value of the individual applied not only
to infants but to their mothers and fathers, a conflict began to appear between the rights
of parents and the rights of infants. Mothers wanted their own personal time and began
to see breastfeeding as their responsibility and their burden. The result was that infants
were weaned earlier. Husbands wanted their wives to remain sexually available and attrac-
tive and became jealous of the infant’s monopoly of the breast, which was a factor con-
tributing to the relative increase in the importance of the conjugal bond in relation to
the mother–child bond. These historical changes in the family were not seen in all cul-
tures but became the norm for Western families.

The family, rather than the church or educational system, became the main location
for instilling beliefs and values. This was especially true for families moving to the Amer-
ican colonies. The families that took the risky step of crossing the ocean to the New World
had the goal to protect their children from the corrupting ideas of the Old World and to
raise children according to their own beliefs. Colonists believed in the value of education
and that families should be autonomous from government control (Clarke-Stewart,
1998).

During the nineteenth century, the child became an integral part of the definition of
the family. What has been called the “discovery” of the child was due to a number of his-
torical currents that flowed through urban Europe and North America. The first current
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was the segregation of the family from the workplace and the decline of child labor (thanks
in part to Dickens). Second, society began to define the mother’s role as major supervi-
sor of the home. It may surprise many people that the full-time mother and housewife
is a relatively recent historical invention. The final current established love or sentiment
(rather than religion, family inheritance, or economic well-being) to be the bond holding
the family together (Hareven, 1985). This latter current was also coupled with a rise in
the significance of the love bond between spouses. As a result, parents became more
loving, permissive, and egalitarian with children (Clarke-Stewart, 1998).

The development of this segregated nuclear family and its full-time mother was at first
confined to the white middle class. Families from other classes and ethnic and racial
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Figure 26.5 During the nineteenth century, infants and children became accepted as unique indi-
viduals. They received given names that were different from names of other family members, had
the benefit of pediatric care, and the opportunity for educational enrichment. Note how this Berlin
family (ca. 1896) dressed each of their children, including the infant, with unique and well-
tailored clothing. (Photo AKG London)



groups continued to live in extended families in which love, work, and education all took
place within the home and child care was shared by all family members. Women in these
families continued to work in the fields and in the home in the company of their babies,
a practice that had been going on for most of human history (Hareven, 1985). The late
twentieth and early twenty-first centuries, on the other hand, have seen a decline of the
nuclear family and the reemergence of extended families, communal living, and the rise
of single-parent families.

Welfare and medical institutions devoted exclusively to children did not appear in
Europe and North America until the 1850s. Around the same time, we see the develop-
ment of immunization against childhood diseases and the pasteurization of milk. Mater-
nal deaths during childbirth also declined due to the invention of anesthesia and
procedures for sterilizing medical instruments (Greenleaf, 1978). These medical advances
further solidified the family by reducing infant mortality. On the other hand, they led to
a growing trend to move childbirth out of the home and the company of female friends
and relatives and into hospitals surrounded by unfamiliar medical (mostly male) and
nursing staff.

Educators in the nineteenth century, following Locke and Rousseau, viewed the child’s
body as essential to the development of the whole individual. If a child was obese, 
physically awkward, or handicapped, he or she could expect to receive guidance from 
the school. In American schools today, that mandate only extends to the “special needs”
or handicapped child, primarily because of laws that emphasize the value of each 
individual and not because of a belief in the importance of a sound body. Curricula 
in the nineteenth century left plenty of time for free expression and creativity for the
body, such as gymnastics and dance. Team sports and other exercise programs were not
viewed in economic and competitive terms as in North American schools today. Rather,
exercise for children was supposed to create a foundation for the continuation of 
physical exercise through adulthood. These programs grew out of the Greco-Roman 
and Enlightenment emphasis on the importance of the body as well as the mind
(Friedrich-Cofer, 1986).

Empiricist views could be seen in the rise of education for infancy. Infant schools in
the nineteenth century were meant for poor children, for early prevention of childhood
disorders, for combating urban crime, teaching reading, or to give poor children proper
middle-class values and supports (Clarke-Stewart, 1998). Infant schools later became
available to middle-class families. In 1840, in Massachusetts, half of all 3-year-olds were
enrolled in infant schools. Later in the nineteenth century, however, the practice of
sending infants to school was condemned because it put too much pressure on children.
The romantic view reemerged in the belief that children should develop naturally instead
of being “pushed.” Similar ebbs and flows of the value of infant education (schools,
musical training, reading, etc.) can be seen throughout the twentieth and early twenty-
first centuries.

The nineteenth century was also a period in which science became a new voice of
authority, gradually supplanting religion as the sole source of knowledge and guidance.
Observations of infants were first recorded by educated European and North American
parents during the eighteenth and nineteenth centuries. Their diaries, known as “baby
biographies,” were partly meant to document the individual child and his or her devel-
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opment and partly meant as observations in the scientific tradition of natural history.
One has to put the baby biographies into the prior historical context to understand their
significance. Never before had people devoted time and energy to the documentation of
the life of a single, individual baby.

Biographers were aware of the distinction between a more empirical approach and a
more romantic approach to their recordings. Charles Darwin, for example, recorded the
development of his son, William. When William was only a few months old, Darwin was
trying to be an objective observer. Darwin added more references to himself as his affec-
tions for William grew and as William became more expressive. Darwin thought these
references to himself were unscientific, so they were deleted in the versions of his diary
that he published (Conrad, 1998).

Female diarists were more romantic. Elizabeth Gaskell (1810–1865), a well-known
English novelist of the time, wrote a brief biography of her oldest daughter, Marianne,
the first of her seven children. Gaskell focuses mostly on moral development, in com-
parison to the male diarists who recorded primarily sensorimotor and expressive devel-
opment (Wallace, Franklin, & Keegan, 1994). Gaskell recognized her stance as participant
observer in the following passage describing Marianne at 6 months.

I should call her remarkably good-tempered; though at times she gives way to little bursts
of passion or perhaps impatience . . . she is also very firm . . . what I suppose is obstinacy
really, only that is so hard a word to apply to one so dear. But in general she is so good that
I feel as if I could hardly be sufficiently thankful, that the materials put into my hands are
so excellent and beautiful. And yet it seems to increase the responsibility. If I should mis-
guide from carelessness or negligence! (Gaskell, 1996, p. 5)

This passage is enlightening because it gives us a view of the infant–mother relation-
ship and not just of the infant. Diaries were later dismissed by more empirical (i.e., 
less romantic) scientists in the twentieth century, in part because they could not be 
verified.

In summary, the most radical historical change in beliefs about infancy began to unfold
during the period between the seventeenth and nineteenth centuries. The rise in the
importance of the individual had its roots in earlier Judeo-Christian beliefs about the
value of human life and the importance of cultural education. The Renaissance saw a
decline in religious art and the emergence of secular themes, texts, and paintings about
ordinary people rather than religious or mythical figures. Although these historical roots are
unmistakable, the rapid advances in technology, in science, and in education during the
Enlightenment created the conditions for a major historical change in cultural consciousness
– the emergence of the “individual” – a change that affects every aspect of life in Western soci-
eties today. The codification and consolidation of human rights, liberties, and self-
enhancement was propelled by people who had unique names, whose identity was
founded upon personal accomplishments, and who grew up in a family that respected
them as growing individuals. Baby biographies, and the belief in the importance of indi-
vidual infants, opened a path into a historically unprecedented documentation of infancy
during the twentieth century.
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The Recent Past: The Twentieth Century

Changes in beliefs about infancy seem to have accelerated during the twentieth 
century, in part because of mass communication about infancy and infant care and
because of an increase in scientific studies of infancy. It may be that beliefs and practices
related to infancy changed every few years in all historical periods. Because these 
beliefs and their fluctuations were not documented, however, we have no way of 
knowing. The history of infancy during the twentieth century is characterized by con-
tinual debates between romantic and empirical sentiments, as well as shifts every five to
ten years between infant care practices favoring one view or the other. It also becomes
increasingly difficult to separate the history of infancy research from the history of infants
in the family. Infancy research has impacted every facet of infant care. At the same time,
scientists as people living during these times were impacted in their own life histories with
the beliefs of the larger culture, and those beliefs permeated the methods and values of
their science.

Earlier debates over romanticism versus empiricism were replaced in part by discus-
sions about the contributions to development of nature (genes) versus nurture (environ-
ments). Arnold Lucius Gesell (1880–1961), following in the romantic tradition, claimed
that the orderly developmental changes seen in early development were specified by the
genes; developmental stages were “natural.” Gesell made careful measurements of devel-
opmental changes in size, motor skill, and behavior in infants and young children, the
first scientist to use a one-way mirror for unobtrusive observation and the first to use film
to record behavior. John B. Watson (1878–1958), an empiricist by contrast to Gesell,
believed that, given the right kind of “nurture,” infants were entirely malleable. He taught
small children to be afraid of cuddly animals by making loud noises whenever they
touched the animals, research that would be considered unethical today. Watson was suc-
cessful, however, in convincing people that even the most basic and innocent of infant
behaviors could be shaped by outside forces.

Watson’s childrearing advice harkened back to the ancient Romans. Parents were told
not to hug and kiss their children, except on the forehead before going to bed, or a pat
on the head if they performed well on a task. Mother love was a “dangerous instrument.
An instrument which may inflict a never healing wound, a wound which may make
infancy unhappy, adolescence a nightmare, an instrument which may wreck your adult
son or daughter’s vocational future and their chances for marital happiness” (Watson,
1928, The Psychological Care of the Infant and Child, as quoted in Konner, 1982, p. 311).
Watson was especially appealing to immigrants coming to North America, people who
believed that they could make a new life for themselves and their children. Anyone could
succeed, regardless of past history or genetic heritage.

Given the ancient historical dialectic between empirical and romantic beliefs, Watson’s
extremism was begging for a romantic counterargument. It appeared in the work of
William James, Karl Jung, John Dewey, and Sigmund Freud, all of whom emphasized
the emotional and creative aspects of the child, highlighting love, indulgence of the
infant’s needs, and the freedom of the individual. Freud (1856–1939), for example, 
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recognized that all infants experienced emotional highs and lows and that even 
infants felt the need for love and possessed powerful desires. Freud recognized the impor-
tance of the body – the oral, anal, and genital regions – as powerful organizers of 
the developing psyche. The vicissitudes of infant care led to a more or less repressed 
adult, one who accepted and enjoyed the body or felt repression about the body and its
desires.

Freud’s daughter, Anna, taught parents to hold and cuddle their babies, to indulge
their senses and respect their emotions. She counseled parents to be patient in order to
allow their babies the time to manage their own desires in appropriate ways (A. Freud,
1965). On the other hand, Freud’s ideas blamed parents who could not meet their chil-
dren’s needs. Parents were considered to be the main cause of neurosis and repression in
their children. At the same time, during the 1930s and 1940s, there was an increased
demand for infant education in nursery schools. This was meant to counter an overde-
pendence on parents, prevent neurosis, and to give group training (Clarke-Stewart, 1998).
It was also a response to the shortage of male workers during World War II and the need
for women to join the workforce.

Following the war, the 1950s became a period of the redomestication of women in
the United States. Mothers were expected to be the main infant care providers and fathers
were meant to be the wage earners (Lamb, Sternberg, & Ketterlinus, 1992). During this
decade, there was revival of a more romantic view of relationships. This was the era of
Abraham Maslow, Carl Rogers, Fritz Perls, and Willem Reich, each of whom created psy-
chotherapies of caring, warmth, mutuality, responsibility, and affectivity. Reich in par-
ticular, a disciple of Freud, emphasized the importance of the body and its full expression
of desires, senses, and pleasures as a key to psychological health.

This is the period in which John Bowlby, mentioned earlier, began to publish his 
classic studies of mother–infant attachment. Bowlby believed in the importance of a 
close and affectionate mother–infant bond, a bond he believed to be primarily and 
exclusively with the infant’s biological mother. He based his conclusions in part on 
observations done on hunter–gatherer societies and in part on the evolution of humans
during prehistory. A similar approach was taken by reformers of hospital childbirth pro-
cedures, who advocated a reduction in maternal anesthesia and a return to more natural
and traditional approaches such as controlled breathing, upright postures, and home
births. These reformers favored breastfeeding over bottle feeding, and looked to 
Pleistocene practices in order to make childbirth a more satisfying and pleasurable expe-
rience for mother and infant. Few mothers and few hospitals of this era, however, adopted
these practices.

The dialectic began to swing toward empiricism again in the 1960s and 1970s in the
rapid growth of scientific approaches to psychology inspired in part by the Cold War,
when Western leaders decided that the education and training of their citizens was the
best way to combat the technological threats of advanced weapon systems. Research on
infancy turned away from studies of emotion and focused more on infant learning and
cognitive development. The Competent Infant (Stone, Smith, & Murphy, 1973) reflected
a desire by scientists to discover early signs of intelligence in infants. Many parents placed
their infants into highly structured programs to teach reading, word learning, music, and
mathematics before the age of 3 years.
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The rise of the women’s liberation movement during this period conspired also to
create increased demand for infant day care and nursery schools. Betty Freidan’s publi-
cation of The Feminine Mystique in 1963 led to an increase of women who sought indi-
vidual fulfillment in their lives through employment and schooling. A final trend leading
to increased demand for infant care during this period was the rise of single mothers who
needed to be employed in order to support their children (Lamb et al., 1992).

The work of Jean Piaget from Switzerland and Lev Vygotsky of Russia began to 
inspire scientific understanding of infant cognitive development and how the infancy
period served as a foundation for later intellectual functioning. Both Piaget (1952) and
Vygotsky (1978) can also be read as primarily romantic thinkers since they viewed child
development as a profoundly creative action, arising in the “natural” discourse between
young children and their environments, including the cultural environment. In their view,
the environment was not shaping the child but providing what the child needed at the
time and place in which learning was most likely to occur. Paradoxically, however, their
work was read and applied – in infancy research and in early childhood education – 
primarily for its empiricist connotations; absorbed into the cultural search to make 
babies smarter.

This empiricist trend continued in the 1980s by an interest in helping and educating
infants who were at risk for developmental difficulties, such as infants who were prema-
ture, handicapped, or victims of abuse. This focus on risk was associated with the empiri-
cist idea that all humans can excel, given the right kind of childrearing (Clarke-Stewart,
1998). The same philosophy also brought the ideal of a “supermom” who could be
employed, be a great mother, and wonderful and loving wife. The 1980s also saw an
increase in the amount of time fathers spent with their babies.

The romantic view returns in the 1990s with a rise in studies of parent–child rela-
tionships, emotional development and attachment, and communication and language
(Schneider, 1998), while the more empirical approaches to infant development con-
tinued to grow in such fields as cognitive neuroscience and behavior genetics. The trends
of the 1970s and 1980s, which focused on babies growing up and getting smart as quickly
as possible, are currently being replaced by ideas about slowing down and appreciating
each phase of a baby’s life. Research today has expanded to encompass diversity in par-
enting and culture: families at risk, substance abusers, handicapped infants, different
ethnic groups, gay-lesbian families, fathers, preterm infants, and infantile autism. Meeting
an infant’s socioemotional needs is seen as important as cognitive and academic growth.
There is also a focus on threats to safety such as accidents, abuse, crime, and the origins
of psychopathology.

The recent return to romanticism has led to the growth of the holistic health and medi-
cine movement with a focus on body awareness, yoga, massage, meditation, and the
healing potential of relationships (Schneider, 1998). These ideas have their origins in
ancient non-Western cultural beliefs, such as Chinese, Japanese, Indian, and Native 
American approaches. In this chapter on Western culture, there is no opportunity to
review the history of beliefs about infants in these other cultures. A notable characteris-
tic of these cultures is that, even in the twentieth and early twenty-first centuries, the
individual has not become salient in the cultural consciousness. These cultures, like
ancient Western culture, were founded upon a mythical culture in which humans were
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connected to all things. Their traditions focus on understanding and utilizing relation-
ships between people, relationships between the various systems of mind and body, and
between people and their social and physical environments. These cultures tend to be
more romantic than empirical, accepting infant behavior in its “natural” form and reject-
ing early discipline and training of infants (cf. Kojima, 1986).

There is also a recent trend in Western cultures toward using knowledge about infancy
to contribute to the healing of children and adults. Current psychoanalytic traditions
advocate a therapist–client relationship that is modeled after what is believed to be the
most healthy form of the mother–infant relationship: a balance between love and play-
fulness on the one hand, and encouragement for independence and self-awareness on the
other (Ehrenberg, 1992; Stern, 1985; Winnicott, 1971). There has been a partnership
between therapists for adults and scientists who observe the mother–infant relationship.
Somatic awareness therapeutic approaches to adult healing are based on the re-creation
of observed patterns of infant learning through movement and touch. All of these
methods are founded upon the view that there is something rejuvenating that occurs when
adults reexperience their bodies and their interpersonal relationships in a way similar to
being a baby.

Watsu, for example, is an aquatic somatic awareness method that explicitly attempts
to re-create an optimal infant experience. During a Watsu session, clients are moved freely
in warm water, stretched gently, and cradled in the practitioner’s arms. “By being moved
so freely through the water, by being stretched and repeatedly returned to a fetal posi-
tion, the adult has the opportunity to heal in himself whatever pain or loss he may still
carry from that time” (Dull, 1995, p. 65).

In the Rosen Method, clients lie on a padded table while the practitioner’s open hands
make gentle contact with areas of the body that appear to hold muscular tension and
restrict free breathing. Rosen practitioners believe that the body tells its own story shaped
by early life experiences, many of them forgotten and unconscious. As a result of either
ordinary or traumatic events, people shape themselves through muscular tension in what-
ever way that helps them to survive. Through the gentle touch of the Rosen Method,
people deeply relax and breathe easier and begin to remember the experiences in which
they learned to unconsciously contain their tension. Through that knowledge, the indi-
vidual can regain fuller movement, ease, and a sense of well-being (Wooten, 1995).

Moshe Feldenkrais invented a system of body movement education that reawakens,
develops, and organizes capacities for kinesthetic (sensorimotor) learning. Whereas chil-
dren before the age of 3 learn movements by relying on their sensorimotor experience,
older children and adults in technological cultures often behave according to social expec-
tations, distancing themselves from their bodily feelings. Because the Feldenkrais method
involves the emulation of how young children learn, its therapeutic value hinges on releas-
ing capacities for learning that had been left behind in childhood (Reese, 1985).

In summary, as in past centuries, the twentieth century continues the historical ebb
and flow and romantic and empirical beliefs about babies. Individuality, human rights,
and personal freedoms have become such a major component of Western cultures that it
is easy to forget the “individual” was a cultural invention that became elaborated during
the eighteenth, nineteenth, and twentieth centuries. Yet, from the perspective of the vast
time scale of human existence on this planet, the individual is an aberrant form of 
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consciousness. It was invented only a few seconds before midnight on the imaginary clock
of human evolution that began at noon. It does not generalize to other cultures from
whom we have recently borrowed expertise in the healing arts: the Native American and
the Chinese, for example.

The pleasure derived from exploration of the body – like the pleasure of sexual activ-
ity – was probably one evolutionary means for making sure that people developed the
body in order to use it as a pathway to the fullest forms of connections with others and
with the environment. The individual arose out of the historical and prehistorical roman-
tic traditions respecting the value of the body and its senses. While the romantic view
has lasted for as long as humans can remember, it is less clear – since the individual is 
a relative newcomer to human consciousness – whether the concept of the individual 
will survive and enhance human life or whether it will die out like many other cultural
inventions.

Whatever the ultimate significance of the individual for human growth and develop-
ment, it is uniquely Western in its origin and application. The constitutional governments
of most Western nations are founded on the value of the individual. Virtually every law
enacted for and about infants and the family in the United States during the twentieth
century, for example, is based on the notion of rights. The concept of the individual has
spawned new forms of infancy beliefs such as the importance of independence training, a sense
of entitlement that pervades early parent–infant discourses about the self, and a sense of fair-
ness and rights that underlie Western conceptions of morality and ethics.

Beyond the continued development of the concept of the individual infant, it is dif-
ficult to summarize the changes in infancy during the twentieth century. For further ref-
erence, I have written a book about what is known and understood about infants (Fogel,
2001). Partly, the difficulty of encapsulating the recent history of infancy is due to 
the complexity of change and partly to the historically unprecedented extent of docu-
mentary evidence. In addition to what has been mentioned, there are currently dozens
of scientific journals devoted to prenatal and infant development, many magazines and
books for parents, and thousands of Internet sites about infancy, ranging from scientific
reports, to advocacy organizations, to infant care advice, and to family photos and 
videos. At least twice each week there is a story in my local newspaper about pregnancy,
childbirth, or infancy, about life and death of babies in families, about technological 
and genetic innovations, or about legal and ethical issues such as harvesting stem cells
from aborted fetuses. We are on the threshold of a future in which infancy may change
in unknown ways.

The Future

The specifics of the future cannot be foreseen. The general pattern, the empirical–roman-
tic dialogue, will continue. As in the past, each of these poles will affect the other. Just
as Watson’s ideas were challenged by Freud and Freud’s by proponents of early intellec-
tual development, opposing views will arise as counterbalances to each other, changing
each other and the concept of infancy in the process. In order to create a reasonable and
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scientifically based account of the future, I will limit this section to extrapolations of
current innovations that are already changing the nature of infancy.

The empirical trends of the future will be related to finding new ways to control repro-
duction, fetal, and infant development: the increasing application of engineering and biotech-
nology to the end of shaping the infant’s body and mind to conform to a cultural ideal. People
in the future will not use a Roman mechanical device for giving an infant’s head or body
a particular shape. Instead, they will regulate the development of body form using a 
fine-tuning between genetic and environmental processes involved in pre- and postnatal
development.

The romantic trends of the future will involve the continued discovery of the rejuvenating
aspects of re-creating infancy for adults and the revival and preservation of some of the pat-
terns of the Pleistocene parent–infant relationship. Future humans may not all have access
to the outdoors but these environmental conditions may be created by virtual means. The
pleasures of close contact and sensory indulgence between parents and infants will become
universally recognized as essential ingredients for the healthy development of the indi-
vidual and society.

Speculation about empirical trends in the future comes from current genetic research.
Scientists have already shown that replacing, selecting, or cloning genetic material is only
part of the developmental story. The environment – its structure and timing – is also
crucial to the developmental process. We will know the precise environmental conditions
under which certain genes will be expressed while others are suppressed. Part of the envi-
ronmental control of the genes could come from within the organism. Scientists are
already envisioning transplants of organic computers into the fetus or infant, transplants
that will combine developmentally with inherited or altered genetic material to harness
the body’s power for releasing its own enzymes and transmitters that help regulate gene
action for healthy development.

In this manner, all developmental disorders will be eliminated. Since close to 90
percent of human dysfunction and disease originates in the prenatal and perinatal periods,
this will mean the elimination of handicaps, sensory impairments, psychological disor-
ders, and most of the major diseases from which people currently suffer. And, since vir-
tually all disorders – including aging – are developmental disorders (they grow over time),
accidents and injuries, made very rare by the same kind of engineering that now produces
automobile seat belts and air bags, will be the only cause of death. Organic computers
that selectively regulate gene action could also be used to treat the few adult injuries and
ailments that do not have their origins in the prenatal and infancy periods.

In the short run, this achievement will come at a huge expense: genetic experiments
designed to eliminate an undesirable trait will have the unpredictable consequence of
altering the more adaptive traits with which such genes are typically associated. Bipolar
disorder, for example, is correlated with creativity. How can one be eliminated without
inhibiting the other? Since genetic experimentation on humans will be considered un-
ethical, genetically engineered plant and animal species will alter the biosphere in ways
that threaten human survival. Humans will be challenged to save themselves as a species.

A new wave of empiricism will lead the way toward the solutions to these problems.
In the not-too-distant future, the world will witness the birth of a new generation of
genetically altered humans. Their parents, the children of survivors of the ecosystem

752 Alan Fogel



breakdown, will have begun the return to romanticism. Freedom from disease and defor-
mity will lead to an era of peace and creativity. This idyllic period will later fade as humans
face some new threat that requires us to revive empiricism and restrict personal freedoms
for the sake of disciplined adaptation.

These generations of genetically engineered people will have a different patterning of
development stages. Some developmental periods will be speeded up, others slowed down.
We already know that individuals age faster when they are under stress. The environ-
mental stress has the effect of speeding up the developmental process, making a child
more adult-like and giving an adult the appearance of premature aging. It is already the
case that children in industrialized nations – with the best health care, education, parental
love and support, and easy access to the world via the Internet – are speeding up their
early phases of development. They begin adolescence earlier than when I was a teenager
in the 1950s. They also end adolescence later, with continued financial and emotional
reliance on the family into their twenties and thirties. In the future, these processes will
have been understood and our genes will have been modified to better fine-tune our devel-
opmental rate of change with regard to the vicissitudes of life. New stages may emerge
in the life course, stages that cannot even be imagined today.

It is easier to contemplate a historical change in the duration and meaning of adoles-
cence, since it is already happening. Could infancy also be shortened or extended? Infancy,
in the sense of helplessness, could be curtailed if infants could control their environments
at earlier ages than is typical today. Research has already shown that very young babies
can be taught to control environmental consequences by sucking faster or slower on an
automated nipple. Perhaps babies will be able to use their sucking to activate their own
email address and favorite websites in the crib-side media center. They could communi-
cate with parents on-line. If parents were unavailable, the baby could select virtual images
of parents that interact – perhaps even with tactile contact – in the most satisfying ways,
day or night. Those human-looking robots in science fiction don’t just have to fly space
ships, kill aliens, and be romantic partners. What about robotic wetnurses to deliver
contact and milk, sing lullabies, and play games, just when the baby needs them?

These devices will do more than just spoil babies. They will deliver culturally accept-
able educational programs, provide culturally appropriate discipline and limit setting, all
tailored to the requirements of the parent’s values and the needs of the individual child.
Parents will be able to adjust the inputs for their child but only within the limits dictated
by the culture and by the ranges of genetic tolerance for stimulation and change. These
will come preset by the manufacturer.

Do these empirical achievements necessarily foster an uncomfortably sterile, regi-
mented, totalitarian society such as that depicted in many science fiction accounts of the
future? Does bioengineering mean the loss of human diversity, a reduction of the inde-
terminism and creativity that gives human life, as we’ve known it, its mystery, playful-
ness, and surprises? Will there be romanticism in the future?

The more humans learn about how to predict and control behavior and development,
the more we will realize the limits of control. The most comprehensive theory that exists
today, which explains the growth and development of physical, biological, and psycho-
logical systems – the theory of dynamic systems – has already firmly established that at
the heart of all forms of order is disorder. Chaos is a mathematical concept that expresses
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the property of complex systems to have some general structure that repeats over time
but never in exactly the same way. Dynamic systems theory allows for the possibility of
indeterminism, the idea that not everything a person does, and not every turn in that
person’s development, can be predicted from known laws or principles. Indeterminism
suggests that even if we could measure all the relevant variables, regulate all the genes and
environment in a system, we still could not completely predict its future behavior (Fogel, Lyra,
& Valsiner, 1997; Prigogine & Stengers, 1984).

Because of this, mystery and self-discovery will be recognized as central to the devel-
opment of healthy human beings. Education will become a lifelong practice of enrich-
ment and self-development. Since developmental pathology will have been eliminated,
the healing professions of today will be transformed into forms of educational enrich-
ment. Moshe Feldenkrais, for example, was insistent that his method was not healing or
therapeutic but rather educational. Feldenkrais movement exercises are called lessons and
professionals are called teachers or practitioners. Schools will become community centers
in which people will have a great deal of free time to directly interact with each other
and to devote to creativity and the improvement of self, family, and society. Life and work
will blend together in the setting of the extended family and community. The indulgent
self-discovery that is the essence of infancy and early childhood today will be extended
throughout the life course. The infancy period will thus be elongated in the form of con-
tinued playfulness, openness to new experiences, and a lifelong commitment to getting
up after falling down.

Humans will become nomads in the land of self-discovery. Small groups will journey
together to explore different parts of this and other worlds, different parts of themselves,
and different parts of each other. In the land of self-discovery, there will be no fences, 
no personal property, an endless supply of nourishment for growth. A sense of the pos-
sibility for a connection to all things will permeate every person’s life.

A balance between body, mind, and spirit will be the goal of development at all ages.
Humans will discover that the appropriate environments to enhance our genetic poten-
tial involve the cultivation of all the senses: taste, touch, hearing, sight, and smell. Music,
dancing, and all forms of artistic and athletic expression will be part of every person’s
upbringing. Body awareness, meditation, touching and being touched, and spiritual prac-
tice will be daily events. Contact with nature will be available to everyone: no home will
be without a real or virtual garden and parks will dominate urban landscapes. Entertain-
ment media will bring realistic adventures, losses, journeys, and romance into people’s
lives, so – like people in medieval times – they can experience all of their emotions on a
daily basis.

Because of the intrinsic value of indeterminism and the evolutionary significance of
diversity, humans will find ways to create and cultivate healthy differences between each
other. As disease, poverty, deprivation, and disability are eliminated, other differences
between people will be enhanced. The palate of skin colors, cultures, talents, body shapes
and sizes will become more differentiated. All humans will accept and celebrate their dif-
ferences as part of what is “natural” for the species in order to enhance our ability to adapt
to unforeseen changes. Every baby will be an important addition to society, welcomed
into a network of love and touch. Because the ecosystem and the geopolitical system will
have regained its balance, no one will be unwanted, no one will be poor or hungry, no
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one will lack services and supports. Every newborn will be entitled to love, security, shelter,
nutrition, self-enhancement, and an extended family.

In my romantic vision, we will indeed preserve our humanity. In fact, we will enhance
what it means to have a human body that needs touch, love, and adventure. What we
hunt and gather will be different but we will not cease wanting to participate in those
endeavors.

Another future can be imagined: one that denigrates needs as frailties and that suc-
ceeds to eradicate them from the gene pool. Our bodies will no longer be susceptible to
heat and cold, hunger and pain. Sensation will become extinct. What would a baby in
this future be like? Hard and withdrawn? Sucking power from a global energy grid with
wide, vacant eyes? A disembodied mind?

Since the romantic pleasures are our million-year inheritance and since they continue
to be revived even after centuries of repression, I don’t believe that humans could long
endure this type of future. Enlightened romanticism requires training in how to use the
body, how to develop one’s skills at self-discovery and self-expression, how to remain con-
nected with others and the world around us. Without romanticism, empiricism becomes
harsh and intolerable. Endurance and indulgence, self and other, separateness and con-
nection, mind and body: these are birthrights.

Note

1 The abbreviations  (before the common era) and  (after the common era) will be used
to mark dates. These are equivalent to the Christian markings of  and .
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