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Preface

he idea for this handbook originated in discussions within the International Commit-
tee of the Society for Research in Child Development (SRCD) when Oscar Barbarin
served as its Chair. The committee identified education as an issue that would be of
interest in all corners of the globe. Reflecting both concerns and hopes, education is
widely viewed in strikingly similar ways as essential to the advancement of national
interests in geographical areas as diverse as Africa and Europe, North America and
Asia. The common thread connecting these global hopes and concerns is the recogni-
tion of the contribution that quality basic and advanced school education can make to
social welfare and economic prosperity in times that demand a well-trained workforce
and a well-informed citizenry. Linked to its promise as an engine of economic develop-
ment is the gnawing concern across countries that their educational systems are failing
to deliver and to provide the needed technological competence, creativity, and problem-
solving skills. Questions are raised across the board, from the adequacy of pedagogy,
curriculum, and teacher training to issues of social, economic, and gender equity in
access to quality education. These problems are complex and permit no easy solution.
Developmental science has much to offer in addressing these concerns. However,
too little of this body of work has found its way into teacher education and classroom
practice. There are many good reasons for this. Applications of research findings to
teaching and learning are difficult because they require additional efforts in translating
basic research to make it accessible to those who prepare curricula and train teachers.
Working seminars that bring researchers and educators into cross-disciplinary conver-
sations offer one way to address this disconnection between development of science and
educational practice. The SRCD International Committee pursued such a strategy by
creating a Successful Schools Working Group to explore diverse approaches to problems
commonly faced in the education of children and adolescents around the world, and
to extract principles from existing conceptual models and research that might help to
guide the design of education programs. The Successful Schools Working Group, which
includes Oscar Barbarin, Kevin Miller, Anna Stetsenka, Chuansheng Chen, and Beth
Kurtz-Costes, proposed a series of conferences on the topic of Schooling and Develop-
ment. The first in the series, a seminar focused on early education, was carried out
jointly with the Frank Porter Graham (FPG) Child Development Institute at the Univer-
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X Preface

sity of North Carolina, Chapel Hill. The seminar was made possible through the finan-
cial support of First School (FPG) and SRCD. The seminar series took place at FPG and
at the SRCD biennial meeting in Boston. Web-based technology made possible global
access to the seminar presentations held at the Institute in North Carolina.

The developmental science and early education seminar comprised working meet-
ings, built around invited papers, seminar presentations, and problem-solving discus-
sions. The principal aim of the seminar was to review topics in developmental science
(e.g., developmental neuroscience, cognition and memory, socioemotional development,
language and literacy development) and to consider their implications for curriculum
and instruction in pre-K to third-grade (P-3) schools. A group of distinguished devel-
opmental scholars, applied researchers, and practitioners with interest and expertise in
P-3 curriculum design and instruction constituted the core members of the working
sessions. The working seminar explored ways that knowledge of children’s develop-
ment may be used to inform the design of schools, curriculum, and instruction for
young children who might attend these innovative schools. These invited scholars pre-
sented their recent research on a topic related to learning, memory, neuroscience, social
development, self-regulation, socialization, or emotional health in early childhood. The
presenters at the working seminar included Patricia Bauer, Robert Siegler, David Klahr,
Peter Ornstein, Rochel Gelman, Susan Calkins, Fred Morrison, Maria Bartolini Bussi,
Stella Vosniadou, Catherine Snow, Charles Nelson, Marc Bornstein, Dan Wagner, and
Erik de Corte.

In addition, educational scholars and practitioners with expertise in P-3 standards,
curriculum development, or instruction, as well as those involved in the planning of the
First School curriculum, participated in the working seminar. This group represented
different areas of literacy, numeracy, science, socioemotional competence, social stud-
ies, and the arts. To accomplish the goal of linking developmental science to early edu-
cation, seminar participants were asked to prepare papers that summarized research in
their area of specialization and to consider how the research might be applied to early
education. Along with educational scholars and practitioners, they discussed the impli-
cations of development for a wide range of issues, such as school readiness, standards,
curriculum, pedagogy assessment, and professional development. The seminar also had
a more focused goal. It was intended to glean from developmental research ideas that
could be used in the redesign of the children’s early school experiences being considered
by and planned as the First School initiative at FPG.

This handbook arises from the intellectual fruits of the combined efforts repre-
sented in the invited papers, the seminar discussion, and subsequent reflection in the
time following the seminar. The Handbook draws upon empirical research but focuses
less on research methods and more on translation of empirically derived insights and
principles, so that they can be applied to the classroom. It represents an effort to make
the rich exchange of ideas in the seminar available to a wider audience that could not
participate in the seminar but was interested in the design and implementation of cur-
riculum and instruction in early childhood. This includes, of course, early childhood
and primary education faculty, researchers, and teachers themselves. The Handbook is
especially intended to be a resource for those involved in teacher preparation. Moreover,
the discussion of critical issues and gaps in our knowledge arouses the interest of early
childhood education researchers as well. It is also likely to find use as a supplemental
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text in undergraduate and graduate courses, and possibly programs of inservice training
for professional teachers.

Chapters have been prepared both by renowned developmentalists, whose work
has relevance for teaching and learning, and by highly skilled, developmentally oriented
scholar-practitioners, who serve as a bridge between developmentalists and classroom
teachers. In many ways this latter group had the most difficult task of distilling impor-
tant research and translating data into ideas that might be applied in the classroom.
Their writing complements that of empirical scholars by considering the implications
of this body of work for educational practice, particularly curriculum and instruction.
Once readers of this volume have read them, we are confident that they will come to the
same conclusion we did. The writers rose to the challenge and did an admirable job! If
successful, this handbook will help the reader identify important principles emerging
from developmental science that are relevant to the learning and teaching of children 3
to 8 years old. The value of this contribution is, of course, attributable to the scholars
who generously gave of their time to participate in the seminar and to share the fruits
of their reflections for others. Thanks are also due to many people behind the scenes,
whose labors have made this work possible, and to Emma Sterritt, whose editorial assis-
tance was invaluable.

OSCAR A. BARBARIN
BARBARA HANNA WASIK
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DEVELOPMENT AND EARLY EDUCATION

he chapters in this section offer a broad introduction to the context of early

childhood education and the role that psychological theory and research
can play in resolving some of the key dilemmas confronting early education.
In Chapter 1, Oscar A. Barbarin and Kevin Miller review some of the critical
problems in contemporary early childhood education and identify significant
contributions that developmental science can make to early education.

Sharon Ritchie, Kelly L. Maxwell, and Sue Bredekamp (Chapter 2) iden-
tify and discuss four foundational processes that underlie children’s developing
competence and predict success in school across the span from prekindergarten
through third grade (P-3). These predictive processes of early learning and
development include self-regulation, representational thought, memory, and
attachment. Discussion of these processes prefigures later chapters that focus
on specific developmental science advances in each of these areas.

Anna Stetsenko and Eduardo Vianna (Chapter 3) make the case for the
utility of developmental theory in guiding educational practice in early child-
hood. They focus especially on the contributions of Vygotsky and his latter-
day disciples. This intellectual tradition has provided important intellectual
underpinnings for notions of developmentally appropriate practice commonly
invoked in early childhood education. The chapter provides a theoretical back-
ground for subsequent chapters on construction of mathematical meaning by
Maria G. Bartolini Bussi and Mara Boni (Chapter 20) and on spatial represen-
tation by Rossana Falcade and Paola Strozzi (Chapter 22), which derive much
of their conceptual inspiration from Vygotsky.

Theoretical insights from this section offer a broad perspective on the cur-
rent debate on developmentally sensitive practice that is at the heart the para-
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Development and Early Education

digmatic clash between preschool viewpoints and those infusing K-12 educa-
tion. Conceptual traces of the work of Vygotsky and his disciples can be found
in many of the assumptions about what constitutes developmentally appro-
priate practice. This includes notions such as scaffolding, the zone of proxi-
mal development, children as active agents in learning, and the importance of
child—teacher interactions. Consciously or not, many of the issues that animate
discussion of the First School Initiative and other efforts to promote a P-3
continuum in school described here were anticipated by this body of research
and theorizing. Notably, the extent to which children acquire knowledge and
master skills is as much a consequence of interactions in the child’s social world
as they are a function of predetermined traits or the preexisting structures of
the child’s mind. Specifically, variations in developmental outcomes have as
much to do with the qualities of interactions with adults, and in the mate-
rial resources and cultural artifacts to which children have access, as they do
to inherited traits. Most importantly, this theory underscores the notion that
children develop and master important ideas through mundane experiences
and interactions with their social worlds, and the materials available to them
in those worlds.

Another aspect of the theory that is widely used in P-3 education is the
notion of scaffolding. Here the theory underscores the value of building on the
foundation of knowledge that children already possess and connecting new
skills to existing competencies. The emphasis here is on how adult interven-
tion matches up with the child’s conceptual skills and fund of knowledge. The
insights provided by Stetsenko and Vianna constitute ideas that have important
implications for curriculum development and for pedagogy.



Developmental Science and Early Education
An Introduction

Oscar A. Barbarin
Kevin Miller

he productivity of any modern society rests heavily on the success of its educational

system in preparing its children to become skilled and engaged adults. The major
conceptual frameworks developed within developmental science in the early to mid-
20th century serve today as the source of inspiration and knowledge for teachers and
educators. Much of contemporary education is grounded in these frameworks, in par-
ticular those offered by Piaget, Dewey, and Vygotsky. However, in view of the remark-
able progress made in recent decades, there is a need today to transfer more recent
insights and to upgrade the knowledge base that informs educational practice. Recent
research in developmental science has brought about profound changes in our under-
standing of the conditions that facilitate children’s learning and development, demon-
strating the fundamentally dynamic and relational nature of learning and development.
Recent discoveries regarding brain development, memory, children’s early mathematical
abilities, and the crucial role of social interactions and use of cultural tools provide star-
tling insights that, if translated into pedagogy, then have the potential of transforming
instruction and improving outcomes for all children.

Although spectacular progress has been achieved in developmental science and
neighboring disciplines, researchers working at the front lines of science do not always
have the time or the incentives to think deeply about the implications of their work for
educators, and to translate their ideas and findings into the working tools that can be
used in educational practices. This handbook represents a modest contribution toward
this much-needed translation. This volume is based on an assumption that basic devel-
opmental science has been engaged in theory development and empirical work that
has relevance for educational practice. Strong disagreement with this assumption is
rare but explicit application of developmental theory and research to questions related
to curriculum, standards, pedagogy, and learning requires intentional, intensive, and
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4 DEVELOPMENT AND EARLY EDUCATION

thoughtful analysis. The Handbook’s rationale is precisely to distill innovative ideas
of potential educational relevance out of recent research and theories in developmental
psychology and to communicate them to the teachers, policymakers, educators, and
other professionals concerned with educating children. In a small way, efforts such as
these link developmental scientists to the important public policy goal of bringing des-
perately needed improvements to the ways we educate our young children. Although
early childhood education has been identified as a cost-effective investment that poten-
tially benefits children, families, and society, the current system has many problems to
be solved before it can realize its promise. In spite of our highest aspirations and sub-
stantial investment in pre-K to third grade (P-3) education, we still have a long ways to
go in providing consistently high-quality programs as we expand pre-K and place more
stringent demands for academic achievement in the early primary grades. The quality of
many pre-K programs is disappointingly low. Pre-K programs appear to have difficulty
incorporating the demands for cognitive and academic gains with the broader set of
needs related to children’s physical and social development, and family members’ needs
for support as they participate in the workforce (Clifford et al., 2005) Many pre-K and
primary school programs are neither developmentally appropriate nor family-centered,
and they lack effective transition practices and continuity between the grades. The
sources of problems in this situation are many. They fall most often within the domains
of curriculum, pedagogy, workforce preparation, training, and compensation.

Though deep and serious, these problems can be solved through careful but inno-
vative thought and concerted action. One comprehensive approach to these problems
is represented in the P-3 movement, of which the First School Initiative at the Uni-
versity of North Carolina Frank Porter Graham (FPG) Child Development Institute
is an example. The seminar whose deliberations formed the basis for this handbook
was designed to contribute to those initiatives by reviewing research in developmental
science that might inform the conception and planning of First School, an innovative
initiative to educate America’s young children that requires a radical shift in thinking
about how we should educate children ages 3 to 8. First School and P-3 are intended
to provide templates for the reform of early educational structures, so that the multiple
systems serving young children are integrated into a single system and located in a single
setting that provides a seamless transition for children ages 3-8 from one level of learn-
ing to the next. This integration requires an organizational and curricular realignment
of children’s first school experience, with attention to how children vary and change
during this developmentally active period. The P-3 movement emphasizes practices that
are sensitive to individual developmental needs, and that provide appropriately rich and
cognitively engaging curricula to foster childrens’ intellectual, physical, and emotional
development. Changing the organizational arrangement of early childhood education to
join pre-K with K-3 schools is just a first step and is not sufficient by itself to achieve the
aims of the P-3 movement. Deeper, more fundamental changes are needed to go to the
heart of how schools conceive of their role, how they function, what they teach, and the
commitment they have to address the needs of the most vulnerable children, who cur-
rently do not benefit as fully from school as they might. Thus, in addition to addressing
the developmental needs of the student population as a whole, the P-3 movement must
also generate specific ways to address the needs of populations that currently are not
being well served in education. These populations include ethnic/minority group, sec-
ond language learners, and children with special needs, and children from economically
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disadvantaged households. First School and P-3 must also consider and develop ways to
address the wide-ranging cultural and linguistic diversity that now characterizes public
schools. To be successful, the design of First School and P-3 must incorporate strate-
gies and processes that promote social inclusion of these diverse groups. To address
these issues successfully means that First School and other P-3 efforts must address
the broader issues of standards, curriculum, pedagogy, and professional development.
These issues have presented significant challenges to schools and can be a source of dif-
ficulty at an organizational and interpersonal level. In the end, if the P-3 movement is
successful, it will have integrated the best of the developmentally sensitive approaches
of preschool with the more coherent and content-rich focus of early elementary educa-
tion.

First School is not just a pipe dream or the starry-eyed imaginings of romantic fringe
groups in education. It embodies a conception of early education that according to many
sober observers of education has the potential to address many of the concerns raised
about losing children and youth to underachievement and school dropout. Reform of
early education along these lines is being considered by many and implemented in a
few school districts around the country. In many parts of the United States we can find
isolated examples of individual schools that have successfully melded pre-K and early
elementary classrooms into a single school serving P-3 students in a single building,
with the goal of using an integrated curriculum and developmentally sensitive pedagogy.
If successful, the First School movement is likely to spawn prototypes of similar schools
that combine early childhood and early elementary education, perhaps paving the way
to widespread adoption of one of the most significant changes in public education since
the initiation of kindergarten. (For more information about First School go to www.fpg.
unc.edu/~firstschool.)

Integrating early education and K-12 education is intellectually and politically chal-
lenging. What is the need for the innovations proposed by First School? What problem
is it intended to solve? The answers to these questions arise from the limitations seen
in current approaches to pre-K and early elementary education, and in the gap between
approaches used to serve these children with very similar developmental needs. Educa-
tors who work with children ages 3—5 often begin with different assumptions and adopt
different methods than do educators who work with children ages 5-8, in spite of the
striking continuity in issues affecting the education of children across this age range.

Great dismay has arisen among early childhood practitioners over the developmen-
tal appropriateness of elementary schools. The concern takes on immediacy in light of
efforts to integrate and to make early childhood programs part of elementary school
education. Practitioners fear that the procedures, curricula, and organization of K-12
education will be pushed down into preschool and replace the existing emphasis on
developmentally appropriate practices with rigidly prescribed curricula and group
instruction. The current chasm between early childhood and elementary education nei-
ther serves children well nor is it sustainable in the long run. Nevertheless, professionals
on the early childhood side are often skeptical that current efforts to make pre-K a part
of public elementary schools will result in a smooth transitions for both groups of chil-
dren throughout their first school experience. Currently, the shift from developmentally
appropriate, child-centered pre-K instruction to more formal didactic and curriculum-
based K-1 teaching is often abrupt. In simple terms, early childhood professionals fear
that the “gold standard” for pre-K classroom organization, curriculum, and pedagogy
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will be kindergarten and first grade. This possibility is worrisome because kindergarten
and first grade rely on curricula and standards that are downward extensions of higher
grade curricula that utilize standardized tests, workbooks, ability grouping, and reten-
tion, and eschew child-centered practices that are considered appropriate to the devel-
opmental stage of 3- to 8-year-old children. This often results in competitive, overly
academic environments, with curricula that fail to accommodate the variation of com-
petencies that are often present among children of the same chronological age. Many
early childhood practitioners feel that the push toward integration will result in loss of
the developmentally appropriate practices that are so fundamental to the way they con-
ceptualize teaching and learning.

The preparation of early childhood teachers has a strong focus on child develop-
ment, which often sensitizes them to individual differences and the use of exploratory
play in their work with children. Consequently, their grounding in theories of child
development becomes integral to their professional identities, and they are commit-
ted to what is called “developmentally appropriate practice” (DAP). Often the DAP
operating principle is that the child will indicate when he or she is ready to acquire
some new skill. The working assumption is that until this revelation occurs, the child
is incapable and will not learn that new skill, and attempts at direct instruction may
be frustrating for the child and, in the end, futile. In this way, DAP may be a handicap
because it focuses educators more on the limitations of children’s unfolding capacity
to acquire information than on what children understand and can learn. As a conse-
quence, teachers may be more attuned to the errors in children’s thinking than to the
insights that these errors reveal about how children learn. Errors in children’s thinking
are perceived as a wall arresting progress rather than an opening to facilitate learning
and development. Moreover, some early childhood teachers question the value and rel-
evance of curriculum for pre-K when “curriculum” is defined as standardized content
presented in an ordered sequence. As a consequence of the beliefs associated with DAP,
teachers take an agnostic point of view and let children teach them about what they
can know and learn through self-selection of activities and the display of interest; that
is, in the absence of fixed notions about what children ought to learn, good teachers
following DAP are more often responsive and react to children’s invitations or inclina-
tions toward knowledge development. This approach centers on process more than on
content. DAP pedagogy often emphasizes the role of the child as active learner and
co-constructor of knowledge. In this interactive approach to learning, the role of the
teacher is to create settings that are organized and elicit active engagement because
they are stimulating and responsive to children’s interests and capabilities. The desired
outcomes of this approach include thinking critically, working cooperatively, solving
problems, and having fun in the process. The strong developmental emphasis can have
the unintended consequence of focusing the teacher on what children are unable to do
because ostensibly they have not yet developed specific competencies. The operating
principle is that children are not ready, and they will let you know when they are ready,
to learn. Children’s effectiveness in communicating when they are ready to learn rests
heavily on teachers’ ability to observe and to detect nascent capabilities. However, the
developmental lenses through which teachers observe young children may lead them to
underestimate what children can know and learn. As a consequence, they may hesitate
to stretch or to challenge children sufficiently. In this case, early childhood educators
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avoid the danger of overwhelming children and demanding more than they can give,
but they risk leaving children less stimulated and with fewer skills than they might
otherwise have acquired. The danger is lower levels of skills development. Although
preschools are beginning to adopt structured curricula developed by publishing com-
panies to achieve these outcomes and to focus on literacy development, this is not yet
the norm.

Whereas early childhood programs have traditionally lacked standards-based con-
tent, elementary school programs typically use curricula with defined content standards
(e.g., in reading, language, math, social studies, science, and the arts) and rely on inten-
tional instructional practices to convey that content (e.g., direct instruction, demonstra-
tion and modeling, cooperative learning, skills-based intervention, cognitively guided
instruction and inquiry). As a consequence, effective teachers in the K-12 system must
be well versed in subject-matter content intended to produce outcomes stated in the
learning standards adopted by the state and local school district. This content focus is
also reflected in the use of a specific curriculum, lesson plan, and instructional materials
provided for teachers’ use by the schools.

The approaches used by pre-K and K-12 educators have complementary strengths
and corresponding limitations. Though sensitive to developmental and individual differ-
ences, early childhood professionals may have limited repertoires of content and meth-
ods for use in intentional instruction. More often than not, they lack specific content
related, for example, to language, literacy, numeracy, or socioemotional development.
Though often knowledgeable about multiple content areas and teaching approaches,
elementary school teachers typically lack a developmental lens through which to exam-
ine students’ readiness for and response to the methods used in curriculum-based work.
Their curricular content and teaching methods are largely divorced from, and fail to
draw upon, insights about variations, due to individual differences in learning styles and
to children’s developing capacities.

These differences in pedagogy and curriculum experienced by children as they make
the transition from pre-K to elementary school pose difficult adjustment challenges for
children and raise questions about whether each approach is doing the best it can for
the children it serves. An important contribution to the concept of P-3 education would
be to unite the best practices of early childhood and elementary education by bringing a
developmental perspective to the content and instructional practices of early elementary
education, and by specifying content and intentional pedagogy within the developmen-
tally sensitive practices of early childhood experiences.

A central issue addressed by this handbook is the dilemma represented by the fail-
ure to connect basic research findings to educational practice and child outcomes. The
divide between research and practice is especially wide for early childhood education.
This chapter begins by arguing for a reconceptualization of early schooling, juxtaposing
national data that document the burgeoning state-funded pre-K data showing the rela-
tively low quality and isolation of these pre-K programs. The authors describe national
efforts to rethink public schooling for children ages 3 to 8, focusing on the theme of
uniting knowledge and practice from several fields (e.g., developmental psychology,
early childhood education, elementary education) into a more effective blueprint for
early schooling. Disappointing educational outcomes and the failure of research to
inform practices have led policymakers and research funders to call for harvesting more
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fully the fruits of basic research for improving P-12 education. Bridging the divide
between research and practice is easier said than done. Successful integration requires
proper framing of issues and engaging thoughtful people on both sides of the divide in
a joint conversation about the implications of research for practice. Distilling useful
information from developmental science requires that researchers answer several critical
questions. What contributions can developmental science make to educational practice?
What are reasonable expectations about what children know and can learn? How is
learning best facilitated? How do individual differences moderate childrens’ ability to
learn and the best methods for teaching them? Creating a dialogue between researchers
and educators around these issues is complicated by divergence in language, perspec-
tive, knowledge, experiences and worldviews. Often mediation is required by persons
in the uneasy position of having a foot on each side of the divide. Many of the authors
who contributed to this handbook occupy the space between developmental science and
education, and understand the need to remain grounded in the realities of educating

young children while they bring knowledge from developmental science to the issues of
early childhood.

Critical Questions

How do we improve early childhood education? How can we infuse insights from devel-
opmental science into the design and implementation of early education curricula and
pedagogy? Differences between early childhood education and K-12 education focus
our understanding of children’s capacity to learn and help us to appreciate individual
differences and abilities, the role of development in the unfolding of children’s skills, the
appropriateness of educational standards or the content of curricula, the intentionality
of pedagogy, and the adequacy of professional development of teachers.

Resolution of the many questions and dilemmas confronting early education may
significantly impact the quality of children’s early schooling. These critical issues and
questions can be categorized into several themes or dimensions: children’s capacity to
learn, development over time, individual differences, curricula, pedagogy, assessment,
professional development, student—teacher relationships, and parental involvement (see
Table 1.1). These issues represent gaps in our knowledge, unresolved disagreements, and
areas of misunderstanding that result in ill-conceived interventions, mistaken beliefs,
half-baked ideas, and misapplication of theory or research. There are problems in each
of these domains that continue to undermine or erode the effectiveness of early child-
hood education.

Development

With respect to the application of developmental theory, early childhood educators’
claim that they use developmentally sensitive practices has been open to challenge. Tra-
ditional early childhood professionals believe that they are already addressing children’s
learning and thinking. An important area of concern is what teachers are taught or take
away from developmental coursework about children’s capacity to learn. There is much
to suggest that we have largely underestimated the capacity of young children to develop
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TABLE 1.1. Questions Confronting Early Childhood

Capacity
to learn

Development

Individual
differences

Academic
standards

Curricula

Pedagogy

Assessment

Professional
development

Relationships

Family
involvement

What capabilities do children possess that enable them to acquire knowledge and skills
related to literacy, mathematics, and science?

What is developing during the ages 3—8? If we consider developmental changes and
variations, what caveats must be observed in curriculum and instruction across the

3- to 8-year-old age span? What key theoretical constructs and empirical findings from
developmental science provide a basis for curriculum content and instructional strategies?
Do capabilities and limits vary across time? Is there an evolving set of biological,
neurological, and experiential processes that interact to determine what children are
capable of at a specific point in time?

How do capabilities and limits vary across individuals? When is differentiated classroom
instruction warranted for gifted children and children with special needs? What are the
special competencies and limitations of English language learners, and how can they be
addressed in curriculum and instruction?

What are the critical competencies to be mastered in the area of language, literacy,
numeracy, and socioemotional development, and what are the developmental
opportunities for mastery during this 3- to 8-year-old age span? What skills should be
expected and what knowledge should gained to produce desired outcomes and prepare
children for later life? How do we infuse considerations of development into P-3
standards-based curriculum across this age span?

Which content areas may be taught across the span of early childhood ages 3-8? Do

the ideas and skills build on one another? Is there a specific sequence in which material
should be covered? In what areas does the sequence of presentation matter for children’s
mastery?

How do children learn, and how should they be taught? What practices help all children
develop the knowledge, skills, and confidence necessary to be active citizens in a diverse
and democratic society? What are the relative merits/effectiveness of team teaching, and
looping (i.e., the same teacher teaches the same children for more than 1 year)? How

do we foster and build on literacy, language, and numeracy skills in a systematic and
integrated manner across the age span of 3 to 8 years? What instructional approaches
might be beneficial for children ages 3-5? How can math and science instruction be
introduced to 3- and 4-year-olds?

What are the purposes of assessment, and how can assessments be designed to attain
their ends? What role does assessment play in instruction?

Who should teach? What do they need to know? How should they be prepared? What
forms of support are needed to advance teachers’ skills? How do we reach those who are
teaching? How do we help teachers master effective new procedures?

How important are teacher—child relationships to academic achievement? How do
child—teacher and home-school relationships contribute to children’s mastery of these
critical competencies?

What is the proper role of parents in the education of young children? What is
meaningful parent participation in schooling? What does participation look like, both in
and out of school? How do schools facilitate/sustain family participation across ethnic
and economically diverse groups?
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competence in a variety of areas, particularly math and language, especially between
ages 2 and 5. The problem is that their courses are often limited to a general treatment
of Piagetian or Vygotskian ideas, and do not focus in a useful way on what this means
for children’s understanding and learning. Student teachers are often taught the fixed
Piagetian stages of development but may be unaware of the critical role of interactions
among prior knowledge, development, and learning. Preservice teachers often conclude
that the theory presented in college course, even when it is up to date, is “academic” and
irrelevant to what they need to understand and do in the classroom.

Individual Differences

Children are not all made from the same mold. Individual differences are critical to
understand and to address. Some of these differences emerge from heritable traits, from
experience and prior exposure to information; others emerge from concurrent life cir-
cumstances. These all need to be factored into pedagogy and in understanding how
children learn. Many children, especially those growing up in poor households, lack
experiences that might have prepared them for the language and discourse styles of
schools. Children do not begin school on an equal footing. There is mounting evidence
of an achievement gap between minority and majority student populations. A number
of studies over the past decade have shown that this gap appears early—before children
enter kindergarten. One of the most recent studies, which analyzed data from the Early
Childhood Longitudinal Study—XKindergarten cohort (ECLS-K), looked at children’s
achievement scores in literacy and math as they began their kindergarten year. The
researchers found that socioeconomic status (SES) accounted for a large proportion of
the variance in children’s scores—above that accounted for by race or family environ-
ment. However, the researchers noted that black and Hispanic children are more likely
than white children to come from families in the lowest SES category. Being from one
of these minority groups and coming from the lowest SES category accounted for one-
half of a standard deviation in achievement scores (Lee & Burkam, 2002). Recognition
of this problem was a primary motivation for public sponsored pre-K programs. It has
led to the calls to provide high-quality early childhood education for all 3- and 4-year-
olds. Although several countries already serve 3- and 4-year-olds in public school, this
is now an uncommon practice in the United States, but it is expected to increase as part
of the effort to improve the prospects of school success for children at risk of school
failure. In this regard, schools face three challenges: (1) responsiveness to cultural and
linguistic diversity in early childhood education; (2) inclusion of young learners with
disabilities and children with widely varying abilities, ranging from major disabilities to
exceptional potential; and (3) inclusion of children from diverse ethnic, linguistic, and
racial backgrounds. In attempting to address this diversity and individual difference,
educators are confronted with questions about how to think about ability grouping. Are
we contributing to inequities, or is the price of separate instruction by ability groups
an effective way to respond to and perhaps remedy individual differences? What do we
know about the effects of ability grouping? Will the effects differ depending on the age
or circumstances of the children?

A perennial problem is the extent to which each state’s academic standards set by
educational policymakers align with the curriculum and reflect what takes place in
every classroom. Alignment is a goal, but few states would claim to have successfully
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dealt with the issue of making the curriculum reflect the desired and mandated edu-
cational outcomes. A “curriculum” is a planned sequence of teaching-learning activ-
ity. Curriculum should focus on increased competence in multiple domains: cognitive,
motor, behavioral, and socioemotional. The lack of alignment among standards, cur-
ricula, and instruction, and the differences across pre-K and K-12 education in each of
them, may contribute to the difficulty some children experience in making the transition
from pre-K to kindergarten.

Access to effective teaching is also an issue that needs attention. Effective teaching
is often considered to comprise coherent development of ideas, supportive feedback, and
use of multiple methods of instruction; ongoing assessment is used to individualize or
modify instruction; and tasks are targeted to offer a moderate level of challenge for the
child. All approaches to pedagogy should begin with the notion that children should be
treated as active participants in shaping knowledge and in learning. Few school admin-
istrators and educational policymakers would quarrel with the observation that more
and better professional development is need both for preservice and inservice teachers.
Degrees, by themselves, do not appear to be a sufficient marker of teacher quality. Early
and colleagues (2007) found no relationship between teachers’ degrees and classroom
quality or child academic outcomes. Classroom-relevant training, especially training
that focuses on children’s development, was related to the quality of instructional inter-
actions in pre-K classrooms. Assessment may play an important role in improving aca-
demic outcomes, especially if it enables teachers to provide feedback to students and
directs them toward alternative instructional approaches.

Relationships

Family involvement in children’s education has come to mean many things. It is clear
that conceptions of family involvement need to go beyond volunteering in the classroom
or being active in school organizations. Research indicates that children enter school
with significant differences in language and reading abilities, differences in home expe-
riences and parental practices that may encourage development of these abilities. Efforts
to encourage family involvement in children’s education should focus on what parents
do at home to nurture and support development of children’s skills and involvement in
academic activities. Questions remain about specific practices that seem to matter, and
how to engage families with limited education and low English language proficiency in
children’s academic skills development.

Serious questions need to be addressed about how best to insinuate and integrate
insights from these advances into educational policy and practice. Questions can be
raised about the extent to which development reflects standards set for early childhood
education. To what extent do current curricula reflect recent insights from research on
brain development and children’s thinking, learning, and memory? What does devel-
opmental science have to offer with respect to decisions that teachers and curriculum
developers make about what to teach children, about the sequence and timing in teach-
ing new skills?

We do not want to overpromise or to be overzealous in our claims about the value
of developmental science and its ability to address all the issues facing early education.
Clearly, there are some aspects of early education that developmental science has not
addressed, and areas that, even when addressed, provide incomplete answers.
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What Developmental Science and Early Education Have to Offer to Each Other

As developmental psychology and educational research have developed, an unfortunate
division of labor between psychologists and educational researchers has ill-served both
our understanding of the nature and limits of child development and our efforts to
promote children’s healthy cognitive growth. The idea that development and teaching
(broadly construed) are inherently bound up in each other is not new, nor is the com-
plaint that researchers have failed to consider learning and development in synchrony.
As far back as 1930, Vygotsky (1930/1978) argued that one cannot understand teach-
ing, learning, or development without understanding the relations among them.

Yet the interdependence among developmental processes, learning, and the envi-
ronmental factors that may promote them is something that is still largely honored in
the breach. If, for example, one looks at developmental journal articles on children’s lit-
eracy or mathematical development, it is rare to find any description of the educational
practices of the schools and preschools that children attend. It is also still rare in studies
of teachers’ thinking and teaching practices to find data on how students interpret those
practices or citations about the effects of the relevant literature on student thinking.

The tendency of researchers to focus on development or learning or educational
practices has led to educational advice that leans heavily on one or another of these iso-
lated bodies of research. The titles and to some extent the text of books by developmen-
tal researchers (e.g., The Scientist in the Crib by Gopnik, Meltzoff, & Kuhl, 1999) have
promoted an image of the heroic child who is the author of his or her own development.
In some extreme cases this has led to advice such as the following: “Children at different
stages cannot learn the same content. They cannot learn about number, for example,
until they reach the concrete operational stage” (Copeland, 1984, p. 12).

Yet there are some very encouraging signs that researchers are moving beyond a
conceptually suspect division of labor between developmental and educational research,
and that these steps toward integration lead to findings that are both theoretically rich
and of direct practical significance. One need look no further than this volume to see
examples of this emerging synthesis. For example, Siegler (Chapter 19, this volume) has
shown that a very brief experience with a board game can produce a massive increase
in children’s understanding of the magnitude of cardinal numbers, a key insight that
not all children bring to school. Because school entry-level mathematical achievement
is a strong predictor of later academic success (Duncan et al., 2007) and because this
early understanding is associated with social class, research such as Siegler’s holds great
promise for mitigating some of the massive and increasing achievement gaps related to
ethnicity and social class.

The First School provides a key way to help children over a major social threshold,
that between “preschool” and “school.” It can also help to provide a needed intellectual
focus that will both enrich developmental science and make it more useful to society.
By understanding the myriad ways in which children slip in moving from home and
informal settings to school, and how schools and other social influences can help to
ensure a successful transition, developmental science is broadening its scope, from an
early focus on the endogenous growth of heroic children to a deeper understanding of
how young children traverse the social webs that help them weave their own intellectual
development.
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Developmental science has much to bring to this partnership. We have a long tra-
dition of taking children’s thinking seriously, and understanding the ways in which
children may reason consistently and coherently yet reach different conclusions than do
adults. Vosniadou’s work (Chapter 24, this volume) provides a good example. Vosnia-
dou and Brewer (1992) reported that some children reconcile what they hear about “the
Earth” (a blue globe floating in space) with their daily experience of a flat planet by pos-
tulating two entities: “the world” where they live, and “the Earth” that is in space. This
can be demonstrated by asking them to point to “the Earth” (children with this view
will point upward). Only by taking children’s thinking seriously will we understand the
misconceptions they demonstrate. Only by attending as well to the content and contexts
in which they learn about the world will we be able to come up with a deep and helpful
understanding of the evolution of children’s thinking. The chapters in this volume pro-
vide a great illustration of the intellectual and practical promise of this new synthesis.

As a final note, chapters in this handbook are organized into five sections around
(1) a general introduction to the theory, context, and processes of early education; (2)
brain functioning and learning; (3) socioemotional functioning; (4) language and lit-
eracy; and (5) mathematics and science. It reflects the ideas and insight emanating from
interactions among developmental researchers and participants in the SRCD-FPG semi-
nar on Developmental Science and Early Schooling. Chapters present developmental
research in ways that point to implications for the processes involved in early childhood
education, including learning, teaching, teacher preparation and development, and the
design of curricula and instructional methods.

References

Clifford, R. M., Barbarin, O. A., Chang, F., Early, D. M., Bryant, D., Howes, C., et al. (2005).
What is pre-kindergarten?: Characteristics of public pre-kindergarten programs. Applied
Developmental Science, 9, 126-143.

Copeland, R. W. (1984). How children learn mathematics (4th ed.). New York: Macmillan.

Duncan, G. J., Dowsett, C. J., Claessens, A., Magnusson, K., Huston, A. C., Klebanov, P., et
al. (2007). School readiness and later achievement. Developmental Psychology, 43, 1428-
144e6.

Early, D., Maxwell, K., Burchinal, M., Soumya, A., Bender, R., Bryant, D., et al. (2007). Teach-
ers’ education, classroom quality and young children’s academic skills: Results from seven
studies of preschool programs. Child Development, 76, 558-580.

Gopnik, A., Meltzoff, A. N., & Kuhl, P. K. (1999). The scientist in the crib: Minds, brains, and
how children learn. New York: Morrow.

Lee V., & Burkam, D. T. (2002). Inequality at the starting gate: Social background differences
in achievement as children begin school. Washington, DC: Economic Policy Institute.
Vosniadou, S., & Brewer, W. F. (1992). Mental models of the earth: A study of conceptual

change in childhood. Cognitive Psychology, 24, 535-585.

Vygotsky, L. S. (1978). Interaction between learning and development. In Mind in society: The
development of higher psychological processes (M. Cole & V. John-Steinter, Trans. &
Eds.). Cambridge, MA: Harvard University Press. (Original work published 1930)



Rethinking Early Schooling

Using Developmental Science
to Transform Children’s Early School Experiences

Sharon Ritchie
Kelly L. Maxwell
Sue Bredekamp

he United States is at a turning point in public education. For many children, school

begins before the traditional age of 5 when they enter kindergarten. Public schools
across the country are providing early care and education for children as young as age
3. In fact, nearly a million 4-year-olds are served in public schools (Barnett, Hustedt,
Hawkinson, & Robin, 2006). State and local governments invest billions of dollars in
prekindergarten education. By 2020, it is likely that public school in this country will
begin at age 4. We have a unique moment in history to determine thoughtfully and stra-
tegically the best approaches to use in educating our young children. The decisions we
make today will impact children, families, communities, and the American workforce
for generations to come. Instead of thinking about integrating young children into the
existing public education system, we need instead to turn the question on its head and
ask, “What should schools be like to meet the needs of young children and their fami-
lies?”

We cannot think about pre-K in isolation from the early elementary grades. The
national pre-K to third grade (P-3) movement calls for rethinking public education
during children’s first years of schooling from ages 3 to 8 (Bogard & Takanishi, 2005;
Kauerz, 2006; Maeroff, 2006). This age span represents a unique time in children’s
development. By age 3, most children have successfully mastered oral language skills,
although a wide range of variation in children’s language ability is influenced by their
home experiences (Hart & Risley, 1995).

Between ages 3 and 8, children learn to read and write, so that they can then use
those reading and writing skills to learn academic content across curriculum areas. This
acquisition of basic skills provides the foundation for later school achievement. By age

14
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9, many children are able to read and write. However, data from the National Assess-
ment of Educational Progress, our nation’s report card on education, suggests that a
substantial number of children do not acquire basic skills by fourth grade (age 9 for
most children). For example, only 41% of white fourth-graders are at or above “profi-
cient” in reading, and only 13% of black and 16% of Hispanic children are considered
“proficient” in reading (Perie, Grigg, & Donahue, 2005). The findings for math are
similar (Perie, Grigg, & Dion, 2005). These data suggest that we need a new approach
to children’s first schooling experiences to capitalize on this unique foundational period
in children’s development and school life.

So what should we do? We believe it is important to move away from the idea
of “early childhood education” that is separate from “K-12 education,” toward an
approach that brings together children ages 3-8 into a single system that reflects the
best of early childhood, elementary, and special education. Reform efforts like the First
School Initiative at the University of North Carolina, Chapel Hill do just that—change
schools by uniting ideas, so that school becomes a place for success for all children,
especially those most vulnerable to school failure.

The research base for educating children in these early years should draw upon
work from many fields. Historically, early childhood education teacher preparation pro-
grams have emphasized child development, whereas preparation programs for elemen-
tary school teachers have emphasized academic content (e.g., math, literacy). Research
has shown that children are more successful when their teachers understand both devel-
opment and content (Siraj-Blatchford, Sylva, Muttock, Gilden, & Bell, 2002).

This integration of developmental science and education is the focus of this hand-
book. Our purposes in this chapter are to provide an introduction to the topic and to
underscore some of the key implications of this work for First School in particular and
educational practice in general. We also hope to generate a level of excitement that
matches our own. We could truly transform school for young children if we imple-
mented what we know about how children develop and learn best.

In the next section, we identify and describe four foundational processes that are
central to young children’s development and learning. We then highlight how children’s
first school experiences would be different if we applied what we know from develop-
mental science. In the final section, we discuss the implications of developmental science
for teachers’ professional development.

Foundational Processes of Early Learning and Development

Early childhood education has a long association with the study of child development.
In fact, the primary professional association of developmental researchers—the Society
for Research in Child Development (SRCD)—began as a spin-off from the nation’s larg-
est organization of early childhood educators, the National Association for the Educa-
tion of Young Children (NAEYC; 2001). Throughout its history, NAEYC has advocated
teaching practices that are informed by knowledge of child development, a concept that
has come to be called “developmentally appropriate practice” (Bredekamp & Copple,
1997).

Despite this historical and mutually beneficial connection, early childhood educa-
tion and developmental science have developed on two parallel tracks. All too often,
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advances in developmental science seem unrelated or irrelevant to the issues of educat-
ing young children. At the same time, early childhood educational practices tend either
to ignore findings from science or to reflect outdated theories and research.

This chapter addresses the disconnect between developmental science and early
education. Given advances in knowledge across many disciplines, this is a potentially
exciting time in education. But unless this new knowledge is adequately translated into
practice principles and disseminated to educators, it is unlikely that current approaches
to schooling will change.

Several research strands in developmental science have important implications for
early education. These include developmental neuroscience, cognition and memory,
socioemotional development, and language and literacy development. In general, find-
ings from developmental science can be classified broadly in one of two categories of
research findings:

1. Domain-specific, in which the implications of the research is narrowly appli-
cable to a single or a limited number of domains of knowledge, such as science,
mathematics, or literacy learning; or

2. Domain-general, in which findings are applicable across a wide range of devel-
opmental areas and/or subject matters.

In reflecting on research across these strands, we identified several foundational
domain-general developmental processes. Although other important processes could
be explored, we focus on the following four foundations of young children’s develop-
ment and learning: self-regulation; representation; memory; and attachment. These four
foundational processes appear to underlie children’s developing competence and predict
success in school across the span from prekindergarten through third grade.

In the sections that follow, we define and describe each of these key processes and
offer basic examples to clarify the concepts. Following this discussion of domain-general
processes, we address the realities of individual and cultural differences in young chil-
dren’s development and learning. These realities have important implications for both
developmental science and early education. We discuss the application of foundational
developmental processes to improvement of school practices in later sections of this
chapter.

Self-Regulation

Self-regulation is a broad construct that has come to be understood as the cornerstone
of development across all domains (Shonkoff & Phillips, 2000). Self-regulation is an
integrated, multidimensional construct that incorporates biological processes, atten-
tion, emotion, behavior, and cognition. A basic, working definition of “self-regulation”
is the ability to regulate or adapt one’s behavior, emotions, and thinking according to
the demands of the situation (Bodrova & Leong, 2006; Shonkoff & Phillips, 2000).
Researchers study self-regulation from diverse perspectives—including cognitive,
social, and emotional. As a result, the term is used to represent many different aspects of
children’s functioning. Self-regulation from a socioemotional perspective includes emo-
tion regulation, physical regulation, effortful control, compliance, and delay of gratifi-
cation (Calkins & Williford, Chapter 9, this volume). From a cognitive perspective, self-
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regulation includes effortful attention, inhibitory control, planning, abiding by rules,
working memory, and the overall cognitive construct that is called executive function
(Bodrova & Leong, 2006).

For teachers and parents who lack the technical background of developmental sci-
entists, a more practical definition may prove useful. Self-regulation is “the capacity to
control one’s impulses both to stop doing something that is unnecessary (even if one
wants to continue doing it), and to start doing something that is needed (even if one
does not want to do it)” (Boyd, Barnett, Bodrova, Leong, & Gomby, 2005, p. 4). This
definition explains why children’s ability to self-regulate is so strongly related to their
success in school. Much of school experience requires that children conform to the
social demands of the group, pay attention to the teacher, and engage in “on-demand”
learning. For example, every day preschool teachers require that children stop playing
(which they usually want to continue) and start cleaning up (which is necessary but not
what children prefer to do). Similarly, primary grade teachers demand children’s atten-
tion during group times or for reading instruction.

Recent research finds that self-regulation abilities strongly predict later success in
school and life. Self-regulation measured in preschool has been found to predict chil-
dren’s academic success in the early grades, beyond variations in their intelligence or
family backgrounds (Blair & Razza, 2007; McClelland, Acock, & Morrison, 2006).
On a cautionary note, failures in self-regulation are strongly related to learning difficul-
ties, problematic social relationships, and various forms of psychopathology (Calkins,
2009).

Children’s capacity to self-regulate begins in infancy, and individual differences are
soon apparent. The capacity to self-regulate both emotions and cognition appears to
be related to biological predispositions, but is also influenced by environmental effects,
including parenting practices, relationships with peers, and school experiences (Calkins
& Williford, Chapter 9, this volume). Therefore, early intervention for children at risk
of self-regulation difficulties is important, as is providing experiences in preschool that
promote the development of self-regulation.

Toddlerhood appears to be an important transition point in the development of
self-regulation (Calkins, 2009). During this early period of development, children who
are at high risk for self-regulation difficulties can be identified, and effective interven-
tion strategies can be implemented to enhance long-term outcomes. During preschool,
teacher-supported sociodramatic play has been found to be an effective strategy for
developing self-regulation (Bodrova & Leong, 2007). Pretend play in small groups is a
particularly effective context for promoting self-regulation because it requires children
to regulate their own behavior, and to be regulated by others—all within the same
context. A group of children may play grocery store, for example. Each child, whether
customer, cashier, or store manager, must conform to the rules of his or her role, as
well as stick to the script. The customer can’t say, “Paper or plastic?” That’s the role of
the cashier. For the play grocery store to function effectively, each child must and will
engage in high-level self-regulation.

As is evident in the foregoing example, dramatic play promotes children’s ability to
take another person’s perspective (Vygotsky, 1966/1977). Assuming a pretend role—
being another person for a while—helps children move to another perspective, then
back to their own. In addition, attention to the perspectives of other players is critical
for coordinating multiple roles and negotiating play scenarios (Hyson, Copple, & Jones,
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2006). This ability to take another’s perspective, or to “decenter,” as it is called, is
essential for success in school, where children must align their perspectives with that of
teachers or peers. This ability is also necessary for the development of reflective thinking
and metacognition (Elkonin, 1978).

Sociodramatic play during preschool is effective in promoting self-regulation, which
is important to later school success. In the next section, we describe another founda-
tional process, representational thought, which also is enhanced by children’s play expe-
riences in early childhood.

Representational Thought

Children’s ability to engage in symbolic representation begins very early in life and is
relatively sophisticated by the early grades of school, if adults support this important
developmental process. A layperson’s definition of “representation” might be using one
thing to stand for another. From the perspective of developmental science, mental repre-
sentations are crucial for higher-level thinking (Hyson et al., 2006).

Human experience is replete with examples of mental or symbolic representation.
Verbal language itself is a representation of physical objects, experiences, feelings, and
concepts. For example, in English, we use the word chair to represent a four-legged
object to sit on. Similarly, different languages represent the diverse cultural experiences
of the groups among which they developed. For instance, some languages, such as Ara-
bic, have no word for privacy, indicating that without the cultural experience, no word
is necessary to represent the concept. Written language is perhaps a more obvious exam-
ple of symbolic representation. In English, 26 symbols—the letters of the alphabet—are
used individually or in combination to represent visually approximately 44 sounds of
the spoken language. Learning to read is predicated on children’s understanding of
this alphabetic principle (National Institute of Child Health and Human Development
[NICHD], 2000). Thus, we see that developing symbolic representation is essential to
the most fundamental skill for successful negotiation of schooling.

But well before children acquire conventional reading and writing abilities, they
begin to develop representational abilities through pretend play (Hyson et al., 2006).
Initially, very young children use replicas of real objects in their pretend play, such as
when a toddler picks up a toy phone and holds it to her ear. If adults encourage this type
of play, children begin to substitute other objects in their pretend play, such as when a
preschooler pretends a large block is a guitar (Copple, Cocking, & Matthews, 1984).
Finally, experienced players engage in pretending without an object, using gestures or
speech to represent an object, such as when a child strums an “air guitar” or swings
his arms and says, “I’'m a monkey.” These play experiences help children move from
thought that is controlled by physical action (what Piaget called “sensorimotor”) to
the ability to use words and other symbols to represent concepts (Piaget, 1945/1962;
Vygotsky, 1962).

Graphic representation is another developmental process that both contributes
to and also reveals children’s thinking. “A picture is worth a thousand words” is an
overused cliché, but the phrase accurately describes one of the most effective processes
through which children develop and demonstrate conceptual understanding.

Teachers use representation is many ways. For example, to teach the concept of
“quantity,” a preschool teacher may help children create a graph to see whether there
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are more girls or boys in class. Each child adds a bar to the side of the graph, indicating
his or her gender. The higher bar (girls) visually represents the mathematical concept of
“more.”

Another powerful use of graphic representation for conceptual development is to
engage children in creating their own representations. This activity is a defining char-
acteristic of the internationally known Reggio Emilia approach and one of its major
contributions to the knowledge base of early childhood education (Edwards, Gandini,
& Forman, 1998; Project Zero & Reggio Children, 2001). In Reggio schools, the pur-
pose of representation is to clarify children’s understanding. George Forman, one of
the earliest disseminators of the Reggio approach to America, described children’s use
of graphic representation in Reggio as drawing to learn (Landry & Forman, 1999); he
explains that by drawing their theories about how the world works, children and teach-
ers gain a better understanding of children’s misconceptions and can move toward more
accurate theories.

One example of how representation revealed and challenged a child’s thinking is
related to a study of rain (from the Hundred Languages of Children exhibit, the Com-
mune of Reggio Emilia, Italy; cited in Landry & Forman, 1999). After many days of rain,
teachers asked children, “Where do you think rain comes from?” Children expressed
various theories (e.g., that God makes the rain). Simone, age 5%, explained, “The sun
heats the rain that has fallen and that’s how it goes away afterwards, it goes back into
the clouds and then it starts to rain again.” From her explanation, it seems that Simone
has a good understanding of the rain cycle.

After writing down (representing) the children’s theories in words, their teacher
asked them to draw pictures of where the rain comes from. Simone’s detailed draw-
ing included pipes or tubes going up, from the ground to the sky, to convey the water.
Thus, by engaging children in graphic representation of their theories, the teacher got a
much clearer picture of Simone’s misconceptions, despite her seemingly accurate verbal
representation.

Graphic representation has been used effectively to study children’s developing sci-
entific theories, as well as to understand and to help children clarify their own learn-
ing. For example, studies of older children’s theories of gravity (why people don’t fall
off, if the earth is round) draw on the use of representation (Vosniadou, Chapter 24,
this volume). Such studies reveal that children construct similar misconceptions as they
strive to understand a complex concept such as gravity. For example, most children in
the primary grades readily state that the earth is round because they have been told this
fact numerous times. However, when asked to draw the earth, children represent people
standing on top of a circle, or other depictions that indicate the limitations of their
understanding of this scientific concept. Because misconceptions constructed early in
life are highly resistant to change, teachers need to know more about how children think
and which strategies, such as representation, are effective in promoting more accurate
conceptual development (Gardner, 1991).

One way to think about persistent misconceptions is that they are children’s con-
structed responses to complex questions that make sense to children, and that they
remember. But what is memory? We know that memory is an essential foundational
process that relates to learning across all domains. But how does memory develop, and
what can teachers do to promote its development? We address these questions in the
section that follows.
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Memory

Developmental science provides useful information to help teachers understand mem-
ory, although more needs to be discovered. Studies of learning and memory indicate
that these two processes are not the same thing because even in infancy there are age-
related memory differences that are unrelated to learning (Bauer, 2009). Nevertheless,
memory is essential for new learning to occur and for previous learning to be retrieved
when needed.

Neuroscience contributes to our understanding of how memory and learning inter-
act in practice. Two critical processes—consolidation and reconsolidation—must occur
if new learning is to be committed to memory. Consolidation is the process of keeping
newly learned material alive long enough for it to be integrated into memory (Bauer,
Chapter 5, this volume). Consolidation is important because when learning is “new”
the child is highly vulnerable to forgetting. Reconsolidation is akin to the process of
revisiting what has been learned previously through new learning or experience. Recon-
solidation in memory is both a challenge and opportunity for learning. During recon-
solidation, the challenge is that new learning can interfere with previous learning and
forgetting occurs. The bright side is that reconsolidation offers the all-important and
effective opportunity to connect or integrate new learning with prior knowledge—a
teaching and learning strategy that is consistently found to be effective (Bauer, Chapter
5, this volume; Bransford, Brown, & Cocking, 2000). Well-known approaches to early
childhood education, including the High/Scope curriculum (with its plan-do-review
cycle) and the Reggio approach (with its use of representation and documentation of
experiences), incorporate the power of revisiting experiences for memory and learning.

Educators can draw a few important conclusions about memory processes from
developmental science. Apparently, learning is “fragile” and easily interfered with or
forgotten, especially when new learning is introduced. In short, consolidation takes
time. Recognizing these basic facts about how memory works leads one to question
several aspects of current educational practice. School curricula today are said to be “a
mile wide and an inch deep.” Such curricula constantly expose children to new facts or
concepts well before existing learning has been consolidated. Children have little oppor-
tunity or support to relate new learning to what they already knows; this is especially
difficult for children whose prior experience was gained in diverse cultural contexts. In
addition, curricula move along at relentless speed, with little variation for differences in
children’s ability to keep up. Time tables are set by the graded structure of schools or the
date of standardized testing rather than children’s need to consolidate learning. There-
fore, it is not surprising that children must be taught the same thing year after year, yet
still struggle to understand and apply complex concepts. They simply do not recall prior
experiences, or they do not understand how new learning is connected to old learning.

More practically based developmental research with preschoolers and elementary
age children demonstrates the effectiveness of specific strategies that can promote con-
solidation and reconsolidation of new learning. Studies of mothers and preschoolers
identified several conditions that promote memory in young children (Ornstein, Coff-
man, & Grammer, Chapter 6, this volume). A meaningful, pretend-play task during
which mothers and children engaged in joint verbal exchanges was found to greatly
enhance children’s comprehension and memory. These situations demonstrated the
importance of positive relationships to learning (as in a mother—child dyad), and also
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the value of particular language strategies to promote memory (Ornstein, Haden, &
Hedrick, 2004). Most encouraging was the finding that mothers (and, therefore, pre-
sumably teachers) could be trained to use effective language prompts to aid children’s
remembering of details of experiences. The strategies included (1) using “Wh” questions
to call children’s attention to details; (2) making connections to what children already
know; (3) using follow-ins that connect the experience to children’s interests; and (4)
encouraging evaluations of the experience (“What did you like best?”).

Research conducted in elementary school classrooms supports the findings from
studies with mothers and children (Ornstein et al., 2004) Teachers can use specific,
deliberate strategies to improve children’s memory. These include simple strategies, such
as asking children to rehearse new learning and asking children what they remember
(deliberate demands for memory). More complex strategies promote metacognition in
which children reflect on their own memory processes. Researchers found that focus-
ing on these deliberate memory strategies during first grade (at the outset of children’s
school career) was especially important for long-term memory and learning success.
They also found that most teachers do not intentionally engage in these deliberate
memory-enhancing strategies. Adding these skills to teachers’ repertoires of effective
teaching strategies could go a long way toward improving children’s school success,
especially for those children who do not receive this kind of assistance in their homes.

In our discussion of each of these fundamental developmental processes—self-
regulation, representation, and memory—we have seen the importance of positive rela-
tionships between children and parents or teachers. Next, we focus on the essential pro-
cess of attachment that underlies successful learning and development across domains.

Attachment

From birth, children’s development is influenced by the nurturance and care that they
receive from adults—first their parents, then members of the extended family, and
finally caregivers and teachers. If important adults are responsive and sensitive to their
needs, children develop secure attachment relationships that allow them comfortably to
explore and learn about the world (Ainsworth, Blehar, Waters, & Wall, 1978; Bowlby,
1969/2000; Sroufe, 1996). These children have a strong foundation not only for building
relationships with other people but also for learning (Watson, 2003). Securely attached
children see adults as trustworthy and come to see themselves as competent. Secure
attachment relationships help children learn self-regulation and social skills.

By contrast, some children grow up in families that, for a variety of reasons, are
unable or unwilling to provide reasonably consistent, sensitive, responsive care. Moth-
ers or other caregivers may be depressed, ill, or stressed by economic or other conditions
that lead them to be neglectful, punitive, or hostile to their young children. Some chil-
dren are abused, neglected, or exposed to drugs and violence. In such an environment
children may not be able to trust adults to keep them safe, and as a result, they lack
social competence. These insecurely attached children may be disruptive in child care
centers or schools (Ainsworth et al., 1978).

Although early attachment studies, especially the work of Ainsworth and Bowlby,
focused on the mother—child attachment relationship, current research examines the
relationships between teachers and children (Birch & Ladd, 1997; Howes & Smith,
1995; Pianta, 1999). This research has found a strong correlation between the quality of
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teacher—child relationships and children’s development and learning across the full age
span, from infancy through primary grades. Whereas a secure attachment to a mother
or primary caregiver serves as a safe base for exploration and learning, a positive rela-
tionship with a teacher also facilitates children’s academic, as well as social, success in
school.

Fortunately, research also indicates that attachment relationships with parents do
not necessarily predict attachment relationships with teachers (Howes & Ritchie, 2002).
In fact, children are capable of forming multiple attachments that may differ in quality.
A child who is securely attached to parents may be insecurely attached to teachers, or a
child may develop a positive relationship with a teacher or caregiver even if he or she is
insecurely attached to parents. In a series of studies across the age span from infancy to
third grade, Howes and Ritchie (2002) found that positive teacher—child relationships
are linked to many positive child outcomes. Moreover, they found that “even if children
have not been able to trust prior caregiving adults, current child—teacher relationships
can be positive and compensate for difficult previous relationships” (p. 3).

Having examined four different but related foundational processes at various points
in development for all children, we now turn to the related topic of how children develop
as individuals.

The Role of Individual Differences

A complete discussion of the literature on individual differences is beyond the scope of
this chapter. However, developmental science across all the domain-general processes
described previously demonstrates that there is a wide range of individual differences in
when, how, and to what extent children develop these important abilities. For example,
examination of this research strongly supports the interactive relationship between biol-
ogy and environment in the development of self-regulation. From earliest infancy, chil-
dren display different degrees of self-regulatory behavior stemming from differences in
their ability to control biologically related arousal states, such as the sleep—wake cycle
(Calkins & Williford, Chapter 9, this volume). These differences can have long-lasting
consequences for children. At the same time, research demonstrates that early interven-
tion strategies implemented by parents and caregivers or teachers can be effective in
teaching children many behaviors related to self-regulation. Simple strategies, such as
teaching children to take a breath and calm down, are effective because controlling the
physical state of arousal helps children begin to control their behavior.

More research is needed to identify patterns of individual differences in children
and mechanisms for assessing children’s individual strengths as well as needs. Promis-
ing research, using a variety of assessment procedures, indicates that even before formal
schooling children demonstrate different profiles of abilities (Bornstein, Chapter 7, this
volume). When educators only test children’s verbal ability, as is often the case, they
miss children’s strengths in other important areas, such as numeracy, sociability, or
psychomotor skills. Attention to the full range of children’s capabilities might go a long
way toward closing the achievement gap for children from low income families and
children of color.

Looking across these processes—self-regulation, representation, memory, and
attachment—it is clear that children’s experiences in their homes and communities influ-
ence individual differences in their development and learning. Some children have many
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opportunities to represent experience in language, whereas others, especially those liv-
ing in poverty, have far fewer language-enriching opportunities (Hart & Risley, 1995).
Children whose early experience is chaotic and devoid of positive attachments to adults
are likely to be at risk for developing all these fundamental processes. Therefore, early
childhood programs and schools need to focus as much or more on interventions in these
fundamentals as on basic skills. Developmental processes, including self-regulation, rep-
resentation, memory, and attachment, are the real basics of education.

Group Differences

Children develop as individuals, but they also develop as members of groups. All devel-
opment and learning occurs in, and is influenced by, social and cultural contexts (Bron-
fenbrenner, 1979). In America’s diverse society, schools serve children representing dif-
ferent racial, ethnic, cultural, and linguistic backgrounds. In addition, socioeconomic
class intersects with each of these areas of diversity to influence children’s identities and
abilities.

Given the realities of diversity in our nation, the usefulness of developmental science
for education depends on the inclusion of diverse children and families in all research
designs. If research within a homogenous population of children (white, middle class)
finds a wide range of individual differences (Bornstein, Chapter 7, this volume), similar
research with a more diverse population could have wide-ranging implications for edu-
cational practice and policy.

Any discussion of research, especially basic research of the kind described here,
begs the question, “So what?” In the section that follows, we discuss the implications of
developmental science on the classroom for young children.

How Would School Be Different?

If we united developmental science with education and integrated both the best of early
childhood education and the best of elementary education, what would school be like
for young children ages 3 to 8? This section describes some of the major ways school
would differ from what most young children in the United States experience today.
Eight differences are highlighted. When describing current practice, we realize that our
general statements are not universally true across classrooms in the United States. Please
take these statements as they are intended: to paint a general picture of current practices
rather than as definitive statements capturing the wide range of current practices.

Experimentation, Explanation, and Explicit Instruction

Many preschool teachers have been taught the Piagetian concept of constructivism, in
which children construct knowledge from their own experiences (Piaget, 1952). Teach-
ers often implement this concept by acting in the role of facilitator as young children
explore the classroom environment and materials. Teachers may facilitate children’s
thinking by asking questions, but rarely do the questions probe deeply enough to pro-
mote a deep understanding of concepts. There is little explicit instruction except for let-
ter names, counting, and days of the week. By contrast, in elementary schools, teachers
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engage regularly in explicit instruction and provide little time for exploration. When
experiments are included, children are often expected to glean the concepts from their
own trial and error.

What would be different if we applied developmental science? Preschool and ele-
mentary school teachers would be intentional about when it is best to provide explicit
instruction and when to allow experimentation or independent exploration. Teachers
would have a full grasp of the content area. Experimentation would include appropriate
teacher or peer support. Teachers would provide explanations and be purposeful as to
when and how they do so. Explicit instruction would be one of a range of tools teachers
would use to build children’s knowledge. It would be seen not as the “be all and end
all” nor as the “never ever to do” but rather as an efficient way to ensure that children
master certain concepts (for more information on exploration and explanation in sci-
ence instruction, see Klahr & Nigam, 2004).

Understanding Misconceptions

Today, teachers tend to focus on the correct answers. If a child gives an incorrect
answer, the teacher may provide the correct answer, with or without an explanation.
If we applied knowledge from developmental science, then the teacher would spend
considerable time talking with the child and asking questions to understand the child’s
misconception of the construct. Teachers would also engage children in various forms
of representation to reveal children’s understanding of complex concepts, as described
earlier in this chapter. As is evident in Stella Vosniadou’s research (Chapter 24, this vol-
ume), effective teachers understand children’s naive or partial thinking so that they can
provide the experiences and explanations that specifically address their misconceptions.
Thus, spending time to understand children’s misconceptions is valued and necessary to
teach complex constructs effectively.

Depth Instead of Breadth

Currently, state curricula for the elementary grades often cover a dizzying range of top-
ics within math, language arts, science, and social studies. If we were to implement what
we know from developmental psychology about how children learn these topics, cur-
ricula for children ages 3—8 would focus on a small array of topics within these content
areas. Teachers would spend considerable time and effort to ensure that children have a
deep understanding of concepts that are the foundation for later learning.

Deciding What to Teach

Catherine Snow talks about the “problem space” of becoming a competent reader (Snow,
Griffin, & Burns, 2005). This space represents the breadth and depth of knowledge and
skills necessary to be literate in our society. She recommends that more instructional
effort be given to the skills and knowledge that take up larger amounts of this problem
space. With regard to literacy, whereas vocabulary is one of these large problem spaces,
knowing the names of the letters takes up only a small part of the literacy “problem
space.” Children need to learn thousands of new words per year to acquire the vocabu-
lary necessary for later reading comprehension and learning across the subject-matter



Rethinking Early Schooling 25

disciplines. By contrast, the alphabet comprises only 26 letters, which most children
master within a fairly short period of time. Teachers of young children, however, often
spend considerable time on letter knowledge and much less time intentionally teaching
new vocabulary words.

If we teachers were to apply what we know from developmental science, we would
spend much more time supporting children’s vocabulary development and less time
teaching specific letter names. Knowing the alphabet is one of the strongest predictors
of early reading success, and it should be taught. However, learning the alphabet does
not take as much time and effort as expanding vocabulary. Furthermore, teachers and
researchers would work together to delineate the “problem spaces” for as many curricu-
lar areas as possible, then use them as guides for instructional time in classrooms for
children across the 3- to 8-year-old age span.

Development, Content, and Process

As mentioned previously, preschool teachers generally have a better understanding of
development than of academic content, and elementary teachers generally have a bet-
ter understanding of content than of development. Teachers across early childhood and
elementary grades typically do not think about the foundational processes of learning,
such as memory and problem solving, as something to be taught explicitly (although
some may implicitly teach them). If we were to apply what we know from develop-
mental psychology, teachers would have a solid understanding of (1) how foundational
processes such as memory, self-regulation, representational thought, and attachment
develop between ages 3 and 8; (2) the content of the curriculum in numeracy, literacy,
language, and socioemotional competence; and (3) the processes through which chil-
dren learn. The foundational processes of learning, such as memory and socioemotional
competence, would be explicitly addressed in the curriculum.

Play

“Children’s work is play,” a familiar saying among early childhood educators, is evi-
dent in the play-based curricula in classrooms for 3- and 4-year-olds. As discussed ear-
lier, high-level sociodramatic play promotes self-regulation and language competence.
Although play is valued by early childhood professionals, there is still insufficient under-
standing of the benefits of different kinds of play and the critical role of teachers in
ensuring that play is beneficial. Additionally, all children are not the “natural” players
that some people think they are, and this broadens the role of teachers, who may need
to help children learn play skills, if they are to benefit fully.

With the increased accountability demanded by No Child Left Behind, public
school for children in kindergarten through third grade looks more like work than play.
Engagement with games, props and materials for construction, and art and music is
often relegated to recess time on rainy days or saved for special occasions. If teachers
of children ages 3 to 8 were to apply developmental knowledge to the classroom, then
play would be a regular, intentionally planned, teacher-guided activity across this age
spectrum, with the acknowledgment that play for 8-year-olds is different than the play
of 4-year-olds. As children become older, play becomes more representational and rule-
governed (Piaget, 1945/1962; Vygotsky, 1966/1977). Whereas younger children may
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create their own dramas in the dramatic play area that is set up like a grocery store or
dentist office, older children might act out a play or dramatize a story they’ve read. By
understanding the development of children’s play and the role of play in children’s learn-
ing across this age span, teachers can effectively use play as another instructional tool.

Relationships

Early childhood research has long emphasized the importance of positive relationships
between a teacher and a child as foundational to all work with young children. Research
has consistently demonstrated an association between positive teacher—child relation-
ships and children’s social, emotional, and intellectual competence (Cost, Quality and
Child Outcomes Study Team, 1995; Howes, Smith, & Galinsky, 1995; NICHD Early
Child Care Research Network, 1999, 2005; Whitebrook, Howes, & Phillips, 1990).
Internalized dispositions toward learning, such as competent exploration and self-
reliance. are also linked to secure attachment organizations (Cohn, 1990; Pianta &
Harbers, 1996). Systems theory takes the notion of relationships one step further to
suggest that children are motivated by adults who support their need to be competent
and encourage them to interact positively with others (Connell & Wellborn, 1991; Ryan
& Deci, 2000; Skinner, Connell, & Zimmer-Gembeck, 1998).

If we apply what we know about the importance of positive relationships, a class-
room may look different in several ways:

e Social development would not simply be scheduled into the day, or ignored out-
right; rather, teachers would utilize the opportunities for prosocial development
that emerge throughout the day, such as conflict resolution, and expressions of
feelings.

e Teachers would be willing and able to explore more effective ways to interact
with challenging children.

e Difficult behavior would be viewed as a child’s way of communicating problems
rather than as misbehavior or as an opportunity for discipline.

e There would be frequent opportunities for children to engage in meaningful and
extended conversations with teachers and peers.

Addressing the Whole Child

Currently, the bulk of a young child’s day in kindergarten and primary school com-
prises literacy and math. There is often little or no time for physical activity, art, music,
and even social studies and science. A concern for knowing far more about children’s
skills and abilities would call for a far more balanced day than what is generally found
today. Marc Bornstein’s work (Bornstein, Chapter 7, this volume) addresses the ques-
tion, “What about the child’s mind should we consider when interacting with and teach-
ing the child?” His simple answer is that we currently focus on a far too limited and
limiting view of children’s abilities. Bornstein helps teachers expand their notions of
skills, talent, and expertise in children by emphasizing strengths in three domains—
physical, cognitive, and socioemotional. If teachers utilized Bornstein’s ideas, then both
the priorities for a school day and assessment would look very different. Teachers would
draw on children’s unique strengths and interests to help them achieve in the important
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areas of literacy and math, as well as broaden the curriculum to allow for development
in more domains.

If we want school for 3- to 8-year-olds to look different than it does now, we must
implement multiple strategies to spark and sustain the needed changes. One of the most
important strategies for supporting long-term change is working with institutions of
higher education to change the way they prepare teachers of children in this age span.
In the next section we discuss some of the changes that developmental science suggests
for teacher preparation.

Teacher Preparation

This is a reflective time for teacher-educators and teacher education programs. With the
No Child Left Behind (NCLB) Act of 2001 (Public Law 107-110) and its complementary
early childhood initiative, Good Start, Grow Smart (Office of the White House, 2002),
as well as scientific evidence about the importance of quality teacher—child interaction
in the early years (e.g., Shonkoff & Phillips, 2000), increasing attention has been turned
to professionals who work with young children. However, the research base is unable to
offer policymakers and practitioners specific strategies and systems that may develop a
highly qualified early childhood workforce (Zaslow & Martinez-Beck, 2006). The very
usefulness of teacher education has been publicly challenged in both research and politi-
cal areas (e.g., Ballou & Podgursky, 2000; Darling-Hammond & Youngs, 2002; U.S.
Department of Education, 2003). The U.S. Secretary of Education, for example, sug-
gested that teachers’ content knowledge and verbal abilities are more critical than edu-
cation training and field experiences (U.S. Department of Education, 2003). A joint data
analysis project of seven major studies examining early childhood classrooms, teachers,
and children revealed few linkages between classroom quality and teacher education
(Early et al., 2007). One of the possible explanations for this lack of association is that
teacher preparation programs vary widely in their content and quality. At the same
time, the changing demographics in our society are pushing us to examine culture and
inclusion of all children, and this certainly provides real challenges to current teacher
education (Isenberg, 2001). Finally, and most importantly, the educational needs of our
most vulnerable children continue not to be met (Ray, Bowman, & Robbins, 2006).
The focus on empirically supported pedagogy is essential for the optimal prepara-
tion of professional educators. Scholars argue that teachers who understand how learn-
ing occurs are better able to select and develop curricula that support the learning
process (Bransford, Darling-Hammond, & LePage, 2005). Teachers who understand
child development and learning are more likely to select learning experiences, tasks,
materials, and instructional strategies that meet children where they are, maintain their
motivation, and move them toward greater competence (Horowitz et al., 2005). The
blending of sound elementary education teaching strategies that focus on content knowl-
edge with the child development pedagogies of early childhood education is needed to
provide the early educator with the skills and knowledge to engage in meaningful and
productive teaching. The early educator needs to possess a wide repertoire of skills to
help education professionals respond to the individualized learning strengths and chal-
lenges of children. Research suggests that the varied use of strategies is the hallmark of
the versatile teacher, who is able to select among teaching approaches to match students’
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learning styles and competencies (de Kruif, McWilliam, Ridley, & Wakely, 2000; Kon-
tos & Wilcox-Herzog, 1997).

Teacher-educators are being called upon to reexamine their programs to be respon-
sive to research findings. Teacher-educators who seek change can benefit from knowl-
edge gained from programs involved in change processes; from inclusion community
members, family members, and school faculty in program planning; from the evaluation
of faculty competence; from the close scrutiny of the knowledge and skills developed
through the examination of teacher and student outcomes; and from the ability of the
program structure to sustain and to convey the program mission and values.

In response to some of these issues, a task force of researchers and developmental
scientists convened in December 2005 and March 2006 to discuss the topic Child and
Adolescent Development Research and Teacher Education: Evidence-Based Pedagogy,
Policy, and Practice. James Comer, Chair of the task force, wrote of an important
moment:

Over the years, the numbers of teachers who had taken child and adolescent development
courses in their pre-service training increased to almost all. But even now, few have had
applied child development courses or experiences. The most powerful moment of our
roundtable time together for me occurred when the teachers of teachers identified this major
continuing problem—we teach the theory, but not enough about how to apply it. It was this
kind of insight that I had long hoped that discussions between child development scientists
and educators would bring about. (NICHD & National Council for the Accreditation of
Teacher Education [NCATE], 2007, p. iv)

This group concluded with three recommendations for teacher educators:

1. Training teachers in development should not be a one-course solution.

2. Training approaches should be different for teachers at elementary, middle, and
high school levels.

3. Emphasis should be on the centrality of development rather than passing on
information.

We have used these recommendations as a platform to expand thinking about the
implications for teacher education practices that focus on fundamental processes as the
real basics of education.

Training Teachers in Development

Four strategies for changing the program structure of teacher preparation programs are

described.

Communities of Practice

Scholars argue that the knowledge teachers need to teach well emanates from systematic
inquiries about teaching, learners and learning, curricula, and schools and schooling.
This knowledge is constructed collectively in local and broader communities (Cochran-
Smith & Lytle, 1999). A community of practice promotes meaningful teaching and
learning through regular engagement of education professionals in an inquiry process to
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examine and refine instructional practices to improve teaching and learning processes
for children. A community of practice approach promotes a mindset that pushes prac-
titioners past the notion that a simple right answer or a formula will solve the complex
problems they encounter in classrooms, to one wherein situations they encounter drive
them to seek new information, value the knowledge and experience of other profession-
als, and inquire into their own practice. These kinds of established networks need to
start during preservice and be facilitated as an essential aspect of ongoing professional
development.

An Interdisciplinary Focus

The community of practice approach merits an interdisciplinary and collaborative focus
in the preparation of teachers. To become an effective collaborator, professional educa-
tion students need opportunities to practice and learn about shared communication
and decision making across the education disciplines in the school community. Models
and strategies for collaboration across the education disciplines must include teaming
and collaboration with literacy specialists, special educators, allied health professionals,
school counselors and psychologists, and school administrators. Interdisciplinary col-
laboration promotes the integration of instructional strategies that help professionals
move toward an integrated and holistic approach to children’s learning.

Joining Preservice and Inservice Efforts

Better informed ways to approach children’s learning need to shape not only the novice
but also the veteran teacher and other education professionals. Schools provide the best
possible forum for interactions. Novice teachers simply cannot be the only ambassadors
for change. An approach to lifelong learning based on shared expertise and multiple
perspectives has multiple benefits. It allows preservice teachers to get out of college
classrooms and inside schools to grapple with these issues with people who encounter
them daily. It allows for discourse between university/college people and professionals
who have not recently been engaged with higher education. It facilitates teachers’ buying
into new notions of how to think about children and their learning styles.

It is often difficult for preservice/student teachers and novices to bring their enthu-
siasm and newly gained knowledge and ideas into environments where they are the new
kid on the block. They are too often quickly silenced by their own inability to articulate
their knowledge, and by teachers who assure them that none of what they learned in
college really works. On the other side of that coin, university faculty would do well
to encounter the realities of classrooms and the complexity of making changes in class-
room practices or school policy.

Transcending the Survey Method of Teacher Education

As programs reexamine the content of their courses, using the principles of cognitive
science provides a lens through which to view the traditional focus on breadth rather
than depth in methods and content courses. Cognitive science guides us to narrow the
number of topics in science and math to those that are foundational to subsequent
learning. Helping teachers acquire knowledge that more adequately develops conceptual
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understanding of scientific principles will enable them to respond fully to children’s mis-
conceptions and help children to expand and clarify their thinking.

Emerging and veteran educators need program structure to be responsive to what
we know about what teachers need. A professional development model characterized by
a social process, in which novice and expert education professionals across the schools,
community, and university collaborate to solve common problems and challenges within
schools (Rogoff, 1990; Tharp & Gallimore, 1988), makes needed room for the integra-
tion of emerging knowledge on cognitive science and foundational processes.

Differentiating Training Approaches

The foundational processes focus on children ages 3—8; thus, we not only support the
notion of differentiating training approaches but also advocate for fully adapting teacher
education to prepare educators to work with children across this particular age span and
developmental period. Most children develop substantial oral language skills by age 3,
and by the time they reach third grade, schools expect them to be relatively competent in
written language. Because success beyond third grade is highly dependent on children’s
skills in writing and understanding written language, their early school experiences
should ensure that they have optimal opportunities to become competent readers and
writers. Schools typically increase and alter expectations for children at about age 7 or
8, which underscores the need to prepare teachers to help children reach these goals.

Language and literacy, however, cannot be the only focus. Teachers of young children
must also facilitate the development of the foundational processes that support memory
development, representational thinking, mathematical reasoning, self-regulation, and
attachment. Success in these areas will support children’s acquisition of critical thinking
skills and knowledge, skills, and concepts across content areas. Children must develop
physically, socially, and emotionally, and become increasingly competent in practices
that will keep them healthy and safe. These are all critical tasks for children’s early
school years.

Race, social class, and culture must be part of the conversations about effective
teacher preparation. Teacher preparation must embody a social justice agenda that
pushes educators to take responsibility for responding to the ongoing conditions that
contribute to a national crisis that perpetuates situations in which racial minority chil-
dren and children in poverty are more likely to attend programs with teachers who lack
subject content knowledge, have lower academic achievement, and are inexperienced
(Peske & Haycock, 2006). Racial and cultural minority children, and children from
low-income families, are more likely to enter kindergarten behind their middle-class
European American peers; to have lower educational achievement in reading and math;
and to be assigned disproportionately to special education classes. Even when their
incomes are similar, ethnic/minority children fare more poorly on standardized tests
(Denton & West, 2002; Riegle-Crumb, 2006); African American boys are more likely
to be expelled from preschools (Gilliam, 2005), and African American and Latino boys
have higher rates of grade failure (U.S. Department of Commerce, 2005). Educators
must be prepared to think beyond traditional practices that relegate the most vulnerable
populations to repeated failure.

Preparation approaches need to correspond closely in method and content to what
is being asked of teachers. Just as teachers are prepared to link children’s new learning
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to prior knowledge, they need opportunities to experience new learning in a variety of
contexts and to engage in metacognitive reflection upon their learning. Opportunities
for teachers should include linking new knowledge about foundational processes of
memory, self-regulation, representation, and attachment to their own knowledge and
experience, practical application and practice in classrooms, and a forum for inquiry
and refinement.

Novice and veteran educators and university faculty need to work with one another
to explore some of the following questions:

e What is the effect of ongoing difficulties in classrooms for children who strug-
gle with repeated failures due to difficulty with relationships, memory, and self-
regulation?

e What are teachers’ varying roles in offering emotional and instructional support
for the development of foundational processes?

e How does language acquisition/vocabulary development support children’s foun-
dational processes?

e How do teachers become intentional in their application of skills and knowl-
edge?

e How does a lens that makes central the questions of race, class, and culture refine
practices that truly meet the needs of all children?

Emphasizing the Centrality of Development

Educators who focus on children’s development “match content with children’s develop-
mental levels and emerging abilities” (Epstein, 2007, p. 128). In today’s schools, content
tends to equate to objectives of the school/district/state curriculum that mandates what
children will learn and, more often than not, how they will learn it. Moving toward a
more developmental approach will not be popular among administrators who are pres-
sured by NCLB and who do not have a background or experience in child development.
A developmental approach is not prescriptive, it is not didactic, and it is not one size
fits all. A developmental approach respects teacher knowledge and decision making and
recognizes individual difference in children. Because most schools—and therefore most
teachers—are preoccupied with making sure that children meet accountability stan-
dards, it is important that the links between these approaches and positive outcomes for
children become more apparent. Administrators’ concerns are real, and their perspective
is valid; thus, empirical research that supports a developmental approach, and educa-
tors who can articulate their developmental practices, must be part of the dialogue that
helps all education professionals struggle to make choices on behalf of children, and
their social and academic success in school. Evidence that curricular and instructional
practices support the development of children’s foundational processes will contribute
significantly to this discussion.

Implementing the ideas voiced throughout this section is not a simple charge. Devel-
opmental science historically has not been a strong part of teacher preparation pro-
grams. Assuming the burden of rethinking the content, structure, and process of teacher
education will require proactive thinking and planning that includes the voices of the
faculty and the commitment of the group to developing and implementing shared values
and vision.
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Recommendations

In this chapter, we addressed three fundamental questions:

1. Based on current research in developmental science, what are the foundational
developmental processes that underlie achievement across all areas from age 3
through grade 3?

2. How would early schooling look different if developmental science were broadly
applied in practice?

3. What are the implications of developmental science and its practical applications
for teacher preparation?

Developmental science holds relevance for every dimension of early schooling—
curriculum design, assessment, and instructional practice, as well as initial teacher
preparation and ongoing professional development of teachers. In earlier sections of the
chapter we discussed each of these questions in some detail, along with implications for
changes to practice. We conclude by offering a few crosscutting recommendations.

o Update child development studies at every level to reflect current developmen-
tal science. Although early childhood teacher preparation tends to include more child
development study than does elementary education, the content of courses is not always
current. The emphasis is often on ages and stages or theories without clear connections
to practice. Teachers need deeper understanding of domain-general and domain-specific
developmental and learning processes. They also need a repertoire of effective strate-
gies and interventions for applying this important knowledge across the age span. For
example, self-regulation is a far broader and more complex developmental process than
self-control, which is more likely to be a goal of early childhood programs at present.
Similarly, the importance of representation, when it is discussed at all, tends to be con-
nected only to reading and writing, rather than more broadly as a competence that
applies across domains and subject-matter disciplines.

o Apply current knowledge of developmental science to curriculum design. It is
time that early childhood and elementary education move away from stereotyping of
curriculum as either canned and totally prescribed or emergent and nonintentional to
a broader based effort to ensure that whatever the source, curriculum design reflects
developmental science about how children learn. Domain-specific research in areas such
as science and mathematics indicates that teachers need curricular support to teach
concepts accurately and sequentially, where necessary, to build children’s understanding
(Ginsburg, Chapter 18, this volume). The same is true of language and literacy learning.
Such curricular resources, which may include scripts or prompts that do not restrict
teachers but rather guide teachers’ explanations or launch conversational exchanges,
can be effective ways to move current knowledge into practice.

e Provide teachers with more curriculum resources, assessment tools, and guid-
ance for individualizing instruction. Evidence of individual differences permeates devel-
opmental science, yet most educational practice ignores the reality of individual and
cultural variation among children. This is not an easy reality to address, yet the large
achievement discrepancies between groups of children will never be eliminated unless
specific solutions are forthcoming.
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o Eliminate simplistic, either—or solutions to educational questions while expand-
ing and deepening teachers’ understandings of complex developmental processes. This
recommendation refers to the unfortunate tendency in education to oversimplify teach-
ing and learning, which are complex processes indeed. This tendency leads to the over-
use of bromidic phrases, such as “Play is children’s work,” “Children construct their
own knowledge,” or “Direct instruction leads to rote memorization.” Even a cursory
summary of developmental science such as that provided in this chapter demonstrates
that these statements are half-truths at best and gross misrepresentations at worst.
Under certain supportive conditions, play is a highly effective context for developing
important processes, including self-regulation and language, but such a positive out-
come is not automatic. Similarly, although it is true that children construct understand-
ing, left to their own devices, children cannot discover all that is important for them to
know. Children’s own experimentation, supported by teacher explanation and at times,
explicit instruction, is perhaps the most effective teaching strategy. Likewise, memory is
essential for learning and should not be stereotyped as “rote.” At the same time, teach-
ers can explicitly instruct children in deliberate strategies to improve memory.

e Promote positive teacher—child relationships across the educational spectrum.
Current developmental science more than ever supports the importance of positive,
responsive relationships between teachers and parents for children’s learning and devel-
opment (Mashburn et al., 2008). Given that such relationships are not the norm for
every child and are actually rare in many elementary classrooms, concerted effort must
be made to incorporate relationship-building strategies in teacher preparation and ongo-
ing professional development (Pianta, Belsky, Vandergrift, Houts, & Morrison, 2008).
The power of joint verbal exchanges—interesting, engaging conversations between
teachers and children—to effect learning also provides a strong foundation for personal
relationships.

e Build collaborations between developmental scientists, educational researchers,
and teachers. An inherent conundrum exists in the call for scientifically based educa-
tional practice. Good science controls as many variables as possible to identify cause—
effect relationships accurately. By contrast, classrooms are messy structures in which
variables and conditions cannot be controlled. Good teaching tends to be responsive
and is adapted to the inherent individual variation among children rather than applying
the same solution to all problems. Bringing scientists into the “messy” world of class-
rooms is essential if their work is truly to be applicable to practice.

Implementing these broad recommendations along with the more focused recom-
mendations included in previous sections of this chapter would go a long way toward
bridging the ever-widening gap between developmental science and early education. At
the same time, such efforts would undoubtedly transform early schooling, resulting in
improved educational achievement for all children.
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Bridging Developmental Theory
and Educational Practice
Lessons from the Vygotskian Project

Anna Stetsenko
Eduardo Vianna

his chapter makes the case for a bidirectional interdependence and mutual utility of
developmental theory and educational practice based on the view that these two
seemingly disparate endeavors are essentially intertwined—representing two dimen-
sions of one and the same continuously evolving process of sociocultural practices (or
human praxis). We focus on the contribution of Vygotsky and his followers (what we
term “the Vygotskian project”) and discuss how insights from this approach inform
current debates on the relationship between theory and practice, while helping to bridge
the gap between them. In particular, we show, on the one hand, how Vygotskian novel
theory about the dynamic links among the processes of teaching, learning, and develop-
ment represents a crucial step in devising educational practices that meet the needs and
demands of the learners, and on the other hand, how these very practices serve as an
important vehicle that helps to advance theorizing about human development. We also
comment on the question of developmentally sensitive practice that is at the heart of the
paradigmatic clash between direct instruction and discovery-based learning models.
Our argument proceeds in the following way. We first address the question about
how theory and practice relate to each other and expose some long-standing stereo-
types that still exist in today’s approaches, as well as comment on the recently emerg-
ing, important trends in this area of inquiry. With the goal of drawing attention to
the agentive and transformative power of theory and knowledge at large, in the next
section, we discuss Vygotsky’s cultural-historical theory and show how it offered a
perspective in which theory and practice are closely aligned—to the effect that they are
essentially intertwined. Our position (Stetsenko, 2004) can be briefly summarized in a
two-part statement that whereas there is nothing more practical than a good theory, at
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the same time, there is nothing more theoretical than a good practice. In the final sec-
tion, we address the cultural-historical viewpoint on the relationship between teaching,
learning, and development (including a brief historical overview), and focus on how
Vygotsky’s initial theoretical formulations have been expanded and elaborated by his
followers. Our aim is to demonstrate that by dispelling the unfortunate stereotypes
that still prevail in traditional thinking about learning, teaching, and development, a
more dynamical theory of these processes (as proposed in the Vygotskian project and
expanded herein) directly embodies ways to conduct educational practices that lead to
profound developmental changes, with these improved practices reciprocally enacting
theory of human development and serving as a vehicle to advance this theory in a uni-
fied cycle of human praxis engendering seamless “theory—practice-theory” transitions.

Theory and Practice: The Traditional Divide and Advances in Overcoming It

A deep divide exists between theory and practice—as well as, concurrently, between
basic and applied types of research and knowledge—in the eyes of many researchers and
practitioners, including those working in the field of education. According to the still
prevalent traditional or “classical” view inherited from ancient Greek philosophy and
consolidated at the dawn of modern sciences in the 17th century (Stokes, 1997), theory
has to do with abstract notions of little practical relevance, derived mostly through con-
templation, whereas practice is little concerned with and hardly useful for advancing
theoretical constructions and fundamental knowledge. Within this strictly dichotomous
(split) view, theory and practice are two separate realms, with no immediate connections
between them and no easy way to traverse the gap that divides them. One of the hall-
marks of this view is that basic research is considered to be the only avenue to achieve
“pure” and genuine knowledge. Such knowledge is thought to be emancipated from
considerations of practical relevance and independent of procedures through which it is
obtained (including dimensions related to researchers’ goals, interests, motivations, and
their overall positioning vis-a-vis research topics). In addition, this kind of “pure” or
basic research and knowledge are often seen as having priority (being more significant
and “truly scientific”) over applied research and knowledge, entailing the view that
research should always proceed in a linear fashion from a search for basic knowledge
to its application.

The position that theory and practice are incontrovertibly divided is underpinned
by no less than a deeply entrenched and all-encompassing system of assumptions and
beliefs shared by many in the scientific and educational communities—a de facto coher-
ent worldview that often remains unarticulated and largely implicit in research and the-
orizing. In this worldview, the reality is split into all sorts of separate and totally inde-
pendent realms, such as knowing and doing, external and internal, ideal and material,
subjective and objective, and so forth. One important ingredient of this worldview is the
notion that knowledge is a purely “mental” phenomenon contained in and confined to
a separate space of ideas (or representations), and divorced from the tangible and mate-
rial “messy” processes out in the world associated with doing things rather than think-
ing about them or getting to understand them. In other words, “knowledge” is defined
as the inner depiction of outer, mind-independent realities and phenomena that have
very little to do with practical (i.e., tangible and material) actions in and on the world.
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Closely associated with this is the traditional notion that the major mission of science is
to explain and, at best, predict phenomena and events in the world (e.g., see The Ameri-
can Heritage Dictionary of the English Language) rather than to play any significant
role in influencing, shaping, and constructing these phenomena and events. Indeed, it is
not unusual for representatives of fundamental sciences to take pride in their research
being categorically apractical and completely devoid of any considerations of usefulness.
For example, as one mathematician states, “I have never done anything ‘useful.” No
discovery of mine has made, or is likely to make, directly or indirectly, for good or ill,
the least difference to the amenity of the world. ... Judged by all practical standards, the
value of my mathematical life is nil” (G. H. Hardy, quoted in Schoenfeld, 1999, p. 4).

That the view about knowledge and practice being separate has persisted through
centuries—from the time of Galileo, Descartes, and Newton until today—is actually
quite ironic, especially given the sharp contrast between the realities of life during that
distant historical epoch (when common diseases were untreatable and the steam engine
had not yet been invented) and present-day life, which is influenced by the powerful
effects of science, knowledge, and technology at each and every level. It is quite mis-
leading to think of science as being a totally “purist” and apractical endeavor aimed at
merely achieving knowledge and testing ideas, and of knowledge as merely ephemeral
and ineffectual, when the very air we breath, the food we eat, the environment we
inhabit, and indeed the whole fabric of life as we experience it today—with science
heavily involved at all of its phases from inception to death—have been altered, for bet-
ter or worse, in truly profound ways by this very science and knowledge. Indeed, it is
seemingly impractical science, such as mathematics (the idea endorsed by many basic
researchers and epitomized in the earlier quote from Hardy), that in fact is directly
implicated in advances in modern technology, including computers and magnetic reso-
nance imaging, that have radically altered human life and communication (Schoenfeld,
1999).

The traditional views on theory and knowledge are mirrored in how scholars work-
ing within the basic research paradigm on the one hand, and practitioners working in
classrooms and other practical settings on the other, organize and structure their pur-
suits. Basic research typically focuses on understanding phenomena in their “essence,”
that is, in abstraction from all the unpredictable influences and variations that poten-
tially occur within real-world contexts. Accordingly, an indispensable part of basic
research is believed to be selection and operational specification of variables that often
represent isolated aspects of some complex phenomena or processes. Researchers then
pursue validity and replicability of these isolated aspects, without much concern for a
more holistic approach that could do justice to the real-life complexity of these phe-
nomena. In sharp contrast to this, in actual educational practices, problems tend to be
complex and ill-structured, with phenomena being fluid and interdependent, as well
as highly contingent on surrounding contexts and circumstances, demanding solutions
that avoid piecemeal, isolationist approaches.

As a result, developmental psychology and educational practice so far have not
profited from each other as much as they potentially could given their common con-
cern for understanding and supporting the processes implicated in human growth and
development. On the one hand, discoveries about learning processes have not contrib-
uted much to our understanding of how children’s minds develop. For example, new
teaching methods are rarely discussed in terms of their implications for general theories
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of human development. On the other hand, psychological theories of development so
far do not have a large impact on the practice of teaching and learning (Strauss, 1998).
Although some ideas from cognitive psychology have influenced educational practice
(e.g., the emphasis on metacognition), too often these ideas have not been supported by
explicit strategies for implementing them in school. It is a height of irony that arguably
the greatest contribution of cognitive psychology to education is sometimes summed up
as “Think less about teaching and more about learning,” as if the two processes can be
viewed in isolation from each other. Indeed, we believe that the impassable wall between
teaching and learning inadvertently encouraged by such views can hardly benefit our
understanding of either one of these processes (Stetsenko & Arievitch, 2002).
Recently, the traditional “dualist” views on science and knowledge have been chal-
lenged in a number of ways. Motivated by thought-provoking work by Donald Stokes
(1997), researchers in education have intensified debates on how to bring theory and
research closer together, and how to traverse the interface between basic and applied
fields to bridge the gap that separates fundamental understanding and considerations of
use (e.g., Klahr & Li, 2005; Schoenfeld, 1999). Exciting developments are also taking
place in applied developmental psychology (ADP)—a discipline that seeks to advance the
integration of research with policies and programs striving to improve the life chances
and conditions of vulnerable populations and communities (e.g., see Lerner, Fisher, &
Weinberg, 2000; Pearce & Larson, 2006). This discipline defines itself as a major means
to foster science “for and of the people,” while contributing to community life and social
justice. What these disparate research directions have brought to the fore is a realization
that knowledge and its application need not be seen as two separate enterprises, and that
instead the findings from use-inspired basic research can directly inform the practice
and at the same time generate insights that help to advance theoretical knowledge.
Furthermore, there is an upsurge of approaches to science and research that are
inclusive of history, context, politics, and practices of knowledge production in psy-
chology and other social sciences (e.g., Danziger, 1990; Morawski, 2001; Narayan &
Harding, 2000; Walkerdine, 2002), as well as in participatory approaches that place
issues of power and politics at the center (e.g., Fine & Harris, 2001; Reason & Brad-
bury, 2001). These diverse works, united in their quest to increase practical relevance
of science, build upon many previous perspectives in philosophy of science and science
studies that capitalize on (1) facts and observations being contingent on scientific theory
and intimately entangled with it, (2) the role of social factors in shaping science, and (3)
the historicized nature of knowledge (e.g., see classical works by Kurt Lewin, Thomas
Kuhn, Karl Popper, Charles Tolman, and more recently Latour [2007], Knorr-Cetina
[1999], feminist epistemology, and others). In these approaches, science is revealed to
be much more than a purely intellectual enterprise, separate from contexts and prac-
tices in which knowledge comes to life and to which it contributes. Instead, theories
and knowledge are understood to arise from the practices of scientific communities
that are saturated with social relationships between researchers and their wider social
context, including, importantly, participants in research. Theory itself is understood to
be originating from and transformative of these practices. What is highlighted in these
approaches, in other words, is the reciprocal link between human involvement in the
making of scientific knowledge, including theory, and the sciences’ involvement in the
making of human life and history. As Jill Morawski (2001, p. 434) puts it, “Largely
unrecognized by most practicing scientists is that theory is not a universally fixed term
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but a historically contingent practice. ... Theory and practice can be more commodious
yet still distinct phenomena.” Drawing on insights from Dewey and Lewin, Morawski
reinstates the centrality of the notion of praxis—as practice informed by theory and
also theory informed by practice, while arguing for the need to relate the two more
intimately together.

However, all the exciting developments of recent years in discussions about theory
and practice notwithstanding, much of the debate suffers, in our view, from one consid-
erable shortcoming, namely, that in many works (especially in philosophy of science and
science studies) one can notice a reliance on the old-fashioned psychological notions of
mind and knowledge, for example, based in interpretations—and often misinterpreta-
tions—of narrowly conceived cognitive approaches. In science studies and philosophy
of science, the Piagetian stage-dominated understanding of how the mind develops, for
example, has been and often still is taken for granted (e.g., in works by prominent schol-
ars such as Thomas Kuhn, Jiirgen Habermas, and Margaret Archer; see Driver-Linn
[2003] on Kuhn’s reliance on Piaget). In many other works, the notion of mind and its
development remain undertheorized and therefore vulnerable to interpretations that are
still grounded in the dualistic worldview in which knowing and doing are seen as fun-
damentally incompatible processes. Because understanding how science and knowledge
function is impossible without a thorough account of human mind, its origins, and its
development through the lifespan, the disciplines dealing with the issues of theory and
practice (as well as with broader issues related to the status of knowledge) can benefit
from what developmental psychology can offer today. As suggested in the next section,
the Vygotskian project can be used as a springboard for developing viable concepts
of mind and knowledge that are suited for the larger purpose of overcoming the split
between theory and practice.

Vygotsky’s Cultural—Historical Theory

Vygotsky’s theory (e.g., Vygotsky, 1997a, 1997b, 1999, 2004) is now widely known to
psychologists and educators around the world as one of the seminal approaches to the
issues of human development and learning in the 20th century. This system of views,
often referred to as cultural-historical (also known as sociocultural) theory, was origi-
nally proposed by Lev Vygotsky in the 1920s and 1930s in collaboration with Alexej
N. Leontiev, Alexander R. Luria, and several other scholars. After Vygotsky’s untimely
death in 1934, this theory was continued within the gradually expanding investigative
project of what became Vygotsky’s school of thought, embracing several generations of
researchers (e.g., Galperin, Zaporozhets, Elkonin, Davydov). Initially developed dur-
ing a revolutionary time in Russia, marked by much turbulence and turmoil, yet also
imbued with social activism and hope, this approach offered—well ahead of its time—a
new vision on the most profound questions pertaining to human development. It also
suggested a new mission for psychology as a discipline that can be put to use for the
betterment of society and, in particular, its educational system. Below we reconstruct
major tenets of this approach (especially its deep-seated grounding assumptions; cf.
Stetsenko, 2004, 20035; Stetsenko & Arievitch, 2004), while also drawing comparisons
to two other seminal theories of human development of the 20th century—those by
Jean Piaget and John Dewey. Our central goal in this section is to draw attention to
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Vygotsky’s unique conceptualization of mind and knowledge as stemming from, par-
ticipating in, and embodying collaborative social practices, contingent on mediation by
cultural tools and, therefore, as encompassing dimensions of knowing and doing in one
inseparable blend.

Cultural-historical theory can be characterized by its central claim that human
psychological processes develop as a result of continuous interactions (or engagements)
of individuals with their social world—the world of people who do things with and for
each other, who learn from each other and use experiences of previous generations to
meet successfully the continuously changing demands of life. In this sense, at the level
of its broad grounding assumptions, cultural-historical theory replaces the metaphor
of separation and dualism (typical of the mechanistic worldview) with the dynamical
metaphor of the person—world mutual co-construction, coevolution, continuous dia-
logue, and participation—all underscoring relatedness and interconnectedness, blend-
ing and meshing, in one word, the “coming together” of individuals and their world that
transcends the split between them. In this logic, development and learning are not seen
as products of solitary individuals endowed with internal machinery of cognitive skills
that only await the right conditions to unfold. Instead, they are seen as existing in the
flux of individuals relating to their world, driven by these relations and their unfolding
logic and, therefore, as not being constrained by any rigidly imposed, preprogrammed
scripts or rules.

The focus on interactions with the environment marks the Vygotskian approach,
as well as those of Piaget and Dewey, by a transactional, relational, dynamical, and
contextualized mode of thinking about human development (cf. Stetsenko & Arievitch,
2004; Vianna & Stetsenko, 2006), and entails at least two important implications.
First, all three theories place human action, understood as a process that relates and
links individuals with their world, at the foundation of analysis. The growth of human
action in its increasingly complex transformations, and as something that takes place
between human beings and their world, and not just “in the head,” is considered by all
three scholars to be the origin of psychological processes. These processes appear to be
part and parcel of ongoing activities that individuals perform in life, positing no split
between action and knowledge. Therefore, for Vygotsky, Piaget, and Dewey, the mind
is not a container that stores memories and knowledge, but is instead a dynamic sys-
tem formed and expressed in actions. Because development is a contextually embedded
process of interactions with the world, it is understood as being not preprogrammed;
innate, blueprinted mechanisms are by definition inappropriate for tackling the tasks
imposed by an emergent, constantly changing reality of humans acting in contexts. It
is here that all three scholars stand in opposition to strictly nativist (i.e., Chomsky) and
one-sidedly mentalist (i.e., many in the mainstream cognitive approaches) frameworks.

Second, all action-centered theories implicate growth through increasing elaborate-
ness of actions and therefore concern themselves with the issues of learning and develop-
ment (although much more directly in Vygotsky’s and Dewey’s than in Piaget’s works).
Here, all three scholars again converge, in that they imply that children learn by doing,
that is, through acting in and on the environment. This view places Vygotsky, Piaget,
and Dewey in clear opposition to traditional views on mind as a passive container of
knowledge, on teaching as transmission of knowledge, and on learning as a process of
acquiring fixed facts and rules that are thought to exist independently of human activ-

ity.
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However, the Vygotskian approach is marked by a much stronger (compared to
Piaget and Dewey) emphasis not simply on individuals acting in the world and exploring
or experiencing it, but instead on shared, collaborative activities (or practices) as the core
reality in which and through which development and learning take place and operate,
and from which they stem. Human development is understood as grounded in such col-
laborative (i.e., social and communal) activities because they represent a unique relation
of humans to the world determinant of their emergence as species in phylogeny, their
development in ontogeny, and their cultural-historical evolution as a human civiliza-
tion. Importantly, these collaborative practices serve the goals of transforming the world
(instead of adapting to it, as in the nonhuman world) and involve creating, accumulat-
ing, and passing on from generation to generation the collective experiences of engag-
ing with the world—meeting environmental demands, facing challenges, and solving
problems encountered in the course of such engagements. Each new generation—and, in
fact, each individual human being—Ilearns from these experiences, comes to use them as
their own “habits of mind,” and potentially contributes to collaborative experiences in
what is the ever-expanding, dynamic process of human cultural-historical practices or
cultural evolution (cf. the notion of “ratchet effect”; see Tomasello, 2000).

These collective experiences of engaging particular aspects of environment, solving
particular classes of problems, and making sense of events and phenomena in the world
become, in the course of human history, crystallized in what is termed “cultural tools”
or artifacts. Cultural tools, in other words, embody collective experiences—ways of
thinking and knowing, rules of conduct, templates of solving problems—discovered in
collective practices by previous generations of people and passed down to the next ones
in often abbreviated and symbolic forms (e.g., as in traffic signs that stand for and direct
the conduct of traffic participants). Organized in systematic ways, these tools together
comprise human culture—the unique dimension of human life that has to do with the
profoundly collaborative and collective (communal) character of how humans act in the
world in the sense of their fundamental interdependence and reliance on each other—
and rely on cultural artifacts that embody experiences of other people, including those
from previous generations. Cultural tools, as embodiments of collective experiences (or
collaboratively discovered ways of solving problems) can come about in various forms,
such as (1) material objects (e.g., items of kitchenware that crystallize specifically human
ways of eating; computers that represent lengthy history of technological discoveries
and afford complicated activities), (2) patterns of behavior specifically organized in
space and time (e.g., bedtime or meal rituals and other sets of rules for conduct), and
(3) concepts that stand for ways of knowing and thinking about various phenomena in
the world. Most often, however, cultural tools are combinations of elements of a dif-
ferent order, with human language being a multilevel combination of culturally evolved
arrangements of meanings, sounds, grammar, rules of communication, and so forth.

According to Vygotsky, learning to use such tools is not something that simply
helps the mind to develop; instead, this learning leads to and essentially gives rise to
specifically human (i.e., cultural) forms of psychological functioning—thinking, know-
ing, reasoning, arguing, remembering, feeling, self-regulating, perceiving, and so on
(Falcade & Strozzi, Chapter 22, this volume). Thus, in the case of learning the lan-
guage, this process calls into being—and in effect shapes and forms—new facets of the
learner’s mind, such as higher-order thinking, self-regulation and self-awareness. For
example, a child who learns the words to call for attention gets a powerful new tool for
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regulating first other people’s and then his or her own behavior and relations. Another
example is a child who learns to memorize events of the past by applying memory tools
(so-called mnemonic techniques) such as a storyline that helps to unite these events in
one coherent and meaningful overarching sequence, thus greatly enhancing capacities
for memory. By learning the cultural tool of storytelling, the child is thereby advancing
to more sophisticated—deliberate and efficient—Ilevels of his or her memory capacities
and overall cognitive functioning (for further examples, see Bodrova & Leong, 1995).
Thus, the structures and procedures of acting with cultural tools are turned into the
structures and procedures of the mind.

Closely related to the notion of cultural tools is the idea of cultural mediation of
psychological processes that conveys the following points. Human beings are not iso-
lated, lone agents who directly respond to their environment in immediate ways (i.e., in
spontaneous and “natural,” self-created ways, as in a stimulus-response schema adopted
in behaviorism); instead, human beings are social agents who act as participants in col-
laborative sociocultural practices—bound by the rules and norms of these practices, yet
also benefiting from their collective achievements, inventions, and means. Therefore,
specifically human (i.e., cultural) ways of dealing with and acting upon the world neces-
sarily build on and continue experiences of other people and entail employment of cul-
tural tools that mediate (i.e., “intervene” or become inserted) between individuals and
the relevant aspects of their environment, thereby shaping and affecting ways of inter-
acting with (responding to and acting in) this environment. Thus, the notion of cultural
mediation underscores the importance of social interactions, connections, bonds, and
filaments that determine the ways humans engage with the world; it also specifies the
concrete mechanism—namely, the collaborative invention and employment of cultural
tools as intermediate devices of acting—that makes these interactions and filaments
possible and sustainable through the history of human society.

To summarize, the central notion of the cultural-historical theory is that people
develop through collaboratively transforming and creating their environment with the
help of cultural tools that unfold and cumulatively grow through history of human com-
munities, thus greatly expanding each community member’s capacities and horizons of
development. It is in these processes that people create and constantly transform their
very lives, thereby also changing themselves in fundamental ways and, through this
change, gaining self-knowledge and knowledge about the world. Importantly, cultural-
historical practices (or activities) are neither ancillary nor complementary to develop-
ment and learning. Instead, they are the very realm (or the very “matter” and fabric)
that these processes serve, stem from, belong to, and are carried out in, with no onto-
logical gap posited between people actively engaging their world on the one hand, and
their knowing, learning, and becoming on the other.

These broad ideas are reflected in all of Vygotsky’s major concepts. For example,
they are exemplified in his “general law” of development, according to which psycho-
logical processes (e.g., cognition, emotion, self-regulation, and motivation) emerge out
of social, collective activity (see Vygotsky, 2004, p. 83) and never completely break away
from this activity. They are also reflected in a particular emphasis on cultural tools that
runs as a common thread through all of Vygotsky’s and his followers’ works. These
ideas are also implicated in Vygotsky’s notion that teaching—learning leads development.
These processes take place in the “zone of proximal development,” where individuals
cooperate and are mutually involved in actively co-constructing their knowledge and
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identities and, thus, their very development. What these notions imply is no less than
a novel worldview on human development as a cultural-historical practice in which
individuals develop together—through participating in and contributing to collabora-
tive pursuits—and in which other people are intimately involved, including through
teaching each other and learning from each other, while drawing on and simultaneously
contributing to common experiences and human cultural-historical heritage.

These novel ideas about development and learning, as well as the notion of knowl-
edge in Vygotsky’s project, can be extended to bear, through a number of implications,
on the “theory versus practice” debate discussed in the previous chapter. In particular,
based on Vygotsky’s premises, and in view of collaborative activities mediated by cul-
tural tools being the core source and the very fabric of the mind, it can be stated that
knowing and acting are never separate; instead they belong together as they form inher-
ent aspects (or dimensions) of one and the same process of people collaboratively engag-
ing with their world. In this sense, to know something is not to have some inert facts
stored in the mind; instead, it is an ability of an intentional human being to carry out,
participate in, continue, and ultimately contribute to collaborative practices through
one’s actions. Therefore, knowledge (including its theoretical forms) does not merely
reflect the world. Instead, knowledge embodies templates of past practices at a given
point in history, and in a given sociocultural context, to represent these past practices in
symbolic forms amenable for further use in what essentially are continuously expanding
cycles of “practice—theory—practice.” In this sense, knowledge is an alive, generative,
and deeply historical process that is engendered by and itself engenders active engage-
ment in collaborative sociocultural practice. Knowledge appears then as a social process
rather than a mere product of solitary explorations—a dynamical phenomenon that
needs to be collaboratively performed and enacted rather than stored and then retrieved
from some inner individual space “in the mind”; that is, knowledge can be seen as a
social activity in the world because it always comes out of sociocultural transforma-
tive practices and always returns into them, serving as an important step in carrying
out these practices and having its grounding, its mode of existence, and its ultimate
relevance within these broader transformative practices. And in view of the radical reap-
praisal of the link between knowledge and action, theory and practice too appear as
intertwined—as arising from and giving rise to each other in one essentially inseparable
blend of a “theory—practice-theory” cycle.

Continuing Vygotsky’s Legacy

In this section, we discuss how Vygotsky’s ideas have been continued and expanded by
his followers, especially Galperin and Davydov, who helped to bring to life many of his
insights and creatively expanded on them. Importantly, they did so while working at
the interface of developmental theory and the practice of schooling. In particular, they
focused their efforts on exploring and conceptualizing the links among the processes of
teaching, learning, and development, while working in the midst of classroom practices,
actively shaping and transforming these practices and drawing theoretical implications
from these transformative engagements—thereby putting forth, with unusual clarity,
the message about theory and practice being intertwined. To create a wider context for
our argument, we first briefly discuss how the links among these three processes have
been approached in the history of psychology, then present the Vygotskian account.
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The relationship among the processes of teaching, learning, and development is not
a topic that has attracted much attention throughout the history of psychology. This his-
tory is characterized more by a shifting of attention from one to the other process rather
than focusing on how they depend on or influence each other. With some notable excep-
tions, such as the work of John Dewey and Lev S. Vygotsky, these relationships were
largely ignored in psychological theories through much of the last century. For example,
behaviorism had made learning its focal point (in terms of stimulus—response contingen-
cies), yet it never concerned itself with the issues of how learning could lead to develop-
ment of psychological processes and what teaching has to do with either one of these
processes. With the rise of cognitive psychology, learning ceased to attract attention
altogether (cf. Siegler, 2000; Stetsenko & Arievitch, 2002; Strauss, 1998), and research
focused instead on discovery of deep universal laws of mind that were presumed to
be practically independent from any external influences, including teaching and learn-
ing. Cognitive approaches primarily aimed, and continue to aim, at describing context-
independent processes (e.g., information-processing modules) common to all humans,
regardless of the culturally specific activities in which people engage. The issue of how
cognitive-developmental change comes about has been central in Jean Piaget’s “genetic
epistemology.” This theory can be credited with the discovery of important regularities
in how the human mind develops through the individual’s active engagement with the
world. However, this theory largely attributed children’s progress in developing cogni-
tive capacities, such as conceptual understanding and problem solving, to their own
independent experiences and explorations, irrespective of what children learn through
participating in cultural-historical collaborative practices, such as learning.

Thus, the question of how specific activities in which learners engage, and the cul-
tural tools that they are provided in classrooms, affect the development of their minds
has rarely been clearly formulated, let alone sufficiently explored. Today, teaching, learn-
ing, and development continue to be viewed by many as processes that are essentially
different from each other, or only superficially related. For example, despite growing
evidence that intelligence can be learned and taught (e.g., Perkins, 19935), there is little
debate about the mechanisms that could underlie and possibly link all three processes.

The reason why researchers concerned with teaching, learning, and development are
not finding common grounds on which their findings might be integrated, we believe,
has to do with a dearth of conceptual space in which the relationship between these
processes might be conceived and theorized (cf. Stetsenko & Arievitch, 2002). Indeed,
when learning is regarded only as the forming of links between stimuli and responses (as
in behaviorism), or when the developing mind is viewed as largely governed by internal
and for the most part innate regularities (as in many branches of cognitive psychology),
or when the impact of teaching on development is ignored (as in most of developmental
psychology), there is simply no room for the three processes to be conceptually brought
together and explored for their complementary effects.

However, it is precisely the exploration into the links among teaching, learning,
and development that became a pivotal element in cultural-historical theory of human
development and learning. Already Vygotsky’s own early works not only allowed for a
synthesis of teaching, learning, and development but they also actually actively called
for it. In particular, Vygotsky proposed that teaching—learning (with his original term
obuchenie connoting precisely the unity of teaching and learning) leads to development
because it allows children to learn to use cultural tools, thus participating in and poten-
tially contributing to evolving cultural-historical practices at the foundation of human
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development and society. Development was therefore seen as inherently linked to pro-
cesses of teaching and learning, with the three together comprising a threefold process
in which cultural tools are provided, learned, and transformed into the building blocks
of the mind, all within the ever-expanding cultural-historical practices that entail active
interaction and cooperation in the zone of proximal development.

To illustrate this with the memory example again: Teaching children to use cultural
tools and strategies for memorizing materials is the pathway for the children to develop,
through learning to apply these tools, the higher-order capacities in which these cul-
tural tools for memorization represent the key building blocks of the child’s mind. As a
result, the child’s new capacities associated with the newly acquired tools open up ways
for novel activities and more sophisticated social interactions—including learning ever
more complex tools introduced through teaching—within the conjoined and expanding
processes of teaching, learning, and development.

A wealth of further examples of how these theoretical ideas work in practice of
early education has been recently reported in Science (and widely disseminated; e.g.,
by the National Institute for Early Education Research [NIEER], 2007) from a study
by Diamond, Barnett, Thomas, and Munro (2007). This study examined the effects
of The Tools curriculum for preschoolers developed by Elena Bodrova and Deborah
Leong, based on Vygotsky’s insights into teaching, learning, and development. This cur-
riculum, used in several U.S. states, has been shown to improve psychological processes,
such as the self-regulation and cognitive control skills important for success in school
and life in at-risk preschoolers, without costly interventions but, rather, through intro-
ducing efficient cultural tools through teaching—learning practices.

In addition to the main tenets of Vygotsky’s theory that have been shown to be
efficient in early education, there is one more line of research carried out by Vygotsky’s
followers that is also of great potential, we believe, to serve the same purposes. In
particular, Vygotsky’s followers, most notably Galperin (1985) and Davydov (1990),
focused their efforts on specifying and further expanding Vygotsky’s ideas about the
relationship between teaching—learning and development. Their point of departure was
the notion that teaching—learning leads development; therefore, to better understand
the mechanisms of development, including cognitive growth, they turned to classroom
practices and began exploring how various methods of teaching and various curricular
materials—including those they endeavored to devise together with teachers—Ied to
differential learning and developmental outcomes (cf. Arievitch, 2003). Their mode of
research is notable in that it represents perhaps the first deliberate attempt to bridge
the gap between applied and basic research at the intersection of developmental theory
and education, by bringing together the goals of explanation, exploration, and trans-
formation. In particular, this research implemented the following sequence of steps,
encompassing these three goals in one research design termed “the formative study”:
(1) devising theoretically driven methods of teaching and cultural tools for learning as
the cornerstones of instruction (in line with Vygotsky’s theory); (2) implementing these
methods in naturalistic settings, such as classrooms; (3) testing, exploring, and docu-
menting whether and how these methods enhance learning and development to pro-
duce differential developmental outcomes to then (4) draw theoretical implications from
these instructional interventions for the theory of teaching, learning, and development
(as the centerpiece of developmental theory at large). Importantly, the last design com-
ponent was seen as the stepping-stone for devising new instructional practices for these
methods to again be tried out and tested in classrooms to further advance theory in one
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seamless theory—practice—theory cycle. Thus, this work essentially predated attempts
to bridge the gap between fundamental understanding (i.e., theory) and considerations
of use (i.e., application in practice)—much in line with the recent developments in and
recommendations for research in education including intervention studies and design
experiments (e.g., Cobb, 2005; Klahr, Chen, & Toth, 2001; Klahr & Li, 2005).

Based on the theoretical premise that teaching and learning lead development and
that cultural tools play indispensable role in this process, Galperin, Davydov, and their
coworkers (for an overview of this research extending through several decades, see Ari-
evitch & Haenen, 2005; Arievitch & Stetsenko, 2000) aspired to construct and design
curricular content in ways that would most efficiently facilitate the learning of cultural
tools by students, thus leading to better developmental outcomes. The solution they grad-
ually came to in their practical work in schools was to immerse students in meaningful
sociocultural practices whereby they could be introduced to efficient cultural tools for
addressing and solving problems they encountered while participating in these practices.
Importantly, they realized that cultural tools need to be introduced not as some separate
and self-sufficient devices (or pieces of information) but as practically valuable means to
solve various problems inherent in particular sociocultural practices—as these means
have been discovered and gradually elaborated upon in the course of human history. In
other words, the central breakthrough in this research had to do with the realization
that students come to develop knowledge and psychological processes through learning
by immersion in sociocultural practices in which the cultural tools can be revealed, in
the course of instruction, as meaningful components serving the purposes of solving
problems encountered in human practices.

One illustrative example is the program developed by these scholars for elementary
mathematics, which dramatically differs from traditional teaching of this subject (for a
detailed description, see Arievitch & Stetsenko, 2000). The traditional teaching is typi-
cally based on learning numbers that are introduced through discrete objects (one apple,
two cups, etc.) that students explore through hands-on manipulation, then directly apply
to counting tasks. In contrast, Galperin’s and Davydov’s approach is based on systemati-
cally introducing children to the meaningful practice of measurement as the core activity
in which numbers emerge and make sense as its tools. As children master measurement
(i.e., by exploring how various objects can be compared and assessed through this opera-
tion), they discover the need to keep track of results of their activities in some form, at
which point the teachers introduce the concept of number and help children use it as an
analytical tool with which they can record the relations between objects of measure-
ments (i.e., A greater or smaller than B by certain amount X, A equal to B, etc.).

Children are introduced to the concept of number as a stand-in for relations between
objects that are revealed through the practice of measurement. In other words, the con-
cept of number is taught through introducing children to the genuine practice from
which this concept has emerged, and which it continues to serve. In this approach, then,
to learn the concept of number is not reduced to learning to count discrete objects or to
learning the words for various numbers. Instead, the concept of number is introduced
as a way to solve problems that the learners face while carrying out tangible and mean-
ingful activities—in this case, activities of quantitative comparisons and other types of
measurement. In this way, students come to understand numbers from the viewpoint of
how numbers serve as tools in solving practical problems within meaningful practices
rather than as abstract symbols; therefore, they also come to see how this knowledge
can be put to use in their own practice.
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One related, and equally important, finding from this line of research is that knowl-
edge (including concepts) needs to be introduced to students not only as a tool that has
emerged and makes sense within certain practice (i.e., as part and parcel of a meaning-
ful activity) but also as itself representing the ways of carrying out various activities;
that is, knowledge and concepts need to be taught in ways that reveal how they stand
for certain ways of doing things and represent abbreviated embodiments of activity
(templates for action) that entail knowledge of how to act within certain problem areas.
A revealing example is teaching about the geometrical notion of circle. The traditional
teaching might involve learning how circles differ from other figures and also memo-
rizing relevant verbal definitions (i.e., circles are shapes comprising those points in a
plane that are at a constant distance, called the “radius,” from a fixed point, called the
“center”). However, this verbal definition is quite complicated and difficult to memo-
rize, especially for younger learners. An alternative to this traditional teaching is based
on a definition of a circle as “a figure described by the rotation of a line with one end
free [moving] and the other fixed” (quoted in Davydov, 1990, p. 251). This description
precisely lays bare the construction and method of operation of the pair of compasses
that allows the learners to grasp major regularities of circles (e.g., the constancy of the
radius) based on understanding actions that make circles possible—that is, to under-
stand the notion of a circle in a tangible and practical way. Learning the concept of a
circle based on this definition dispenses with the need for anyone learning geometry to
memorize a ready-made fact that does not, by itself, make much sense.

Importantly, in Davydov’s (1990) approach, rendering concepts meaningful through
revealing activities and practices “hidden” behind them makes learning tangible and
practical, and at the same time truly “theoretical.” Specifically, this kind of learning
was shown to allow students to (1) grasp the often ostensibly abstract, utmost theoreti-
cal generalities within a given subject domain through (2) understanding how various
components of knowledge “are made” and “come to be” as tools in human practices,
and therefore simultaneously (3) grasping how this knowledge can be applied in prac-
tice. That is, viewing knowledge as a form of practice in this approach did not entail
trivializing knowledge as merely hands-on manipulation of objects; instead, this view
brought about a focus on practical relevance and origins of concepts as a way to reveal
their most general (i.e., theoretical) regularities and features. Understanding concepts
in this “theoretical” way in turn entailed knowing the utmost practical ways of dealing
with issues and phenomena, and solving problems involving them. Thus, theory was
seen not as a separate way of knowing, superior to practice, but as a form of practice
that encapsulates the most efficient ways of acting and doing. Therefore, this approach
highlighted how truly porous the boundary between the practical and theoretical types
of knowing are and opened up ways to move beyond portraying them as incompatible
modes that exist in opposition to each other.

In addition, this approach sought to move beyond the opposition between tradi-
tional forms of instruction, characterized by unidirectional transmission of facts and
rules on the one hand, and Piagetian constructivist approaches that emphasize chil-
dren’s independent construction of knowledge, without direct instruction, on the other.
In place of this opposition, this approach employed teaching models that introduced
knowledge through instruction, not in a passive form but through active participation
in various practices. In this type of instruction, knowledge and various cultural tools,
while being introduced by teachers, had to be actively reconstructed (or reenacted) by
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each student in her or his own activity. The active appropriation (or creative recon-
struction) of cultural tools was the linchpin of Galperin’s and Davydov’s approach, with
this notion essentially bridging the gap between direct instruction (entailing provision
of cultural tools) and independent discovery (entailing learners’ active reconstruction of
these tools). Thus, this ground-breaking approach potentially opened ways for effectively
synthesizing top-down (teacher-centered) and bottom-up (child-centered) approaches
by fostering active participation of children in the construction of knowledge through
exploration and inquiry into established sociocultural practices and relevant cultural
tools introduced by teachers.

Finally, this practical research in classroom contexts served as important fodder for
further development of theoretical ideas and premises. For example, the notion of cul-
tural tools became refined and elaborated through this research. In particular, because
cultural tools were shown to be most efficiently appropriated by learners through act-
ing upon and with them, the very notion of cultural tools was redefined as representing
and embodying specifically human ways of acting (including doing and knowing) rather
than as merely static “things” (for details, see Stetsenko, 1999). Another theoretically
significant outcome of this work was that to be a leading force in development, the pro-
cess of teaching and learning needs to integrate high-quality cultural tools that embody
the most efficient ways of solving problems. Thus, in this approach, theory building
was integral to the work of devising curricular materials and implementing them in
classroom practices, while this work in turn was integral to theory building, with no
gap between these two complementary facets within a unified endeavor of engaging the
world and solving problems encountered in the course of such engagements.

Conclusions: Implications for Developmental Psychology and Education

The Vygotskian approach integrates the analysis of teaching—learning and development
by (1) conceptualizing all three as historically evolving cultural practices grounded in
collaborative endeavors by human communities to which all individual human beings
have an important contribution to make, and (2) capitalizing on an element that is
central to all three of these processes. This element concerns activities mediated by the
cultural tools provided by teachers and learned by students, thereby allowing students
to transform these tools into powerful new instruments of their minds that can be put
to use in further expanding these collaborative endeavors. These new instruments insti-
gate development and bring it in motion, in the full sense, as they empower learners to
become active participants in and potential contributors to cultural-historical practices
and, therefore, to be engaged and motivated explorers and thinkers. In this sense, the
Vygotskian approach fills the gaps so typical of previous frameworks in both psychol-
ogy and education, in which teaching, learning, and development are viewed as discon-
nected.

In contrast to traditional theories, which often ignore how development is con-
tingent on teaching and learning practices, thus confusing developmental outcomes
achieved within particular educational systems with universal developmental regulari-
ties, the Vygotskian approach draws attention to a self-perpetuating “vicious circle,”
namely, inadequate theories of development — poor educational practices — poor
development outcomes — inadequate theories of development. For example, many tra-
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ditional theories posit that young children lack the ability to reason in a reflective way
with abstract categories. Given this view, many educators think that children need to
be taught in a fashion that best accommodates this allegedly fixed, age-related feature
of their thinking capacities. Thus, traditional instruction typically includes the require-
ment to teach young children in a “piecemeal” fashion, whereby they are exposed to
small bits of information supported by concrete illustrative examples, with no attempt
to reveal the general rules and connections that lie behind these examples. As a result,
children indeed do not develop the ability to operate with abstract (i.e., generalized, sys-
tematic) concepts. In contrast, research findings by Vygotsky and his colleagues demon-
strate that when knowledge is taught as tools that stem from meaningful practices and
can be used in solving practical tasks, as described earlier, there are spectacular develop-
mental changes, including progress in abstract reflective thinking, self-regulation, and
cognitive control (for further examples, see Arievitch & Stetsenko, 2000; Bodrova &
Leong, 1995; Diamond et al., 2007; Karpov & Haywood, 1998). In this sense, then, the
traditional instructional restrictions thought to be grounded in inherent limitations of
children’s minds in fact themselves produce these limitations!

Furthermore, a cultural-historical approach gives an instructive, albeit counterin-
tuitive, answer to what is perhaps the most pressing issue concerning education today:
Is direct instruction or is independent discovery a better model for schools? From a
Vygotskian perspective, the very dichotomy between these two models is misguided. In
place of this dichotomy, the demarcating line needs to be drawn between inert knowl-
edge (cf. Vosniadou, Chapter 24, this volume) and learning on the one hand, and ge#n-
erative knowledge on the other. Emphasis on inert knowledge—whether gained through
“hands-on” and vivid but too often fortuitous and unsystematic experiences or through
direct instruction that follows a transmission, “top-down” model in which the learners
are passive—is what stymies learning and development. Unlike inert facts and knowl-
edge, generative knowledge that embodies historically evolved cultural practices, and
serves as its instrument, empowers children with methods for expansively continuing
these practices and for constructing new knowledge. Therefore, it is also this kind of
knowledge that can be actively used by learners in the cycles of exploration and dis-
covery within cultural-historical practices. Arguably, there is nothing more practical
than such knowledge, especially in the 21st century, which is increasing likely to value
innovation, expansion, and creativity.

In summary, the Vygotskian approach, while predicated on highly abstract, theo-
retical premises, such as the notion of mediation by cultural tools and the leading role
of teaching and learning in development, is at the same time a very practical guide for
acting. In particular, this approach makes imperative research that is grounded and
carried out in the form of transformative work in classrooms empowering students to
learn, with this research serving as the vehicle to further develop and expand theoreti-
cal ideas about cultural mediation. The very theory that teaching—learning leads devel-
opment (based in broad ideas about human development) compelled the scholars in
Vygotsky’s tradition to turn to practical organization of classroom practices to explore
cultural mediation through understanding how it works. We would argue, therefore,
that cultural-historical theory represents a key development in research on teaching,
learning, and development at the interface of theory and practice. Ultimately, it is in
this sense that this theory is a contribution simultaneously to fundamental knowledge
in developmental psychology and to classroom practices—one powerful and instructive
exemplar of how the gap between the two can be bridged.
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BRAIN FUNCTIONING AND LEARNING

growing body of neuroscience research about the developing brain offers

new possibilities for understanding and supporting student learning during
the school years. Fusaro and Nelson (Chapter 4) present an overview of the
neurobiology of brain development, and of the points of connection between
neuroscience and education, using language accessible to educators. They begin
with general principles of brain development during the prenatal period and the
first years of life. Then they introduce the concept of neural plasticity, drawing
on the twin themes of experience-expectant and experience-dependent plas-
ticity. One of the important take-home points to be gleaned from this review
is how experience, particularly experience at school, weaves its way into the
structure of the brain, particularly during sensitive periods of development.
In addition the discussion demonstrates and underscores the contribution of
the neurosciences to understanding important phenomena for schooling. These
phenomena include control of attention and behavior, reading, and mathemat-
ics. They describe what happens in the brain as children use skills in each of
these areas, and how these processes change as a result of experience, practice,
and maturation.

Bauer (Chapter 5) points out how learning and memory are inextricably
linked to one another. At the same time, memory processes themselves seem to
shape and impact learning and performance. Bauer places the study of learning
in the context of recent developments in our understanding of the neurobiology
of memory. Of special note is the postencoding process of consolidation, and
the complementary process of reconsolidation. These processes involve active
changes that occur in the brain and influence what is retained after the pro-
cesses of teaching and learning have ceased. The implications of these post-
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encoding processes for learning and performance are considered, as are devel-
opmental changes in the processes and how they might relate to age-associated
differences in learning.

Children who learn by employing specific mnemonic strategies retain infor-
mation much better than children who do not rely on strategies. But how do
children acquire these strategies? This issue is taken up by Ornstein, Coffman,
and Grammer (Chapter 6), who review basic memory research and address the
question of whether and how adults, such as parents and teachers, contribute
to the development of children’s use of strategies to remember what they are
taught. This work points to the important role of dialogue between adults
and children around shared events in children’s development of strategies to
remember the details surrounding those shared events. They also pinpoint the
behaviors that differentiate between teachers whose students learn to employ
effective mnemonic strategies and teachers whose students do not develop and
employ such strategies.

The wide use and acceptance of the concept of intelligence in common par-
lance conceal the sometimes contentious debate about what intelligence really
is. Bornstein (Chapter 7) reviews in detail the long-standing debate on the
nature and assessment of intelligence. The arguments are clearly laid out and
presented in a fair and balanced manner. Bornstein concludes that intelligence
comprises multiple domains, and that efforts to rank-order or categorize chil-
dren on the basis of a single global or general intelligence factor is misplaced.
This may lead to possible errors of classification, sometimes with dire conse-
quences for children. Bornstein points out how prominent theories contrast the
nature and structure of intelligence and its development. This chapter briefly
reviews the ways specific and general intelligences can be viewed. The structure
of children’s minds before they are enrolled in formal education is best under-
stood in terms of a single general intelligence factor that is complemented by
several specific and relatively independent faculties. Bornstein reports on prom-
inent patterns of individual differences supporting the view that early child
intelligence has both general and domain-specific manifestations organized in
a hierarchical structure.
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arly childhood educators and those specializing in early intervention have come to

recognize the importance of human brain plasticity for educational practice. For
example, early speech and language intervention programs operate under the general
principle that the developing system is particularly malleable in its first years (National
Research Council and Institute of Medicine, 2000). This early malleability justifies
efforts to provide support for very young children facing various risks to keep develop-
mental trajectories on a normative track. Although less public attention has been placed
on brain changes between 3 and 8 years of age, this period of early to middle child-
hood continues to be vitally important for brain development. It is not the case that the
brain stops changing after age 3. Indeed, for education to take root, changes in brain
anatomy, chemistry, physiology, and function need to occur over many years.

There is strong agreement across disciplines that learning occurs as a person inter-
acts with the environment. For example, students learn by manipulating educational
materials (both physical and abstract), engaging in literacy-based activities, and inter-
acting with adults and peers. Teachers foster learning by providing experiences that
are seen as beneficial, or optimal, for the young student. The complementary goal of
many developmental neuroscientists is to understand how biological and environmental
factors interact in typical and atypical development. The distinction between scientist
and educator, though, is not simply a matter of emphasis on research versus practice.
Instead, educators face a weighty challenge of making explicit the larger purpose of edu-
cation: What student characteristics or behaviors should we promote, and which should
we aim to reduce? What subject matter is worth learning? On these culturally embedded
matters, the neuroscientist remains relatively silent.
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Developmental neuroscience can help to explain changes in children’s behavior and
skills, which are simultaneously shaped by maturation and experience. To review this
knowledge base, we begin with a brief overview of early brain development, describ-
ing those developmental processes that become active during the prenatal period and
several of which continue in postnatal life. Findings from animal and human stud-
ies are combined, as similar, largely gene-driven developmental processes take place
across species to form the basic architecture of the brain. We then discuss two related
concepts, experience-expectant plasticity and experience-dependent plasticity, and their
relation to education’s requirement of effortful learning. These sections help to clarify
the time course of brain development and the role of experience during the childhood
years. These general principles also provide important background for the reader as
we go on to review current research on the development of executive function (atten-
tion and behavioral inhibition), literacy, and numeracy during early to mid-childhood.!
Throughout the chapter, we draw connections to educational practice and, as needed,
describe how future research is needed to clarify outstanding questions.

Overview of Brain Development

The earliest stages of brain development are largely gene-driven; that is, the formation
of brain cells and the laying down of the basic architecture of the brain are processes set
in motion by genetic events that are common across humans and many other species.
Even with this strong role for biology, the developing embryo is always susceptible to
environmental factors, such as the well-known toxic effects of alcohol overconsumption
during pregnancy. Here, and in Table 4.1, we focus on the processes involved in building
the brain’s basic structure under normative conditions (for review, see Nelson, Thomas,
& de Haan, 2006; Stiles, 2008).

Within a week or two of conception, the human brain begins to form. Once the
zygote has formed its three layers of tissue (endoderm, mesoderm, and ectoderm), the
outer (ectodermal) layer begins to undergo a transformation. Cells in the ectodermal
layer multiply, and the tissue thickens to form a pear-shaped neural plate. By day 24
(week 4), the neural plate buckles and folds in onto itself (zeurulation), creating the
neural tube. The tube closes first at the bottom end, then a few days later at the top
end. The top end will come to form the brain itself, whereas the tail (caudal) end of
the tube becomes the spinal cord. Once the neural tube has formed, cell division con-
tinues at a rapid pace, quickly leading to the formation of three vesicles (fluid-filled
sacs). The topmost vesicle, referred to as the forebrain, will give rise to the telencepha-
lon (cerebral hemispheres) and the diencephalon (thalamus and hypothalamus). The
middle vesicle gives rise to the midbrain (pons, medulla), and the caudalmost vesicle to
the hindbrain (brain stem). These three structures are formed by the end of the sixth
prenatal week.

Initially, relatively few stem cells populate these structures. However, these cells
soon begin to proliferate at an astounding rate. This process of neurogenesis yields many
more cells than will eventually survive to support the organism. Roughly 40-60% of
all neurons that are initially produced will be pruned back around the time of birth, a
largely gene-driven process referred to as “apoptosis.”
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TABLE 4.1. Time Line of Early Brain Development

Weeks postconception Developmental process

1to2 Initial formation of neural plate

3to4 Formation of neural tube

6 Development of three, fluid-filled vesicles
7 to birth? Neurogenesis (proliferation of neurons)

7 to 8 weeks to Sth-7th prenatal month  Construction of the cerebral cortex via cell migration

23 to first months of life Differentiation of cells; synapse formation;
beginning of myelination

Period Developmental events occurring after birth

Birth through midadolescence; Competitive elimination of synapses

completion timing varies

Primarily early childhood Myelination (insulation) of short and long-distance
through late adolescence connections

2An exception is that in the olfactory bulb and dentate gyrus of the hippocampus, new neurons continue to
be born into at least middle age.

Once the brain has obtained an initial number of immature neurons, the construc-
tion of the cerebral cortex begins, generally around the seventh to eighth week after
conception. In humans, the cerebral cortex is a thin (2—4 mm) sheet of cells that makes
up the outermost layers of the brain. The actual surface area of the cortex is larger than
one might expect because the tissue is folded in the characteristic pattern of bulges and
wrinkles depicted in most images of the brain. In humans, the cortex has six discernable
layers of cells, which are constructed by waves of migrating neurons that move from
their initial position in the brain (generally the ventricular zone) until they reach their
final destination. These cells migrate in an inside-out direction: thus, a deep, initial layer
of cells is formed (layer 6), followed by the formation of the next layer (layer 5), and then
the next (layer 4), until finally all six layers of the cortex are complete, generally by the
fifth or sixth prenatal month.

Once a neuron has migrated to its final destination, it begins the process of dif-
ferentiation. Here the cell body forms, along with cellular processes, or outgrowths,
known as axons and dendrites. Once differentiation has occurred, the next monumental
event can begin: the formation of synapses (synaptogenesis). Synapses are the point of
contact between two neurons, allowing signals to travel from one cell to the next. Con-
nections generally (although not always) form between dendrites and axons. Neurons
will eventually form multiple connections, becoming organized into networks that sup-
port the many functions of the brain. The first synapses generally appear by about the
23rd prenatal week and increase rapidly through the end of gestation and into the first
postnatal year. In the visual cortex, for example, the peak of overproduction occurs
around the third or fourth postnatal month. In the prefrontal cortex (the seat of all
higher cognitive functions and emotion regulation) the peak does not occur until about
the 12th postnatal month.

Postnatally the next phase of brain development commences: the competitive elimi-
nation of synapses. As a rule, synapses that do not receive appropriate coordinated
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signals from incoming neurons are eliminated. The timing of synaptic pruning varies
across brain regions. For example, in the parts of the cortex involved with visual and
auditory perception, pruning ends by approximately the fourth to sixth year of life. In
contrast, in areas involved with higher cognitive functions (the prefrontal cortex), syn-
aptic pruning continues through midadolescence (Huttenlocher & Dabholkar, 1997).

The initial overproduction of synapses, hand in hand with the selective pruning of
connections, is adaptive for the developing organism. This flexibility in the specification
of connections allows the organism to adapt to its unique environment by maintaining
those synapses that prove useful, that is, those that receive incoming chemical signals
that help the connection to stabilize. In this way, networks of neurons can be fine-tuned
and changed as needed.

One final developmental and anatomical process involving cell communication is
referred to as “myelination.” Myelin is a fat-based substance that coats axons, essen-
tially insulating them. Myelinated axons transmit electrical signals more rapidly than
do nonmyelinated axons (for discussion, see Webb, Monk, & Nelson, 2001). This devel-
opmental process also occurs over an extended period and is subject to a nonuniform
time course. Axons in some regions of the brain, such as sensory and motor areas, are
myelinated earlier than others, such as those subserving higher cognitive abilities (Gib-
son & Petersen, 1991). Myelination in the sensory and motor areas is complete by the
preschool period. In contrast, myelination in the prefrontal cortex is not complete until
late adolescence or early adulthood (for recent reviews, see Nelson et al., 2006; Nelson
& Jeste, 2008).

Brain Development during the Elementary School Years

Unfortunately, much of what is known about brain development is constrained to
the prenatal and immediate postnatal period, and the adolescent period. Very little is
known about the elementary school years, in part because of the challenges involved
with studying this age group. We do know that by the time a child enters kindergarten,
the basic architecture of the brain has been established, and that sensory and percep-
tual functions are adult-like. Structurally, regions within the medial temporal lobe con-
cerned with memory (e.g., hippocampus) and emotion (e.g., amygdala) are also adult-
like, although, functionally, declarative memory continues to develop through age 9-10
years. However, a rather dramatic physiological change occurs during the elementary
school years, namely, a change in the overall ratio of gray matter volume (cell bodies) to
white matter volume (primarily myelinated axons); that is, there is an increase in gray
matter, which is followed, into the adolescent years, by a decrease in gray matter and an
increase in white matter. This means that long-distance myelinated connections appear
to be developing during childhood, permitting one region of the brain to communicate
within another more efficiently. These changes are subtle at first, but they increase rap-
idly during the adolescent years. Perhaps the classic example is the relation between the
“amygdala”—the seat of emotion and emotional experience—and the prefrontal cortex,
the region of the brain that controls and oversees emotion, and behavior regulation gen-
erally. Although this example is suggestive of a brain-based explanation for the devel-
opment of emotion regulation, the relationship between changes in neural connectivity
and changes in behavior are currently poorly understood.
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Summary

In general, brain development begins a few weeks after conception and is complete by
late adolescence or early adulthood. The structure of the brain is laid down primar-
ily during the prenatal period and childhood, whereas the formation and refinement
of neural networks continue over the longer term. The brain’s many functions do not
develop at the same time. Basic sensation and perception systems are fully developed
by the time children enter kindergarten. By that age, the brain structures involved in
memory and emotion are also adult-like, but functionally, memory continues to develop
through approximately age 10. Finally, the formation of neural networks, which begins
before birth, continues throughout life.

It is misleading to think that by the end of the early childhood years, or even the
teen years, the brain is fully formed: Quite the contrary, the human brain continues to
change across much of the lifespan, particularly in the domains of learning and mem-
ory. Prenatal changes in the brain are primarily gene-driven and progress in a relatively
predictable sequence. In contrast, much of the change that occurs in the brain postna-
tally is heavily dependent on experience. The notion of experience-induced changes in
brain function is generally referred to as “plasticity” and is the topic to which we next
direct our attention.

Experience-Expectant and Experience-Dependent Plasticity

William Greenough and colleagues (for reviews, see Black, Jones, Nelson, & Greenough,
1998; Greenough, Black, & Wallace, 1987) have discussed two types of experience-
induced changes in brain function: experience-expectant and experience-dependent
changes. The former refers to experience-induced changes in the brain that are common
to all members of the species and that typically occur during a sensitive period of devel-
opment. For example, our ability to use our two eyes to derive information about depth
(“binocular depth perception”) requires access to patterned light information at a time
in development when synapses in the visual cortex are still malleable. In other words,
most infants have access to normal visual input that allows neural networks to become
organized to support visual depth perception. Based on our knowledge of synaptogen-
esis (reviewed earlier), this sensitive period ends toward the end of the preschool period,
when adult numbers of synapses in the visual cortex are present. Thus, for a child to
obtain normal binocular vision requires access to a normal visual world by the time a
child is 4-5 years old. It is for this reason that visual disorders such as “strabismus” (i.e.,
cross-eyed) must be corrected before the end of the preschool period.

Other examples of experience-expectant development include speech and face pro-
cessing, and the formation of attachment relationships with caregivers. In all cases the
principle is the same: The genome simply codes for the development of a general circuit
that becomes specialized by exposure to experience during a particular period of time.
The assumption is that all members of the species are exposed to, and can thus expect
the same basic experiences (e.g., patterned light; speech input; interactions with adult
caregivers) at the same period of time. The young child picks up on regularities in the
environment to learn, for example, differentiated sounds in the language environment.
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Experience-dependent changes are unique to the individual and not subject to sen-
sitive periods. The classic example of this form of plasticity is learning and memory.
Barring damage to the brain from injury or disease, we are all capable of learning and
remembering new things throughout the entire lifespan. Exactly what we learn and
remember, however, depends on our unique experiences. Learning how to read and to
compute using symbols both capitalize on experience-dependent plasticity; assuming an
intact neural system, learning these skills depends on whether a child is exposed to and
internalizes these symbol systems. Unfortunately, given limits of spatial resolution of
current imaging technologies, it is not yet possible to look closely at children’s function-
ing neural networks before, during, and after learning a new skill. However, based on
existing knowledge, some of the mechanisms thought to underlie experience-dependent
plasticity include formation of new synapses, axon regrowth, formation of new den-
dritic spines, and an increase in capillaries (leading to increased blood flow to support
the functioning of neural networks). In all these ways, networks of neurons are shaped
by children’s learning experiences in and out of school.

Summary

In general, experience-expectant functions are those that (1) occur very early in the life
span and (2) are constrained to the establishment of the basic functional architecture of
the brain (e.g., basic sensory, perceptual, and emotional functions). For development of
these functions to proceed normally, children need access to the relevant environmental
input during sensitive periods. In contrast, experience-dependent development occurs
throughout the lifespan and is perhaps most relevant to education. Learning of academic
subject matter, for example, capitalizes on this form of plasticity, and individuals vary in
what they learn based on their unique experiences in school and other contexts.

Executive Functions

The period from age 3 to age 8 years is one of extraordinary development of “executive
functions” (EFs), or skills needed to control one’s thinking and behavior. These skills
include inhibiting behavior impulses, controlling attention, problem solving, changing
one’s behavior in flexible ways, planning, decision making, and maintaining informa-
tion in working memory (for further review, see Nelson et al., 2006). These effortful
processes in part comprise a “supervisory attention system” (Shallice, 1988)—a system
for inhibiting or overriding routine or reflexive behaviors in favor of more controlled
or situation-appropriate behaviors. Similarly, this system allows us to pay attention to
relevant information in the environment, while we inhibit irrelevant information. EFs
are important for success on schoolwork that requires higher-order thinking, focused
attention, and manipulation of multiple pieces of information in memory. Posner and
Rothbart (2007) argue that EF skills, as measured in laboratory settings, are associ-
ated closely with the self-control processes that facilitate good learning behaviors in
the classroom. Here we focus on the protracted development of attention control and
behavior regulation as two executive functions that are particularly relevant for school-
based learning.
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Right Left

FIGURE 4.1. Primary brain regions within the frontal cortex that are activated during executive
function tasks. A, orbitofrontal cortex; B, dorsolateral prefrontal cortex; C, ventrolateral prefrontal
cortex. Not shown: ventromedial prefrontal cortex, deeper in the folds beneath area C.

The vast majority of EFs are supported by a distributed network of structures in
the prefrontal cortex, toward the front of the brain (see Figure 4.1). These skills are
still emerging during the early school years and do not reach their highest level until
middle to late adolescence, the end of the long period of prefrontal cortex development,
when myelination and synapse formation have also obtained adult levels in this region.
Advancement in EFs may arise from the physiological development of prefrontal cortex,
as well as the developing integration of this region with other parts of the brain that
provide input and feedback to it. Presumably, interactions with the environment shape
these developmental processes, though more research is needed to understand precisely
how experience weaves its way into the systems underlying executive processing skills.

Behavioral Inhibition

Behavioral inhibition, an important example of an EF, may be of particular interest to
educators of young children. Difficulties with it can explain, for example, young chil-
dren’s limitations in delaying gratification and waiting their turn for a desirable object.
Inhibitory skills are also required for games like Simon Says, in which children must
hold back from carrying out an action (e.g., touch your head) in the minority of cases,
when the leader does not say “Simon says” before modeling the action. In that game,
the dominant response is to mimic the modeled action. Relative immaturity of prefron-
tal brain networks may be associated with behaviors that fail to suppress dominant
responses and to demonstrate self-control. Although the urge to reach for an object of
desire may be strong throughout life, and may vary in intensity depending on the con-
text, the period from approximately age 3—6 years is one in which children can increas-
ingly inhibit dominant responses and carry out more appropriate behaviors.

Behavior inhibition can be systematically tested in a laboratory setting using a “go/
no-go” paradigm. In this task, participants press a button in response to every image
presented on a screen except one (e.g., all letters except X). Since most trials are “go”
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trials, a tendency is built up to respond every time a letter appears on the screen. Inhibi-
tory control is measured by the child’s ability to refrain from responding on “no-go”
trials. This form of self-control increases across the preschool- and school-age years
(e.g., Levin et al., 1991).

Adults and school-age children differ in the patterns of brain activity elicited by the
go/no-go task. Imaging studies measure changes in blood flow throughout the brain to
identify the neural structures that show heightened activation during a task. Research-
ers have found that adults experience signal increases in ventral prefrontal cortex (PFC)
during no-go trials—periods high in inhibitory demand—and lower levels during go
trials, when there is no need to inhibit button pressing (Casey et al., 1997, 2001; Koni-
shi et al., 1999). Children show reduced signal levels compared to adults in the ventral
PFC but increased activity in adjacent brain areas (ventrolateral PFC) with increasing
inhibitory demands (Bunge, Dudukovic, Thomason, Vaidya, & Gabrieli, 2002; Dur-
ston, Thomas, & Yang, 2002). Brain structures beyond the prefrontal cortex, such as
the basal ganglia, are also recruited for response inhibition (e.g., Luna et al., 2001).
This may especially be the case for children (Bunge et al., 2002; Casey et al., 1997;
Durston et al., 2002). In other words, children seem to recruit a more widespread net-
work of neurons to inhibit an action, whereas adults use a more restricted, presumably
efficient network of neurons. This pattern of change has also been found in one lon-
gitudinal study of go/no-go activation, with children at 11 years of age showing more
focal activation than they did on the same task at age 9 (Durston et al., 2006). These
developmental changes may help us to understand why students in the early grades,
compared to older ones, have particular difficulty inhibiting their behavior—waiting
for one’s name to be called, for example, when the dominant response is to “go” line
up at the door for art class.

Control of Attention

To perform virtually any effortful academic task, a student must be able to focus atten-
tion on it, which requires control of attention resources. The notion of a “searchlight of
attention” at the brain level (Crick, 1984) is often used to describe the narrowing of the
focus of one’s attention, and suppression of interference or conflict from other, irrelevant
information. A simple assessment of this executive function is the Eriksen flanker task.
Participants are shown a series of arrows (e.g., ¢ ¢ ¢— ¢ <= or <= <~ — < <) and are
asked to press a button to indicate the direction of the center arrow. Doing so requires
focusing attention on the central item, while ignoring the direction of the nearby (i.e.,
flanking) arrows, which, for this task, are irrelevant and misleading when they face the
opposite direction. This and other tasks that require focusing attention and managing
cognitive conflict recruit the anterior cingulate gyrus and the left PFC (Fan, Flombaum,
McCandliss, Thomas, & Posner, 2003). Higher conflict levels, that is, trials in which the
nearby arrows face the wrong direction, are associated with greater levels of activation
in these frontal brain regions.

Child-friendly versions of this task have been used to test attention control among
younger children. For instance, the arrows can be replaced with colorful pictures of fish;
children indicate with a button press in which direction the center fish is swimming.
Overall, children respond more slowly and make more mistakes than do adults. Rueda,
Posner, Rothbart, and Davis-Stober (2004; Rueda, Fan, et al., 2004) found that perfor-
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mance on the child version of the task improves between ages 4 and 7 years, reflecting
development of the frontal brain regions important for success. Development of atten-
tion control skills during the school years leads to fewer errors even on the difficult tri-
als, when the flanking items are misleading.

These researchers are also examining whether and how to enhance the attention
control skills of young children using computer-based training (Rueda, Rothbart,
McCandliss, Saccamanno, & Posner, 2005). They tested 4- and 6-year-old children
before and after participation in an attention-training program, and compared their
performance to that of children in a control condition. The training involved five ses-
sions, lasting 45 minutes each, during which individual children played computer-based
games that required focused attention. Even though dose and duration of this training
were minimal, modest group differences were found in posttraining performance on
the child flanker task, and in patterns of brain activity associated with the task. Further
research is needed, however, to determine whether training effects from this program
were large enough to generalize to enhanced performance in school tasks. Importantly,
questions about the duration of effects are needed to understand whether this level of
training brings about long-term change.

Executive Function in School

The experimental tasks described earlier are each designed to isolate one or a small num-
ber of skills to study their development and brain basis systematically. In school, activi-
ties more often tap multiple executive processes, as well as students’ language, memory,
and other cognitive systems. For example, consider a student who notices that one of
her answers during a class spelling test is not quite accurate but cannot remember the
correct spelling. She may find it difficult to shift her attention away from the distracting
error and focus on the next words the teacher presents. Therefore, a student’s difficulties
with such an activity could stem from troubles with the content being assessed, or from
the attention demands required for good performance.

The protracted development of EF can help us understand children’s difficulties
with school activities that otherwise seem within their range of academic ability. Stud-
ies using a child version of the Wisconsin Card Sorting Task demonstrate this idea. In
this task, children first sort a set of cards by one salient feature, such as the color of
the pictured items (e.g., blue trucks and stars in one pile, and yellow trucks and stars
in another). Even 3-year-olds typically find this to be an easy “rule” for piling cards.
Indeed, in preschool to grade 2 mathematics, young students are expected to “sort,
classify, and order objects by size, number, and other properties” (Algebra standard;
National Council of Teachers of Mathematics, 2000). However, when a change is made
to the rule, requiring the cards to be sorted by an alternative feature, such as shape (e.g.,
trucks and stars, regardless of color), 3-year-olds tend to make many mistakes. Like
adults with damage to the dorsolateral PFC (Milner, 1963) young children tend to per-
severe in using the original sorting criterion (e.g., Frye, Zelazo, & Palfai, 1995). Though
they tend to pass this simple test, 4- to 5-year-olds’ performance falls apart once a third
sorting dimension (e.g., size: big and small) is added to the rule. Of course, the problem
is not due to misunderstanding the new rule. Young children who fail to switch to the
new sorting rule can often verbalize it accurately, revealing an intriguing distinction
between explicit knowledge of the instructions and behavioral success.
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Summary

During the early school years, children enjoy an improvement in attention control and in
the suppression of irrelevant information. They develop an increasing ability to inhibit
actions associated with one learned rule to guide behavior by another. They become
more flexible at modifying their actions in light of changes in instructions. They can
also increasingly juggle two or more pieces of information in working memory (e.g.,
color, shape, and size), facilitating performance on increasingly complex tasks. General
skills such as behavioral and attention control are needed for successful performance
in very many school contexts. Knowing that young children struggle in these areas,
teachers may be able to make better sense of children’s uneven performance in school;
that is, features of class activities that demand higher levels of executive control might
be obscuring young children’s mastery of the academic skills the assignments primarily
aim to assess. In their planning, teachers may find it helpful to consider the general cog-
nitive demands of a lesson, in addition to its content-specific requirements. That way,
the errors that students make might be more clearly identified as either a misunderstand-
ing of content or a general limitation in executive function.

Reading

During the primary school years, young students face a significant challenge in learning
to read. Literacy acquisition is an effortful and complex endeavor, and requires direct
instruction and practice. Spoken language, on the other hand, is relatively easy to learn
and does not typically require intentional teaching. Insights from neuroscience help us
understand this discrepancy in the difficulty of learning spoken versus written language
(for review, see Dehaene, 2004).

Over evolutionary time, humans have evolved brains that favor speech-relevant
sounds over nonlinguistic sounds from the environment. Very early in life, infants pay
more attention to the human voice than to other sounds. Provided that a child has an
intact sensory system and experiences a language environment that is within the normal
range, the brain becomes organized to carry out language processing efficiently. We do
not yet know whether the qualities of language input a child receives affect the brain’s
efficiency in processing language. Debate continues on defining what is “innate” ver-
sus “learned” in language. Nonetheless, the consensus is that certain brain networks,
primarily in the left hemisphere, become specialized to process language stimuli, from
the smallest units of sound (“phonemes”) to meaningful streams of words. This special-
ization is made possible by experience with the sounds of language and communica-
tive interactions with other language users. Assuming intact cognitive starting points,
children will typically comprehend and produce vocal speech in the early years of life.
Similarly, deaf children typically acquire fluent signed speech when raised in the context
of adequate input from, and communicative interaction with, skilled signers. Therefore,
learning to speak or sign is relatively easy for the human brain using these early emerg-
ing skills of perceiving and processing verbal or signed language.

In contrast to spoken and signed languages, written language systems are a rela-
tively new cultural invention. Natural selection has not shaped any single part of the
human brain to be particularly facile with acquiring symbolic literacy skills (Dehaene,
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2004). Instead, reading relies on processing capacity from a coordinated network of
brain areas that must work in concert to translate written text viewed on a page into
comprehended meaning. Therefore, achieving efficiency, or “fluency,” in reading is a
more challenging endeavor, and children cannot master this skill without some instruc-
tion. During the period from ages 3 to 8 years, English-speaking children typically learn
to identify alphabetic letters, map each letter to corresponding sounds, decode words
and memorize irregular sight words, and eventually read text fluently. After learning to
read, older children make important progress in reading to learn about school subjects
and other topics of interest and value. Here, we elaborate on the process of decoding
text.

Much of what we know about the brain processes underlying reading comes from
the study of skilled adult readers, adults with brain damage who have lost the ability to
read, and people who face difficulties reading, such as those with dyslexia. As of this
writing, no longitudinal studies have examined neurological processing of written text
before, during, and after typically developing children are first taught to read. None-
theless, studies with adults and with dyslexic individuals, as well as a handful of cross-
sectional imaging studies with children, have shed light on brain processes underlying
typical and atypical reading. When examined in light of cognitive theories of reading
and a broader understanding of brain development, these brain-based studies may prove
useful for educators.

Dual-route theories of reading from cognitive science and psychology provide
some guidance for interpreting patterns of brain activity associated with word reading
(Jobard, Crivello, & Tzourio-Mazoyer, 2003). These theories identify component skills
in word reading, from the visual perception of a string of letters to the recognition of
their meaning. Dual-route models propose two different pathways in the brain for read-
ing words. These routes will seem familiar to primary school educators. One route to
reading is an indirect one: Printed letters are visually processed (e.g., c-a-t), converted
into their respective sounds, then blended to decode the word phonetically. Acquiring
this phonological route begins with an understanding of the alphabetic principle, that
is, an awareness that written letters represent particular spoken sounds. The reader will
understand the word if its “sound” matches a word that he or she already knows, most
likely through oral language. The second proposed route is more direct, though its mode
of functioning in the brain remains controversial. This “word form area” of the brain (at
the base of the left temporal lobe) seems to become specialized for word recognition. In
typical adult readers, this area is sensitive to groups of letters in a word, processed visu-
ally, that obey the spelling rules (“orthography”) of one’s language. For example, the
letters ight would elicit more activity in this region for a reader of English than would
the same letters presented as gtih, because the latter pattern does not commonly occur in
the language. When a word or word part does follow the rules of a reader’s language, it
does not matter in what font style, size, or case the words are presented—skilled readers
seem to have developed expertise for visually recognizing and abstracting linguistically
meaningful chunks of words. This type of processing is particularly important when the
pronunciation of a word is ambiguous and the spelling is irregular (e.g., cough, who,
cousin). Dual-route models posit that emerging readers must acquire this direct route to
reading, as well as the indirect phonological route, to achieve fluency.

According to this general model, educators support young readers by teaching both
letter—sound correspondences and notable exceptions (i.e., sight words), facilitating
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acquisition of both the phonological (indirect) and lexical (direct) routes to reading.
They also support reading by helping to build children’s vocabulary, which facilitates
the recognition of word meanings from text; that is, a child demonstrates better fluency
reading text that presents words with which he or she is already familiar, most often
from oral language experience. This suggests that curricula aimed at exposing children
to new words may also be advantageous for children’s reading fluency by establishing or
strengthening connections between a written word and its meaning.

Implicit in a dual-route model is the notion that no single “reading area” of the
brain is activated in response to text perception. Instead, a network of connected brain
regions is called upon during reading, reflecting the complexity of this cognitive activ-
ity (Joseph, Noble, & Eden, 2001; McCandliss & Noble, 2003). These regions include
the base of the temporal lobe for the lexical route to reading (Figure 4.2, area A), as
well as the left angular gyrus for the phonological route (Figure 4.2, area B), near the
juncture of the parietal and temporal lobes in the left hemisphere. Additionally, a frontal
region important for producing spoken language is also recruited reliably while read-
ing aloud or silently (Figure 4.2, area C, Broca’s area). Brain activity can be detected in
many regions while reading words, but these areas seem to be particularly important
for skilled readers. Connections between the areas, as well as the integrity of the brain
tissue in these areas themselves, are typically essential for reading success.

In English, mapping letters to sounds is relatively difficult because the approxi-
mately 40 phonemes used to verbalize words can be spelled in over 1,100 ways (Nyikos,
1988). For example, multiple alphabetic combinations convert into the same sound in
the words neigh, hay, and hey. Other languages, such as Italian and Spanish, have a
smaller set of possible sounds and fewer irregular words. Indeed, compared to Eng-
lish readers, Italian readers show increased levels of activity in brain areas associated
with phonological processing when reading words (Paulesu et al., 2000), reflecting the
sound-based strategy that is effective for word reading in the Italian language. Read-
ers of English, on the other hand, show more activation of the orthographic route even

FIGURE 4.2. Brain regions corresponding to a dual-route model of reading. A, lexical route, base of
the left temporal lobe; B, phonological route, region of left angular gyrus; C, frontal activity support-
ing skilled reading, Broca’s area.
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when reading regular words. Although the multicomponent reading system is largely
similar across cultures, the demands of different writing systems seems to shape the
organization of effective reading circuits by modifying the relative involvement of vari-
ous components.

Many argue that, with reading practice, more words are recognized and processed
automatically using the direct route (Dehaene, 2004; Shaywitz et al., 2002). Increasing
automaticity is one factor that facilitates fluent reading. Indeed, skilled readers cannot
help but read words presented to them. For example, when a color word, like green, is
typed in an opposing ink color, such as red, it is difficult to ignore the written word and
simply report the color of the ink. The automatic tendency to read the word interferes
with identification of the print color, and color-naming time is slowed as a result. In
everyday contexts, even when spellings are somewhat scrambled or letters are missing,
the skilled reader’s ability to decode meaningful words is relatively robust:

The childern play in the shcool gym.

Cla__ _f '08

Many questions remain open regarding our understanding of neural networks
underlying reading and how they develop. For example, how do experiences with lit-
eracy (both formal instruction and informal reading) get “under the skin” to help orga-
nize these neural connections? How robust are these circuits, once established? To what
extent is repeated activation necessary to stabilize them (in practical terms, how do
breaks from formal instruction impact circuit formation)? How do emotional processes,
such as enjoyment of or engagement in reading and motivation to learn to read, shape
this process of neural specialization? Finally, are there benefits or drawbacks associated
with exposing children to formal instruction in reading during preschool, in terms of
fine-tuning reading circuits to function efficiently?

Recent imaging studies with children have elucidated some of the developmental
processes underlying improvement in basic word reading. As mentioned earlier, one way
in which the brain changes with development is in the increasing specialization of neural
networks. A growing body of literature suggests that this type of change occurs in word
reading. For example, a cross-sectional study of readers ages 7-17 years by Shaywitz
and colleagues (2002) found both right- and left-hemisphere activation during word
reading among younger and less skilled readers, but greater levels of left-localized brain
activity among more skilled readers. This suggests that what starts off as a task that
calls on widely distributed parts of the brain eventually becomes one that is handled by
more focalized and efficient networks of neurons.

Further evidence for increasing specialization of reading circuits comes from the
Turkeltaub, Gareau, Flowers, Zeffiro, and Eden (2003) study of brain activation in an
implicit reading task. These authors studied 6- to 22-year-old subjects cross-sectionally.
Participants were asked to identify whether a word or symbol string had any “tall let-
ters” or symbols, like k, b, or d, as opposed to having only short letters, like ¢, 0, and
a. If reading were an automatic process, then even though they were not asked to read
the words, participants would have done so in this task. Age-related differences associ-
ated with this implicit reading included lower levels of right-hemisphere activity (right
lower temporal sulcus and the back region of the fusiform gyrus) among older and more
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skilled participants. Additionally, greater levels of left-lateralized activity in the lower
frontal gyrus were documented among older subjects, suggesting that this region takes
on more importance as the reader becomes skilled.

Summary

Currently, research findings are consistent with the view that whereas beginning reading
draws upon an individual’s widely distributed brain network to decode text, skilled word
reading is associated with increasing specialization of a largely left-hemisphere network.
This specialization facilitates more automatic and efficient processing of printed text.
However, as with spoken language, right-hemisphere structures likely continue to play
a role in reading, particularly as we go beyond single-word processing. For instance,
in spoken language, “prosodic information” (i.e., the melodic qualities of speech) is
processed in the right hemisphere. This processing helps a listener to understand the
emotional tone and intentions of a speaker, such as when a speaker uses sarcasm. More
research is needed to understand how these brain systems interact to enable the reader
to make sense of more complex texts.

An important point is that reading is always associated with multiple brain struc-
tures working together to support reading; there is no single brain region that can be
characterized as a center for reading. Minimally, both phonetic and word recognition
strategies are at work when a fluent reader encounters words. Longitudinal and experi-
mental studies will help to tease apart the effects of maturation and experience in the
organization of reading circuits. Future studies will examine how the brain functions
during word processing before, during, and after reading instruction. Furthermore,
practice-relevant studies might capitalize on the neuroscientist’s tools for additional,
sensitive measures of the effectiveness of varied teaching approaches. Careful analysis
of the type and quantity of instruction will help to clarify the role of experience in the
development of literacy skills and further our understanding of how to intervene when
children have trouble learning to read.

Numeracy and Mathematics

Numeracy, like literacy, is one of the essential foundations for academic learning. In
the early grades, children learn to understand and use numbers across varied types
of representations (National Council of Teachers of Mathematics, 2000, Number &
Operations Standard). By the end of second grade, they are expected to be able to count,
link numerals and number words to quantities, and grasp the relative magnitudes of
whole numbers (i.e., understand the number line). They also learn the basic operations
of addition and subtraction, using multiple methods and tools for developing a concrete
understanding of arithmetic. Developing a flexible understanding of number lays the
groundwork for the learning of more complex operations and math concepts in later
grades. Also as in literacy instruction, effort and time eventually lead to the automatiza-
tion of several aspects of number knowledge, as students become more “fluent” in the
language of numerals. These skills build on children’s early understanding of quantity
and develop with the effortful practice of mastering a symbolic system of numerals and
notations.
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Reasoning about numbers, like reading text, recruits a distributed network of cogni-
tive systems. Research with patients with brain damage and neuroimaging studies sug-
gest that separate components of the neural system are specialized for at least two differ-
ent aspects of numeracy, understanding quantity and retrieving learned calculations. For
adults, structures in the parietal lobe tend to be recruited for these forms of reasoning.

Understanding Quantity: The Number Line

One component of the cognitive system for numeracy underlies our understanding of
quantity (Dehaene & Cohen, 1997; for review, see Dehaene, Piazza, Pinel, & Cohen,
2003). Comparing the relative magnitude of two numbers, for example, taps this sys-
tem. Understanding relative quantity goes hand in hand with our ability to think about
numbers along a number line and to make numeric approximations (see Siegler, Chapter
19, this volume). Dehaene and colleagues (2003) refer to this system as a “nonverbal
semantic representation of the size and distance relations between numbers” (p. 488).
That is, neural networks become organized to code the magnitude and order of the
numbers, reflecting the central features of the number line. This number sense seems to
apply across modes of representation, such as numerals, number words, and collections
of objects or dots; that is, in each format, parietal lobe activity in both hemispheres is
associated with reasoning about abstract quantity information (Figure 4.3, area A). In
adults, greater levels of activity are generated when comparisons are more difficult, such
as when two close numbers (e.g., 21 vs. 24) rather than distant numbers (e.g., 17 vs. 46)
are compared for relative magnitude (Pinel, Dehaene, Riviere, & LeBihan, 2001).

In a standard numeric comparison task, participants are presented with a numeral
from 1 to 9, or a dot pattern of 1 to 9 dots. They indicate by pressing buttons whether
the value is greater than or less than a target value, such as five. Adults are faster at mak-
ing these decisions when the test number is farther from 5 (e.g., 1 or 9, as opposed to
4 or 6). This response pattern reflects the organization of neural circuits in the parietal
lobe, such that numerals representing values closer together are more difficult to distin-
guish than are two digits farther from each other along the number line. Temple and

FIGURE 4.3. Brain regions activated during numeric estimation (A, region of parietal lobe on each
side) and arithmetic (B, region of left angular gyrus).
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Posner (1998) measured brain activity, using event-related potentials (ERPs), during this
number comparison task with adults and a small group of typically developing 5-year-
olds. The patterns of brain activity evident during both numeral and dot comparison
were quite similar across the age groups. Both groups showed larger responses during
close, versus far, comparisons (N1 amplitude) over parietal electrodes. The time course
of this neural response was only slightly delayed for children (194-224 msec poststimu-
lus) compared to adults (124-174 msec poststimulus), even though button presses were
very delayed in children (overall average: 1,576 msec; adults: 498 msec). These results
suggest that, at least for small whole numbers, young children closely resemble adults
in their neural processing of relative quantity. Thus, some of the building blocks for
mathematics seem to be in place by age 5 years. Much more research is needed, how-
ever, given the small final sample size of 13 children, and the potential for individual
variation among S-year-olds with different levels of experience working with numbers
in symbolic (numeral) form.

It is not clear yet whether most typically developing 5-year-olds demonstrate an
overlap in brain areas associated with processing of symbolic and nonsymbolic repre-
sentations of numbers (e.g., numeral symbols and dot arrays). It may be that the over-
lap arises only through experiences in translating numerals into quantities and vice
versa. Indeed, although young children may be able to reason about number in concrete
forms, such as using dots or real objects, they may differ in their ability to reason using
numerals. Achievement gaps in math, evident even at kindergarten entry, might have a
counterpart in neural processing of numbers specifically in a numeral format. Future
research can illuminate whether differences derived from variation in exposure to and
communication about symbolic representations of number explain differences in early
math skills. Such research would help to clarify the basis of the early achievement gap,
and the scope of “number sense” that must be taught in the classroom (e.g., understand-
ing of quantity per se, or the mapping of number symbols to quantities).

Early “number sense,” that is, an understanding of quantity in nonsymbolic for-
mats, may support students’ learning of calculation using numbers (Barth et al., 2006).
Barth and colleagues (2006) tested 5-year-olds’ performance on “arithmetic” problems
using arrays of dots rather than number symbols. This way, they could examine chil-
dren’s ability to add, without using numerals that children did not yet fully understand.
On a computer screen, 5-year-olds were briefly shown, for example, a set of 13 blue
dots, which was then covered up to prevent counting. Another set of 8 blue dots was
“dropped” behind the screen, to be added together with the others. Then, a set of 19
red dots was presented, and children reported whether there were more red or blue dots.
Even though children could not perform symbolic addition (i.e., “What is 13 + 8?27),
they were quite successful at this nonsymbolic version, choosing the right color 70% of
the time. Thus, before they learn symbolic arithmetic, young children seem to be able
to use nonsymbolic number sense for arithmetic processing. The authors argue that
children’s understanding of quantity in nonsymbolic formats can serve as a bridge to an
understanding of formal math skills. This idea is consistent with the use of manipulables
in early grades math lessons to help children practice reasoning about quantities as a
gateway into formal math. Future education-minded studies might illuminate whether
and how to use concrete objects to support children’s more abstract understanding of
number concepts. New questions may be raised, such as whether a child’s actual actions
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involved in manipulating materials facilitates number processing at the brain level, com-
pared to instruction based on observation of a teacher’s use of objects (e.g., in a whole-
group activity).

To make advances in math, young children need to integrate their understanding of
how quantities map onto symbolic numbers, much like young readers need to sort out
letter—sound correspondences. Siegler and Booth (2004) argue that by 6 years of age,
children integrate their quantity and counting systems into a mental number line that
they can then use to reason with numbers. One mathematics curriculum program for
early grades instruction, Number Worlds, is designed to promote formal understanding
of the number line, particularly among children from disadvantaged backgrounds (Grif-
fin, Case, & Siegler, 1994). The researchers who developed the program did so based
on studies suggesting that emphasis on the number line would be particularly useful as
an intervention for children from low-income families because children from middle-
and high-income families generally tend to have more informal instruction in numbers
and enter kindergarten with better developed number knowledge (e.g., discriminating
which of two numbers is bigger) (Griffin et al., 1994). In this curriculum, students use
board games and group activities to build an understanding of the number line and the
symbols used to represent it. Evidence from experimental studies shows that participa-
tion in the kindergarten program can help children from disadvantaged backgrounds
perform as well as their more advantaged peers, applying their understanding of number
in a variety of ways. Future studies by this group will begin to examine changes in the
neural processing of numbers associated with use of this program, and extensions of
this program into the primary school grades.

Arithmetic

Making comparisons and estimates of numerical quantities only takes us so far in our
understanding and use of numbers. Skill in carrying out exact calculations also needs to
be practiced and learned in elementary school. For adults and older students, “solving”
simple arithmetic problems means retrieving learned math facts (e.g., 5 +3=8;3 * 4 =
12). Circuits in the left hemisphere of the brain associated with language appear to be
recruited for this type of recall (Dehaene et al., 2003). More specifically, Dehaene and
his colleagues (2003) propose that a region of the left angular gyrus is part of the lan-
guage system that is essential for retrieving math facts stored in verbal memory (Figure
4.3, area B). Thus, a verbal circuit may be recruited for retrieving multiplication and
addition facts from memory, whereas the quantity circuit described earlier is more heav-
ily recruited for subtraction and other true manipulations of quantity.

A neuroimaging study examined age-related changes in brain activity associated
with carrying out one-digit addition and subtraction problems (Rivera, Reiss, Eckert,
& Menon, 2005). Participants ranging in age from 8 to 19 years were asked to indicate
whether a given arithmetic problem was solved correctly (e.g., 4 + 3 =7,9 -3 = 5). The
researchers compared brain-related activation elicited by this and a nonquantitative task
in which participants identified whether a zero (0) was present in a string of five digits.
Age-related differences in activation during the math task were consistent with a pattern
of increased specialization with age. In particular, age-related decreases in brain activ-
ity were found in areas considered to underlie secondary processes involved in addition
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and subtraction, such as working memory and attention. Decreased activation in frontal
areas of the brain over developmental time, as well as in the basal ganglia and hip-
pocampal structures, accords with the notion that simple calculations are quite effortful
for younger children but become more automatic during the later school years.?

In general, automaticity in important skills such as simple arithmetic is an advan-
tage, in that these computations become less taxing on one’s attention and memory,
freeing up these resources for other, potentially competing challenges. For example, flu-
ency in single-digit arithmetic would free up working memory resources needed to solve
multidigit math problems, or algebra problems for which multiple calculations need to
be held in mind simultaneously.

Summary

In summary, the study of math processing at the level of the brain has begun to shed
light on the neural processes involved with number sense and basic arithmetic. Adults
use a specialized neural network to process relative quantity, regardless of whether the
values are presented as abstract symbols or concrete objects. Although there is initial
evidence that this convergence is apparent among S-year-olds, much more research is
needed to know whether and how early experience with numeric symbols facilitates this
mapping process. Additional careful research in the future can address educationally
relevant follow-up questions regarding more abstract mathematics concepts that are dif-
ficult for many students, such as fractions, roots, and negative numbers. For example,
certain teaching approaches may be more effective for helping children flexibly switch
strategies when subtraction problems involve negative numbers. As this example sug-
gests, more advanced math concepts will, at least initially, require students to use work-
ing memory and attention resources effectively to solve problems. Thus, at the neural
level, the development of EF likely goes hand in hand with students’ increasing facility
with numbers during the school years.

Conclusions

Advances in developmental neuroscience are helping us understand, at the biological
level, some of the major changes in the developing brain, and in children’s skills and
behavior during the school years. We know that although the basic architecture of the
brain is laid down relatively early in life, genes and environments interact over time as
children act in the world and develop more advanced abilities. Consideration of biologi-
cal perspectives sheds new light on how children learn the foundational academic and
self-regulatory skills important for school success, such as focusing attention, reading
printed words, and reasoning about numbers. Although considerable work has been
done to examine how environmental influences shape development, many questions
remain open about how specific interactions between the child and the environment,
in and out of school, organize the developing child into a cognitively efficient, skilled
adult. Developmental neuroscience, a relatively new and growing field, will continue to
provide important insights for considering how the whole child develops and learns in
the early school grades.
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Notes

1. Here we focus on normative development to inform readers about typical changes in the brain
that are common to most children. Studies of atypical development, reviewed elsewhere, are
beginning to reveal the relationship between atypical brain development and learning dis-
abilities that impact school learning.

2. Unfortunately, findings regarding addition and subtraction were not reported separately, pre-
cluding conclusions about developmental change in processing associated with these different
math skills.
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Neurodevelopmental Changes
in Infancy and Beyond
Implications for Learning and Memory

Patricia J. Bauer

ne of the most significant factors in learning—and, therefore, in the growth of

knowledge—is memory. This “truth” is patently obvious. Unless all knowledge is
built into the organism, it must be acquired. The means through which it is acquired
is learning. Learning can be accomplished in a number of ways (observation, study,
practice, direct tuition, etc.), and it may be intentional or unintentional. Regardless of
the source and the objective, the products of learning must be stored in memory to be
maintained over time. As such, it is inevitable that discussions of learning must include
discussions of memory.

In the course of this chapter, I elaborate on relations between learning and memory,
with special focus on age-related differences therein. A guiding principle of the review
is that although learning and memory are close siblings, they are not identical twins,
that is, equal learning does not result in equal remembering. This observation leads
to consideration of memory and related processes that occur after a learning episode,
and of the developmental status of the neural structures and network that support the
processes. Consideration of these factors helps to explain some of the vulnerabilities in
young children’s learning and memory. It also opens a window on educational practices
that may aid students in overcoming—and even capitalizing on—these vulnerabilities.
The chapter ends with suggestions for future research that will further integrate basic
cognitive and developmental psychological principles with educational practice.

Relations between Learning and Memory

It is well known that prior learning influences memory, and that memory influences the
learning or acquisition of new knowledge. There are many examples of the effects of
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domain knowledge on memory. One that had an enormous impact on our understand-
ing of the dynamic interaction of these two domains comes from the developmental psy-
chology of the late 1970s. Half of the story came as no surprise. Micheline Chi (1978)
administered to children and adults a task requiring them to remember string of digits of
various lengths (e.g., 7-4-3, 8-6-1-9, 3-2-5-4-7, 1-6-8-3-5-2, 7-4-2-5-9-1-8). She found
precisely what she expected, namely, that adults remembered more digits than children.
The other half of the story provided quite a jolt, however. The children in the study
had been selected because they were experts in the game of chess; the adults (graduate
students) knew how to play chess but were not experts. When Chi challenged the young
chess experts and the adults to remember not strings of digits but chess positions, she
found that the children outperformed the adults. In the years since this demonstration,
effects of expertise on memory have become commonplace. Yet, at the time, they were
not widely appreciated. They contributed to a new perspective on “what develops,” one
that deemphasized domain-general cognitive structures (e.g., Inhelder & Piaget, 1958,
1964) and emphasized specific domains of knowledge.

There also are demonstrations of the influence of memory on learning and acqui-
sition of new knowledge. An example comes from the literature on relations between
working memory, as measured by listening span, and reading comprehension. “Listen-
ing span” is the number of successive short sentences that a person can recall verba-
tim. Daneman and Carpenter (1980) found that from the preschool through the college
years, listening span correlates with reading comprehension. Similar relations are found
between working memory, as measured by the number of final words in sentences a
child or adult is able to remember, and reading comprehension. In addition, differences
in working memory capacity differentiate reading-disabled from non-reading-disabled
readers (e.g., Siegel & Ryan, 1989). These simple illustrations serve to make the point
that if we are to understand learning, we must think about memory. Furthermore, if we
are to understand age-related or developmental differences in learning, we must under-
stand developmental differences in memory.

Age-Related Differences in Learning and in Memory:
Examples from Infancy Research

We know that there are age-related differences in learning and in memory. The ques-
tion is how they are related at the level of behavior, and at the underlying neural level.
I address these questions by using specific examples from the infancy literature not
because I believe readers of this volume are especially interested in infancy, but because
the infancy literature is one domain in which these questions have been asked in a
systematic way. The expectation is that the lessons are generalizable, within limits, to
learning and memory in preschool- and school-age children.

Learning and Memory in Infancy

Numerous challenges are associated with testing learning and memory in infants. The
most salient one is that we cannot rely on the measures of these processes that we
use with older, verbal children. Infants do not play chess. They obviously do not read,
which makes it impossible to test them with reading span or reading comprehension
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tasks. In fact, because infants by definition are nonverbal (infantia, Latin for “inability
to speak”), they cannot be tested with any of the language-based assessments designed
for use with older children and adults. Thus, assessments of learning and memory in
infancy require nonverbal tasks.

The learning and memory task that we have used in our laboratory is elicited imita-
tion of multistep sequences. In elicited or deferred imitation, props are used to produce
a sequence of actions that the infant (or older child; Riggins, Miller, Bauer, Georgieff, &
Nelson, 2009) is invited to imitate either immediately (elicited imitation), after a delay
(deferred imitation), or both. Although the task is nonverbal and depends on behavior,
there is ample reason to believe that it taps the same type of memory as that assessed
through verbal report in language-using children and adults (for discussions, see Bauer,
2004, 2005b, 2007). A sample sequence is to “make a gong” by (1) folding a bar across
a swing-set-shaped base, thus forming a crosspiece; (2) hanging a metal disk from the
bar; and (3) striking the metal disk with a small mallet, thus causing it to “gong.”

Use of this technique with infants as young as 6 months of age (e.g., Barr, Dowden,
& Hayne, 1996), and throughout the second year of life (e.g., Bauer, Wenner, Dropik,
& Wewerka, 2000), has revealed a number of age-related differences in memory. First,
based on a single learning trial, infants learn and remember. For example, as reflected
in Figure 5.1, relative to an uninstructed baseline (during which we observe spontaneous
production of target actions and their order), immediately after seeing sequences dem-
onstrated, 16- and 20-month-old infants produce both more actions of sequences, such
as the gong (i.e., folding the bar, hanging the disk from the bar, striking the disk with
the mallet), and more actions in the demonstrated order. This provides strong evidence
of learning based on a single experience of an event. After a delay of 2 weeks, they still
remember the sequences, though some forgetting is apparent (i.e., performance after
2 weeks was lower than performance immediately after the demonstration; Bauer &
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FIGURE 5.1. The number of actions and pairs of actions in correct temporal order produced by
16- and 20-month-old infants in an uninstructed baseline condition, at immediate recall and after a
2-week delay. Data from Bauer and Mandler (1989).
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FIGURE 5.2. The number of actions produced by 16- and 20-month-old infants after a 1-month
delay, as a function of the number of experiences with the sequences (1, 2, or 3) prior to imposition of
the delay. Data from Bauer (unpublished).

Mandler, 1989). Thus, even preverbal infants learn and remember multistep sequences
of action.

Second, as reflected in Figure 5.2, with more learning trials, memory is more
robust; that is, when tested after a 1-month delay, infants remember more of the actions
(reflected in Figure 5.2) and more information about the order of actions they have
seen demonstrated three times relative to two times, and two times relative to one time.
Thus, learning accrues with experience. Third, also apparent in Figure 5.2, regardless
of the number of learning trials, older infants remember more than do younger infants.
Although these basic effects are illustrated with data from infants in the second year
of life, throughout development, children benefit from multiple experiences of events
or to-be-remembered material, and older children learn more rapidly than do younger

children (Howe & Brainerd, 1989).

Do Differences in Learning Explain Differences in Memory?

The tight coupling of learning and memory throughout infancy and childhood raises
the question of whether age-related differences in memory reflect nothing more than
age-related differences in learning. If that were the case, then if we equalized learning,
we could also equalize remembering. Because learning accrues over trials, we could give
younger children more learning trials, relative to older children, and watch age-related
differences melt away.

Although the coupling is tight, it is not perfect. Age-related differences in memory
are not explained by differences in learning, at least not as we typically conceive of
learning. Illustration of this point comes from another infant study from my labora-
tory (Bauer, 2005a). This research involved three groups of 16-month-old and three
groups of 20-month-old infants. All of the infants learned multistep sequences, such as
“make a gong,” prior to imposition of 1-, 3-, or 6-month delays (the delay interval was
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between subjects). To examine age-related differences in remembering, we controlled
age-related differences in learning. Specifically, we matched the 16- and 20-month-olds
for the amount learned prior to the delay. For example, a younger infant who produced
three actions prior to the delay was matched with an older infant who produced three
actions, and so forth. Thus, the infants of different ages entered the delay interval with
equal learning.

In spite of the fact that the infants learned the same amount about the events, they
did not remember the same amount; age differences were especially apparent at the
longer delays. When retested after 1 month, the older and younger infants had forgotten
approximately the same amount about the events: They had lost about 1 in 4 of the indi-
vidual actions they had learned. After both 3 months and 6 months, age-related differ-
ences were pronounced. After 3 months, younger and older infants forgot roughly 2.5
and 1.4 actions, respectively; after 6 months, younger and older infants forgot roughly
3.1 and 2.2 actions, respectively (for details, see Bauer, 2005a). Clearly, equal learning
does not result in equal forgetting (or its complement, remembering).

But might the younger and older infants have retained the same amount, and the
older infants were simply better at retrieving what they remembered, especially after
the long delays? To address this possibility, after the test trial, we demonstrated the
sequences once again, then tested the infants’ recall. If the groups of infants had equal
amounts of information about the events in memory storage, but the younger infants
were simply having more trouble accessing it (retrieving), then in this classic test of
“savings in relearning” (Ebbinghaus, 1885/1964) they should perform equally. With the
burden of retrieval lifted (by demonstration of the event), younger infants should have
been able to “show what they know.” Contrary to this possibility, on the relearning
trial, the older infants outperformed the younger infants. Thus, the difference in long-
term recall could not be attributed to differences in accessibility at retrieval (for details
and discussion, see Bauer, 2005a). With both “bookends” eliminated (initial learning
and retrieval), we must look to the middle (the period between learning and testing) to
find the source of age-related differences.

The Importance of the Postlearning Process of Consolidation

To understand how equal learning can produce unequal retention, we must look to pro-
cesses that take place after learning but before the long-term retrieval test. What hap-
pens during this period that might help explain differential retention over the long term?
A candidate answer to this question is a postlearning process that has received relatively
little attention in the contemporary literature, namely, “consolidation,” the process by
which an initially labile memory trace is stabilized and integrated into long-term stor-
age. The process is subserved by a particular neural substrate, one that undergoes sub-
stantial postnatal developmental change throughout infancy and into the school years.
This makes it an attractive candidate as a source of age-related differences in retention
of newly learned information in memory.

The process of consolidation originally was hypothesized by Miiller and Pilzecker
(1900) to account for retroactive interference. In laboratory tests they observed that
new material learned shortly after (but not long after) old material produced deficits in
subjects’ memory for the old material. Consider two testing situations, both of which
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involve learning and remembering lists of words. In one situation, subjects learn List 1,
time is allowed to pass, then they learn List 2. In this situation, Miller and Pilzecker
observed high levels of subjects’ memory of both lists. In the other situation, subjects
learned List 1, then very shortly thereafter were presented List 2. In this case, the
researchers observed good recall of List 2 but poor recall of List 1. It seemed that in the
short-delay situation, List 2 retroactively interfered with List 1. Miiller and Pilzecker
advanced the hypothesis that there was retroactive interference because at the time that
List 2 was learned, List 1 had not yet been stabilized or integrated into storage, a process
they termed “consolidation.”

Muller and Pilzecker’s (1900) work served to illustrate an important principle about
learning and memory: processes that take place after learning influence later remember-
ing. It also illustrated an important features of the postlearning process of consolida-
tion: It takes time. In the years since the introduction of the concept of consolidation, we
have learned more about this critical process. We have learned that it involves multiple
steps, and that it depends on a network of neural structures. In the next sections, I
provide a summary of “how the brain builds a memory,” followed by discussion of the
implications of these processes for learning and memory in development.

Neural Structures Involved in Learning and Memory

Early “hints” as to the neural structures that subserve the process of consolidation and
memory trace construction more generally came from observation of patients with brain
damage, such as the famous H. M. In 1953, for treatment of otherwise intractable sei-
zures, 27-year-old H. M. underwent bilateral removal of major portions of his medial
temporal lobes (i.e., the interior surfaces of the lobes of the brain that sit above one’s
ears; Scoville & Milner, 1957). In that era, experimental brain surgeries were almost
common. They were heralded as treatments for a range of disorders, including schizo-
phrenia and depression. The surgery was successful as a control for the H. M.’s seizures.
After the surgery, H. M. had significantly less seizure activity (he was reported to expe-
rience no more than two major seizures per year: Corkin, 2002). From the standpoint of
memory, however, the surgery was a personal tragedy for H. M., even as it was a boon
for researchers.

From the time of the surgery, which took place when he was a young adult, H. M.
had great difficulty learning new facts and forming memories of new private or public
events (Milner, Corkin, & Teuber, 1968; Scoville & Milner, 1957). For example, he was
unable to remember a list of words he studied only minutes before. His recognition of a
word on the list paired with a word that was not on the list was no better than chance.
H. M.s difficulty in learning new things extended to many different types of materials,
including strings of digits; series of musical tones; faces of famous people; public events;
and even private events and personal facts, such as how old he was, that his hair had
grayed, or how many years had passed since his surgery. Although H. M. showed some
ability to remember new information that he encountered over and over again, such as
the spatial layout of the house in which he went to live 5 years after his surgery (Corkin,
2002), he was unable to acquire new information on the basis of a single exposure or
a small number of exposures to it. It is not that information did not register in H. M.’s
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conscious mind: He was able to remember over a matter of seconds (i.e., his short-term
memory was preserved), but he failed to establish new long-term memories.

The case of H. M. gave researchers a lot of guidance in identifying the neural
structures involved in learning and memory. Through work with other patients, ani-
mal models of lesion and disease, and, more recently, the aid of neuroimaging tech-
niques such as positron emission tomography (PET) and functional magnetic resonance
imaging (fMRI), we have learned even more. The work has made clear that encoding,
consolidating, storing, and later retrieving the products of learning depends on a mul-
ticomponent neural network involving structures in the medial temporal lobes and the
frontal lobes of the brain. Briefly, the perceptual experience of an event impinges on
and produces excitation across multiple brain regions distributed across the cortex (see
Figure 5.3). Certain areas of cortex, termed “association areas” (e.g., the front portion
of the frontal lobe, known as the anterior or prefrontal cortex) bring the information
together (thus the name “association” areas), giving rise to conscious awareness of the
experience. Neural structures on the medial surface of the temporal lobe are involved
in the consolidation of the distributed representation into a durable memory trace. Over
the long term, memories are stored in the same cortical areas that participated in initial
registration of experience. Prefrontal cortex is implicated in retrieval of memories from
long-term stores (e.g., Kandel & Squire, 2000). In the sections that follow, I outline in
greater detail each of these steps in “how the brain builds a memory,” namely, initial
registration, consolidation, storage, and retrieval of information.

Primary
somatosensory

cortex )
Somatosensory unimodal

association
cortex

Posterior
association
area

Anterior
association
area

Primary
visual
cortex

/ Visual unimodal
Limbic Auditory unimodal associaton
association Primary association cortex
area auditory cortex
cortex

FIGURE 5.3. Lateral view of the association areas of the human brain. Drawing by Ayzit O. Doydum.
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Initial Registration

Information about events and experiences does not impinge upon the brain all at once in
the same time and place. Rather, it is distributed across multiple cortical areas; that is,
neurons in primary visual cortex (see Figure 5.3) respond to the form, color, and motion
of an object or event. In parallel, neurons in primary somatosensory cortex respond to
inputs from the skin (registering information about light touch) and muscles and joints
(registering information about the position and movement of our extremities), and neu-
rons in primary auditory cortex respond to various attributes of the sounds made by the
object or event. Inputs from these primary sensory areas are sent (projected) to sensory
association areas that are dedicated to a single modality (vision, somatic sensation, or
audition), where they are integrated into whole percepts of what the object or event
looks, feels, and sounds like, respectively. These unimodal sensory association areas
in turn project to polymodal (also termed “multimodal”) posterior—parietal, anterior—
prefrontal, and limbic—temporal association areas, where inputs from the different sense
modalities are integrated.

Studies with humans and nonhuman primates have shown that over very brief time
intervals (on the order of seconds), information about objects or events is maintained in
the cortical association areas. When normal function of association cortices is disrupted
by lesion or disease, forgetting sets in after delays as short as a few seconds (for a review,
see Diamond, 2001). Research with nonhuman primates sheds light on how informa-
tion is maintained in cortical areas over the short term. In monkeys, neurons in the
prefrontal cortex begin to fire when a visual stimulus is presented. If the stimulus is hid-
den from view, the neurons continue to fire during a short delay interval (typically less
than 30 sec). When the delay is over, the animal is able to make a correct reach or look
to where the object or cue had been. Thus, the neurons “represented” the object in the
brain even after the sensory stimulation was gone. In contrast, if the neurons stop fir-
ing during the delay period, the monkey is unable to locate the stimulus (e.g., Fuster &
Alexander, 1971; for a review, see Eichenbaum & Cohen, 2001). Such findings indicate
clearly that the association cortices play a role in the initial registration and temporary
representation of information.

Consolidation

Cortical association areas are involved in the short-term registration of experience. They
permit us to hold in mind information, such as a phone number just long enough to dial
it, for example. In addition, the association areas are ultimately the long-term storage
sites for memories: It is from association areas that we retrieve our own home phone
number. Yet between initial registration and commitment to long-term storage there is
substantial additional processing. That processing generally is described as involving
stabilization and integration of the various inputs from different cortical regions, and
is thought to be performed by structures within the temporal lobes (i.e., in the medial
aspect of the lobe). Whereas stabilization and integration processes begin upon registra-
tion of a stimulus, they do not end there. By some estimates, the process of consolida-
tion of a memory trace continues for hours, days, months, and even years. Importantly,
throughout the consolidation period, memories are vulnerable to disruption, interfer-
ence, and, therefore, forgetting.
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Two major types of evidence imply that for memory traces to live on beyond imme-
diate experience, they must undergo additional processing. The first source comes form
patients like H. M., who suffer from “anterograde amnesia: an inability to form new
explicit memories. Patients with damage in the medial temporal lobe have normal intel-
ligence (as measured by standardized IQ tests) and normal short-term memory (e.g., over
intervals of a few seconds, they can remember a series of digits as well as can healthy
control subjects). However, they perform at levels below normal control participants on
a variety of memory tasks that require new learning, including reproducing a diagram
after a 5- to 10-minute delay, recalling and recognizing individual words presented on
lists, and recognizing words and faces after a 24-hour delay (Reed & Squire, 1998). The
memory deficits of these individuals cannot be accounted for by problems with retrieval
alone: Lower levels of performance are apparent on tests of recognition, as well as recall,
even though tests of recognition make lower retrieval demands relative to the demands
of recall. These observations imply that for new memories to be effectively stored, they
must undergo additional processing after initial registration.

The second source of evidence that memories must undergo a process of consolida-
tion to live on is the observation of “temporally graded retrograde amnesia”: Memory for
more recent events is impaired relative to memory for more remote events (for a review,
see Brown, 2002). Notice that this pattern is precisely the opposite of normal forget-
ting. The phenomenon is observed in humans whose amnesia is the result of Korsakoff’s
syndrome (attributed to chronic alcohol abuse), as well as in patients whose amnesia is
acute due to lesion, infarction, or anoxia. It also can be induced in nonhuman animals
(including rabbits, mice, and monkeys; for reviews, see Eichenbaum & Cohen, 2001;
Squire & Alvarez, 1995) by creating a lesion in medial temporal structures at different
points after learning of a novel association, for example (e.g., an association between a
tone and an electrical shock). Lesions made shortly after learning produce a large deficit
in performance; lesions made well after training produce only mild or no disruption
of performance (e.g., Kim & Fanselow, 1992; Takehara, Kawahara, & Kirino, 2003).
Together, the data on temporally graded retrograde amnesia and on anterograde amne-
sia provide strong evidence that to be preserved over the long term, memories must
undergo additional processing for some time after the experience of an event.

What is the nature of the processing that traces of experience must undergo to be
maintained over the long term? There is general consensus that consolidation actu-
ally involves two processes that occur in parallel: (1) stabilization of a memory trace
through formation of associations among the individual elements of experience, and
(2) integration of the memory trace in cortical association areas (e.g., Zola & Squire,
2000). Stabilization of a memory trace begins as inputs from the association areas are
projected to structures in the medial temporal lobes (see Figure 5.4). As noted earlier,
at the time of experience, inputs from different sensory modalities are processed by dif-
ferent association cortices (i.e., unimodal and polymodal association areas). The neural
codes of the representations of these inputs come together in the perirhinal and parahip-
pocampal cortices of the medial temporal lobes. These cortices then relay the informa-
tion to another medial temporal structure, the entorhinal cortex, which in turn relays it
into the hippocampus itself (by way of the dentate gyrus). It is in the hippocampus that
enduring links between the different elements of experience are forged. By way of anal-
ogy, this aspect of the consolidation process is akin to forming a bouquet out of single
cut flowers, with each flower representing an element of experience. A principal role of
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FIGURE 5.4. Schematic representation of the temporal-cortical network implicated in encoding,
consolidation, storage, and retrieval of memories. Adapted from Kandel, Schwartz, and Jessell (2000,
p- 1232) and Zola and Squire (2000, p. 487). Copyright 2000 by the McGraw-Hill Companies and
by Oxford University Press. Reprinted by permission.

the hippocampus is to join the individual stems of experience into a unified bundle (a
single event or episode).

Even as it is being processed in the hippocampus, new information is being associ-
ated with old information in cortical storage areas (note in Figure 5.4 the bidirectional
nature of information flow into and out of the hippocampal formation). The basis for
association is shared elements: A “rose” in the current bundle of “flowers” shares ele-
ments with roses already in storage. As a result, “roses”—those in the current experience
and those stored in memory—are simultaneously activated. Simultaneous activation is
the presumed means by which information comes to be established in cortical areas,
through the mechanism of “synchronous convergence”: Neurons that are repeatedly
activated together tend to become associated. The result is an entire pattern of inter-
connection of new information with old. Throughout the period of consolidation, the
pattern is regularly “refreshed” by additional neural signaling within the hippocampus
and surrounding cortices, and between the medial temporal structures and the associa-
tion areas (depicted by dashed lines at the top of Figure 5.4). Eventually, the connections
between cortical neurons become “cemented,” after which medial temporal activity is
no longer necessary for the continued existence of the representation (Alvarez & Squire,
1994; McClelland, McNaughton, & O’Reilly, 1995).

We may think of the entire consolidation process as analogous to gelatin setting.
At first, gelatin is liquid, and the only way to hold it in one place is with a mold. With
refrigeration, the gelatin hardens to the point that the mold can be removed and the
gelatin will maintain its shape. New memories are like gelatin, the hippocampus is the
mold, and the coordinated processing within the medial temporal lobes (to bind the ele-
ments together) and between the medial temporal structures and the neocortex (to bind



88 BRAIN FUNCTIONING AND LEARNING

new elements to old) is the refrigeration. Once refrigeration (coordinated processing) has
done its work, the mold (hippocampus) is no longer necessary to maintain the integrity
of the gelatin (the memory). Unlike gelatin, which sets in a matter of hours, the process
of consolidation of new memories may require days, weeks, or even years to complete.!

Storage

As just reviewed, consolidation involves establishing memory representations in corti-
cal areas. This process is essential because the cortex, rather than the medial temporal
lobes, is the long-term storage site for explicit memories. The first suggestion that mem-
ories must be stored outside the hippocampus came from evidence of temporally-graded
retrograde amnesia (discussed earlier). That organisms with medial temporal lobe dam-
age have intact memories from the distant past, with impaired memory for more recent
experiences, is strong evidence that after some period of time, memories are no longer
dependent on medial temporal lobe structures.

Neuroimaging studies provide another source of evidence of a time-limited role for
medial temporal structures in memory storage. Petersson, Elfgren, and Ingvar (1997)
found that even over a short time interval, medial temporal lobe activation decreases in
humans as a function of repeated encoding and recall. Conversely, functional connectiv-
ity across cortical areas (as indicated by statistical modeling of fMRI data) increases as a
function of repeated performance of a task (Buichel, Coull, & Friston, 1999). There also
is evidence of lower levels of medial temporal involvement in memories from the remote
relative to the more recent past. For example, Haist, Gore, and Mao (2001) tested 60-
to 70-year-old participants for recognition of the faces of people who had been famous
during different decades, ranging from the 1990s to the 1940s. The results suggested
greater neural activity in the hippocampus in response to faces of people famous in the
1990s relative to faces of people famous in the more distant past.

Finally, consistent with the suggestion that memories eventually are stored in neo-
cortical association areas, it has been found that lesions in such areas impair recall
of information acquired before the damage. For instance, individuals with lesions in
association cortex show impaired long-term memory for familiar objects and faces (e.g.,
Hodges & Patterson, 1995, 1996). Such patients have higher levels of recognition of
names of famous people from the recent relative to the remote past (Hodges & Graham,
1998). This pattern suggests that as long as maintenance of the information is supported
by intact medial temporal structures, memories are accessible. As the responsibility for
storage is given over to cortical structures, however, accessibility is lost (for discussion,
see Mayes, 2000).

Retrieval

The raison d’étre for the consolidation and storage of memories is so that they can be
retrieved at some later time. But just what is retrieval? Joaquin Fuster (1997) suggests
that “retrieval” is, in essence, a reactivation of the neural network that represents the
event. Reactivation occurs because “an internal or external stimulus, whose cortical
representation is part of the network by prior association, will reactivate that represen-
tation and, again by association, the rest of the network” (Fuster, 1997, p. 455). It is
increasingly clear that retrieval of information from long-term stores is accomplished by
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the same circuits that were involved in initial registration of the experience, namely, the
association cortices in general, and the prefrontal cortex in particular. Damage to the
prefrontal cortex disrupts long-term memory retrieval of both post- and premorbidly
experienced facts and episodes (e.g., Janowsky, Shimamura, & Squire, 1989). Prefron-
tal involvement also is implied by neuroimaging studies (fMRI and PET), which reveal
increased activation in prefrontal cortex during memory retrieval. The findings general-
ize across many kinds of retrieval tasks, including auditory and visual stimuli, and recall
and recognition (for a review, see Maguire, 2001).

For Children, Increased Vulnerability and Opportunity during Consolidation

As just described, the process of consolidation takes time. In addition, as illustrated by
the phenomenon of temporally-graded retrograde amnesia, while newly-learned infor-
mation is being consolidated, the information is vulnerable to forgetting. The result is
the opposite of normal forgetting, such that memory for recently learned material is
impaired, relative to memory for information learned long ago. My suggestion that the
period of consolidation may be especially critical for children does not stem from an
assumption that they suffer temporally-graded retrograde amnesia. Rather, it stems from
the expectation that consolidation processes may represent a challenge for the develop-
ing child, due to relative immaturity of the neural structures and network involved in
memory trace construction (for discussion, see Bauer, 2006).

Development of the Temporal-Cortical Network

The period of consolidation may be especially “perilous” for children because the
structures involved in the process—medial temporal and cortical areas—undergo a
protracted course of development. Although we have a great deal to learn about the
development of the structures and connections of the temporal—cortical network that
supports construction and maintenance of memories, critical pieces of information are
in place. They lead to expectations of relations between changes in brain and in behav-
ior throughout childhood.

In terms of brain development in general, there are changes in both gray matter
(neurons) and white matter (myelinated axons) well into adolescence (e.g., Giedd et al.,
1999; Sowell et al., 2004). By S years of age the child’s brain is roughly 90% of adult
volume (Kennedy, Makris, Herbert, Takahashi, & Caviness, 2002), with an additional
5% increase in volume by the end of the second decade (Caviness, Kennedy, Richelme,
Rademacher, & Filipek, 1996). Beyond puberty, gray matter volume actually declines
(Gogtay et al., 2004). In contrast to gray matter, the volume of which changes in a
curvilinear pattern (with overshot of adult levels, followed by reduction), white matter
volume increases linearly with age (Giedd et al., 1999). Increases in white matter volume
are associated with greater connectivity between brain regions and with myelination
processes that continue into young adulthood (e.g., Johnson, 1997; Klingberg, Vaidya,
Gabrielli, Soseley, & Hedehus, 1999; Schneider, II’yasov, Hennig, & Martin, 2004).

In terms of the temporal—cortical memory network, there are documented postna-
tal and, in some cases, protracted developments. In primates, much of the hippocampus
matures early, with adult levels of synapses and glucose use by age 6 months (Seress,



90 BRAIN FUNCTIONING AND LEARNING

2001). Yet there are gradual increases in hippocampal volume into adolescence (e.g.,
Gogtay et al., 2004; Pfluger et al., 1999; Utsunomiya, Takano, Okazaki, & Mistudome,
1999). In dentate gyrus (which links the temporal cortices and hippocampal cell fields;
see Figure 5.4), as many as 30% of the cells proliferate, migrate, and establish connec-
tions postnatally. Whereas much of the work is accomplished by the second year of life
(e.g., the rise to peak numbers of synapses occurs at 8—20 months), there is evidence
that neurogenesis continues throughout childhood and into adulthood (Altman & Das,
1963; for discussion, see Tanapat, Hastings, & Gould, 2001). Functional maturity of
the structure is expected to be reached by 16-20 months of age, coincident with the rise
to peak number of synapses. Full maturity—associated with achievement of the adult
number of synapses—is delayed until at least 4-5 years (for discussion, see Eckenhoff
& Rakic, 1991; Webb, Monk, & Nelson, 2001). Myelination in the hippocampal region
continues throughout childhood and adolescence (Arnold & Trojanowski, 1996; Benes,
Turtle, Khan, & Farol, 1994; Schneider et al., 2004).

In prefrontal cortex, the rise to peak number of synapses occurs at 8—24 months.
Pruning to adult levels does not begin until late childhood, and adult levels are not
reached until late adolescence or even early adulthood (Huttenlocher, 1979; Hutten-
locher & Dabholkar, 1997). As noted, as a result of pruning and other regressive events
(i.e., loss of neurons and axonal branches), by adolescence, there are declines in the
thickness of the cortical mantle (e.g., Giedd et al., 1999; Gogtay et al., 2004; Sowell,
Delis, Stiles, & Jernigan, 2001; for discussion, see Van Petten, 2004). Coincident with
decreases in gray matter volume are increases in connectivity between brain regions
and myelination processes that continue well into adolescence or young adulthood (e.g.,
Johnson, 1997; Klingberg et al., 1999; Schneider et al., 2004). Although there are well-
documented reciprocal connections between the hippocampus and frontal lobes, the
development of these connections has not been fully elucidated (see Barbas, 2000; Fus-
ter, 2002). Finally, not until adolescence do neurotransmitters, such as acetylcholine,
reach adult levels (discussed in Benes, 2001).

Although much of the attention to developmental changes had been focused on the
medial-temporal and prefrontal regions, changes in the lateral temporal and parietal
cortices also likely have implications for memory and its development. Longitudinal
data indicate that the nonlinear changes in cortical gray matter occur earlier in the
frontal and occipital poles, relative to the rest of the cortex, which matures in a parietal-
to-frontal direction. The superior temporal cortex is last to mature (though the temporal
poles mature early; Gogtay et al., 2004). The late development of this portion of cortex
is potentially significant for memory because it is one of the polymodal association areas
that play a role in integration of information across sense modalities.

Implications for Consolidation

The relative immaturity of the structures and connections of the temporal-cortical
network implies that consolidation processes may be less effective and less efficient in
infancy and early childhood in particular. Continued development of cortical associa-
tion areas implies that vulnerability may extend well into adolescence. As a result, even
after successful learning, material remains vulnerable to forgetting. The younger the
child, the more vulnerable the trace. To further complicate matters, there is increasing
evidence that at both the cellular and systems level, memory traces undergo “reconsoli-
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dation”; that is, each time a memory trace is activated, it becomes vulnerable all over
again. There is a “silver lining” though, in that each time a trace is activated, it can be
strengthened, and new elements can be added.

Reconsolidation

The necessity that newly learned material be consolidated for long-term storage, and
the fact that the neural network implicated in consolidation processes has a protracted
course of development, presents challenges for learning and memory in infancy and
childhood. To make matters “even worse,” there is strong evidence at both the cellular
and systems levels that traces undergo “reconsolidation” each time they are reactivated;
that is, each time a stored trace is cued—typically by elements of the present situation
that overlap with elements that are part of the stored trace (cueing may be either inten-
tional or unintentional)—it is reactivated and undergoes consolidation all over again.
The process of reactivation and reconsolidation is a double-edged sword. On the nega-
tive side, each time a memory trace is reconsolidated, it returns to a state of increased
vulnerability (though for a shorter period of time). On the positive side, reconsolidation
affords an opportunity to integrate new learning with old learning. After describing
some of the recent data on reconsolidation at the cellular and systems levels, T discuss
the implications of reconsolidation for learning and memory in development.

Cellular Reconsolidation

There is evidence that the cellular events involved in establishing new long-term mem-
ories are repeated whenever old traces are reactivated. Briefly, long-term storage of
information depends on new protein synthesis, which supports structural changes that
enhance functional connectivity, including changes in the morphology and growth of
new dendritic spines on postsynaptic neurons. This process occurs the first time a mem-
ory is stored, and as suggested by the results of research by Debiec, LeDoux, and Nader
(2002), is repeated when memories are reactivated.

Debiec and colleagues (2002) conditioned rats to expect a shock when placed in a
distinctive context, a type of learning that is known to be dependent on the hippocampus.
Three days after learning, different subgroups of trained rats underwent different treat-
ments. Rats in one subgroup had their memories of the contingency reactivated: They
were placed back in the distinctive context, though no shocks were administered. Rats in
the other subgroup did not have their memories reactivated. Rats in both subgroups then
were injected with anisomycin, a compound known to block the new protein synthesis
necessary for long-term memory. Later the rats were tested for long-term memory of the
contingency by placing them back in the conditioning chamber once again. The rats that
had not had their memories reactivated showed evidence of retention of the conditioned
response. When they were placed in the conditioning chamber they froze, an indication
of fear induced by the distinctive environment. In contrast, the rats whose memories had
been reactivated showed little evidence of memory, as indicated by high mobility and low
freezing. These results strongly suggest that memory traces undergo protein synthesis—
dependent reconsolidation after reactivation. When reactivation occurs, the processes
that originally converted a temporary pattern of activation into an enduring trace must
occur once again. If they are blocked, the memory is, in effect, functionally erased.
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Systems Reconsolidation

As evidenced by the work of Takehara and colleagues (2003; see also Kim & Fanselow,
1992), memories eventually become independent of the hippocampus. Yet the work
of Debiec and colleagues (2002) indicates that hippocampal dependence is reinstated
by reactivation of the memory. Evidence of a return to hippocampal dependence at
the neural systems level comes from another study of contextual fear conditioning. In
this study, Debiec and his colleagues conditioned rats to fear a particular context, then
waited 45 days, to allow the memory to consolidate fully and become independent of
the hippocampus. Half of the rats then had their memories reactivated by reexposure
to the distinctive context. All of the rats then underwent hippocampal surgery. Days
later, the rats were once again placed in the distinctive context and their behavior was
observed. The rats whose memories had not been reactivated exhibited retention of the
contingency, as evidenced by the observation that they spent about half of their time
freezing. In contrast, the rats whose memories had been reactivated before the hip-
pocampal lesion spent only about 10% of their time freezing, suggesting loss of memory
for the contingency. These results indicate that even once memories have been safely
tucked away for long-term storage, when they are reactivated, they are vulnerable all
over again.

Summary and Implications

It is clear that learning and memory are intimately related. Yet learning does not explain
remembering. The fact that these two foundational processes cannot be reduced to one
another is made clear by findings of age-related differences in memory in the face of
equivalent levels of learning. To explain the differences we must consider processes that
take place postlearning. An excellent candidate process is consolidation: the means by
which initially labile memory traces become stabilized and integrated into long-term
storage. Work with animal models makes clear that memory traces are vulnerable
throughout the period of consolidation. In the developing human, consolidation may be
especially perilous because the neural structures implicated in it (medial temporal and
cortical structures) are relatively immature. As a result, newly learned information may
never make it to long-term storage. Further complicating the matter is the apparent fact
that even once they have been successfully stored, memory traces may return to a period
of lability (thus, vulnerability) when they are reactivated by exposure to some element
that cues the stored trace. Whereas consolidation and reconsolidation represent periods
of vulnerability, as outlined in the next section, they also provide an opportunity for
growth and cognitive development.

Capitalizing on Consolidation and Reconsolidation Processes

The phenomenon of consolidation initially was identified as a result of memory failure;
that is, it was hypothesized to account for retroactive interference of one set of to-be-
remembered stimuli with another. Two different types of memory failure—anterograde
and temporally-graded retrograde amnesia—provide additional evidence for the process.
Disruptions of memory also serve as the source of evidence that reactivated memory
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traces undergo reconsolidation. And most of the discussion of the developmental impli-
cations of consolidation and reconsolidation in this chapter has been on the darker side,
emphasizing that newly formed memory traces are vulnerable throughout the period
of consolidation. Is there any hope that understanding these process will do more than
illuminate the potholes in learning and remembering?

The good news is that consolidation and reconsolidation also have a “lighter side.”
In fact, consideration of these processes provides means to understand a number of well-
established phenomena in learning and memory, and includes the following findings: (1)
Memory traces are strengthened with repetition; (2) once established, memory traces
can be embellished or elaborated upon; and (3) memory traces become integrated with
one another, thereby forming a broader or more general base of knowledge. I discuss
each in turn, followed by some suggestions for how we might capitalize on these phe-
nomena to facilitate learning and remembering in the classroom, and what additional
research needs to be done to maximize the potential.

The Possible Engine behind Three Effects

We have long known that repetition facilitates retention. In other words, additional
learning trials can strengthen existing memory traces (see Figure 5.2). In fact, for very
young infants, repetition may be necessary to ensure long-term retention. In a study
in my laboratory, 9-month-olds were exposed to events (e.g., “make a gong”) once,
twice, or three times prior to imposition of a 1-month delay. The infants in the three-
experience condition had higher levels of recall 1 month later relative to infants in the
one- and two-experience groups (which did not differ from one another). In fact, only
infants in the three-experience condition demonstrated memory for the order in which
the events occurred (Bauer, Wiebe, Waters, & Bangston, 2001). The process of con-
solidation provides a neural mechanism for the strengthening of the representation. We
can think of each trial as a “pulse” that keeps the material reverberating through the
medial-temporal system (see Figure 5.4), increasing the likelihood that it will stabilize
and become integrated into long-term storage.

It also is apparent that once established, memory traces can be embellished or
elaborated upon by repeated experience. Evidence of elaboration of an existing trace is
provided in Figure 5.5. In this study, we found that with each additional learning trial,
infants recalled more actions (reflected in Figure 5.5). They also were increasingly accu-
rate in production of the actions in the correct temporal order, thus indicating better
organized memory traces with additional learning trials. The processes of consolidation
and reconsolidation provide a possible neural means by which this is accomplished.
With experience of an event, the process of stabilization of a memory trace begins.
Hours, or days, later the event can be reactivated by a cue; there is no better cue than to
reexperience the same event. Once reactivated, the memory trace is open to incorpora-
tion of new elements, such as an action that was not adequately encoded on an earlier
learning trial, or additional information about the temporal order of actions. Thus, with
each reconsolidation, initially “sparse” memory representations can become augmented
with additional information. The new elements become part of the reconsolidated trace,
leaving it “new and improved,” relative to the original.

The phenomena of consolidation and reconsolidation also provide possible mecha-
nisms by which separate learning episodes can be integrated with one another. Consider
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FIGURE 5.5. The number of actions produced by 16- to 20-month-old infants after one, two, or three
experiences with a sequence. Data from Bauer (unpublished).

that an initial learning episode sets into motion the process of encoding and consolida-
tion. A subsequent episode of a similar—but not identical—kind sets into motion its
own process of encoding and consolidation. Assuming that some elements are shared
between the episodes, a demand for retrieval of either will cause both to be reactivated.
Once activated simultaneously, the two episodes will “intermingle” and be reconsoli-
dated, each embellished by the other.

We are currently in the process of testing this simple model. Children participate in
three interactions with an experimenter. In the first, they learn a novel fact, such as that
“dolphins communicate by clicking and squeaking.” In a separate episode, on a differ-
ent day, they learn that “dolphins live in groups called pods.” Our expectation is that
because the two episodes share mention of the feature “dolphin,” Learning Episode 2
will reactivate Learning Episode 1. As a result, Learning Episode 1 will be strengthened
and also become integrated with Learning Episode 2. We are testing this possibility
through a third interaction, in which children are challenged to answer the question
“How does a pod communicate?” If the separate learning episodes do not become inte-
grated, there is no basis for address of this question, since children are not explicitly
taught that pods communicate by clicking and squeaking. However, if, as expected,
the episodes become integrated through simultaneous activation, then not only will the
children be able to provide an answer to the question but also all three bits of informa-
tion will be strengthened in the process. It is a simple experiment, but one that stands to
make a significant contribution to our understanding of how learning takes place, and
how newly learned information becomes transformed through integration into a larger
knowledge network.

In summary, learning involves storing new facts and experiences, and also relating
them to old facts and experiences. Each time a memory trace is reactivated, it can be
strengthened. Each reactivation also provides an opportunity for new information to be
added to previously acquired knowledge, leaving it “new and improved” relative to the
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original. Once reactivated, a memory trace also is open to linkage or integration with
information already stored in memory, based on shared (or similar) elements that result
in simultaneous activation of memory traces containing them.

Implications for the Classroom

We have much to learn about the processes of consolidation and reconsolidation, espe-
cially in developmental populations. Yet the need for additional research should not stop
us from considering possible classroom implications of what we already know about
these processes. Indeed, articulation of possible implications of these basic memory pro-
cesses for educational settings could help to shape the course of future research, some
suggestions for which I outline in the next section.

As I launch this section, I am painfully aware of the numerous constraints under
which educators, especially in the primary and secondary grades, must operate. The
number of curricular choices that are no longer a matter of choice is staggering, and the
demands are unlikely to recede any time soon. That said, with the processes of consoli-
dation and reconsolidation in mind, there are two basic principles around which cur-
ricula seemingly should be organized to achieve the maximum bang for our educational
buck. In bumper sticker form, the principles are “Repeat, with variation on the theme,”
and “Link early, link often.”

The mandate for repetition comes from what we know about the process of consoli-
dation. To invoke an analogy I used earlier in the chapter, the elements of memory traces
must remain refrigerated long enough for the gelatin to set. But what if our refrigerator
is in a developing country, and electricity to operate it is only available a few hours at
a time? In this case, on the basis of a single bout of refrigeration, only a thin layer may
form on the surface of the mold. For the gelatin to solidify all the way through, we
may need several bouts of refrigeration, distributed over time. So it goes with learning
and memory, especially in the developing brain. A learning episode that seems to have
“taken” may really be only skin deep, such that it cannot endure without reinforcement
(as in Bauer et al., 2001). For the young child, a single learning episode may be sufficient
to give the illusion that the lesson has been learned, but like the gelatin, it loses its integ-
rity quickly (it does not survive consolidation). Reinforcement in the form of repetition
serves to keep the lesson reverberating long enough for consolidation to occur. Varia-
tions on a theme serve to ensure that the resulting memory trace has a strong core, with
multiple different associates.

The mandate for links comes from what we know about the process of reconsoli-
dation. A single learning episode established a trace that is comprised of elements A,
B, and C, for example. A subsequent episode establishes a trace that is comprised of
elements C, D, and E. Establishment of the second trace means that element C is rein-
stated, which simultaneously serves to reinstate elements A and B. The result is that
the links in the original episode are strengthened and linked to the subsequent episode.
By “linking early,” the new associate serves almost as a separate learning trial for the
original trace. By “linking often” the network of associations grows, strengthening and
elaborating along the way.

Though no doubt there are other elements not captured in the equation, the prin-
ciples of “Repeat, with variation on the theme” and “Link early, link often” are con-
sistent with Jerome Bruner’s (1960) conceptualization of a “spiral curriculum.” Bruner



96 BRAIN FUNCTIONING AND LEARNING

suggested that an effective curriculum is one that, as it develops, revisits basic ideas
repeatedly, “building upon them until the student has grasped the full formal apparatus
that goes with them” (p. 13). The curriculum is a spiral (rather than a circle) because
although it exposes students to a concept over and over again, it does not stay at the
same level of complexity or demand over time. Rather, concepts are introduced and
reintroduced, each time in different contexts with different neighbors, and at different
levels of sophistication. Some students may grasp the concept the first time around and
use subsequent “passes” to elaborate on it. For other students, the first pass (or two)
may have little impact, but the concept is revisited, granting them another opportunity.
When activities with similar educational functions are repeated and coordinated with
one another, and when learning experiences in one course or subject matter are coordi-
nated with those in another, the spiral widens. A spiral curriculum seems ideally suited
to reveal the “silver lining” in what might otherwise be the dark cloud of consolidation
and reconsolidation.

Suggestions for Future Research

If we take seriously the educational implications of the processes of consolidation and
reconsolidation, then two research questions need to be addressed in the near term. The
first question concerns the optimal timing of repeated lessons of a similar kind. Ideally,
learning episodes are timed such that they do not interfere with one another (remember
Miiller & Pilzecker, 1900!), but such that the trace from Learning Episode 1 is still max-
imally available, so that upon Learning Episode 2, the first trace is effectively reinstated.
Unfortunately, because the topics of consolidation and reconsolidation have not been at
the forefront of concern in cognitive psychology, we know little about timing or spacing
effects, even in adults. Although we might assume that the amount of time required to
consolidate (or reconsolidate) a memory trace is relatively constant over development,
we actually have very little to go on in making that assumption. Thus, major questions
for research are the timing or spacing of episodes to optimize strengthening, elabora-
tion, and integration of traces based on shared elements—and possible developmental
differences therein.

The second question concerns the levels of similarity of elements that are minimally
necessary and optimal. The benefits of consolidation and reconsolidation for strength-
ening learning and memory will be realized only if the repeated episodes of a similar
kind are indeed perceived as “similar.” In the absence of overlap in features, episodes
will not reinstate one another. There is a long tradition of research in analogical reason-
ing and problem solving (applying a well-known domain of knowledge, the base, to a
lesser known target domain) that makes clear that analogies are facilitated by high sur-
face similarity between the base and the target domain. For example, analogical prob-
lem solving is reasonably successful when 5-year-old children hear a base story about a
Genie who must transport her jewels from her current bottle to a new one (from her cur-
rent “home” to her new “home”) across a barrier (e.g., Brown, Kane, & Echols, 1986).
The Genie succeeds by rolling a piece of paper (her “magic carpet™) into a tube, placing
the tube at the mouth of the new bottle, and rolling the jewels through the tube.

The children are then faced with the problem of an Easter Bunny, who needs to
transport eggs from his basket on one side of a river to a friend’s basket on the other side
of the river. Children are more successful at solving the second task (i.e., suggesting that
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the Easter Bunny roll his blanket into a tube and pass the eggs through it) when both
the surface and the underlying, deep characteristics of the problems are similar (Brown
et al., 1986). Surface similarity is increased by manipulating the elements of the prob-
lems, such as changing the identity of the main characters (so that both are four-legged
animals), the objects to be transported (so that they are from the same category, such as
fruit), or the mode of transportation (both problems can be solved by rolling a piece of
fabric). The deep characteristics are the goals of the problem (i.e., moving small objects
from one location to another), the obstacles that must be overcome (an impassible bar-
rier), and the potential solutions (creating a conduit).

Although the situations are only “analogous,” it is reasonable to hypothesize that
episodes will be successfully reinstated when there is high similarity in the surface fea-
tures between or among the individual episodes. Thus, teaching children that dolphins
communicate by clicking and squeaking, and that dolphins live in groups called pods,
might be more likely to encourage integration of the separate episodes than teaching
them how dolphins communicate and that porpoises live in pods. In the latter case,
the question of how a pod communicates may go unanswered because the amount of
overlap in the traces is not sufficient to cause Learning Episode 1 to be reinstated during
presentation of Learning Episode 2. The amount of overlap in surface and deep features
that is minimally necessary and optimal is an empirical question. It is likely that the
answer will vary as a function of the age of the child, the amount of domain knowledge
the child possesses (i.e., whether the child is aware that dolphins and porpoises are syn-
onymous), and even perhaps as a function of the amount of time or space between learn-
ing episodes (as memory traces begin to fail, more surface similarity might be necessary
for successful reinstatement).

Summary and Conclusions

Learning and remembering are intimately related to one another. We measure learning
by testing remembering; remembering is requisite for a body of knowledge to accrue.
There are many examples in the literature of the influence of domain knowledge on
memory, and of memory on the acquisition of new information. Yet although the pro-
cesses are “siblings,” they are not identical twins. We have learned many things that
we no longer remember; we remember things that we have no idea how we learned. My
major purpose in this chapter was to consider the implications for new learning and the
growth of knowledge of memory processes that take place “behind the scenes,” after a
learning episode or experience has taken place.

The process of forming a new memory—and thus of acquiring new information—
involves several steps, beginning with initial registration of the information across dis-
tributed cortical regions. For the event or experience to live on beyond the immediate
present, the initially labile representation of the experience must be stabilized, and the
resulting trace must be integrated with information already in storage. Retrieval of a
stored memory trace occurs when an internal or external stimulus that shares elements
with the trace reactivates it. Every act of retrieval is an opportunity to strengthen and
elaborate upon the original trace, and also to create new linkages between it and other
traces with elements in common. Thus, every act of retrieval of previously stored infor-
mation is an opportunity to solidify and expand the knowledge base.
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The means by which memory traces are born and develop, and the processes that
take place each time they are retrieved or reactivated, have implications for learning and
memory in the classroom. In sound-bite terms, they suggest that educators “Repeat,
with variation on the theme” and “Link early, link often.” These mandates stem from
what we know about the processes of consolidation and reconsolidation, and the devel-
opmental status of the neural structures and network that subserves them. Even for the
young child, a single lesson or learning episode may be sufficient to support retention
over the short term. However, essential elements of the representation likely will be lost
as the trace undergoes consolidation. Reinforcement in the form of repetition serves to
keep the lesson-related trace alive long enough for it to be successfully consolidated and
integrated with existing knowledge. Variations on the lesson theme serve to increase
the number of associations to the trace and thus the number of routes to retrieval (and
reactivation) of it. The mandate for links stems from the observation that shared ele-
ments—and their associates—are strengthened each time they are activated. Thus, a
new association that shares elements with an old one strengthens the original trace in
much the same manner as an additional learning trial. By “linking often” the network
of associations grows, strengthening and elaborating along the way.

The principles of “Repeat, with variation on the theme” and “Link early, link
often” are consistent with conceptualization of spiral curricula (Bruner, 1960). In such
curricula, students are introduced and reintroduced to key concepts, in different con-
texts and at different levels of sophistication. When learning experiences in one course
or subject matter are coordinated with those in another, the spiral widens, providing a
firm foundation for continued learning and expansion. Spiral curricula have potential
for students of all ages, from those in kindergarten to those in graduate school. They
can be used for the full range of subjects, from beginning concepts in mathematics to
engineering and medical training (Bruner, 1992).

Optimization of the potential of consideration of basic memory and neural pro-
cesses for enhancing educational practice will require us to address a number of ques-
tions. One question for future research is the optimal timing and spacing for repetition
of lessons and concepts. Because the processes of consolidation and reconsolidation
have not been a central focus in cognitive or developmental psychology, we know little
about the timing of them in adults or children. A second question is the level of similar-
ity of elements that is minimally necessary and optimal to ensure that separate episodes,
perhaps experienced in different contexts, serve to strengthen and enhance one another.
No doubt the answers to both of these questions will be different for younger and older
children, and for students with different levels of expertise in a domain. Thus, we have
much ground to cover. Fortunately, addressing these questions provides an excellent
opportunity for collaboration across the aisles of basic and applied research because
answers to them will further both agendas.

Note

1. Discussion of the specific cellular and molecular events that accomplish the “linkage” of ele-
ments to one another is beyond the scope of this chapter. See, for example, Eichenbaum and
Cohen (2001) and Kandel, Schwartz, and Jessell (2000) for reviews.
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hildren’s abilities to remember their past experiences and to plan deliberately for

later assessments of memory are central to successful school performance (Ornstein,
Coffman, Grammer, San Souci, & McCall, in press; Ornstein & Haden, 2001). As
such, studies of the development of memory are of critical importance for understand-
ing children’s learning in school and for the generation of instructional strategies that
will maximize their achievement in the classroom. The research on children’s memory
reported here is directly relevant to these issues because it contributes to our under-
standing of the mnemonic skills of both preschool and elementary school children, and
examines factors in the social context that influence age-related changes in these com-
petencies. In an effort to address both of these issues, we make use of tasks drawn from
the information-processing tradition to characterize children’s skills, and we draw upon
social constructivist approaches to examine social interchanges—in the form of parent—
child and teacher—child conversation—that we feel are associated with developmental
changes in mnemonic skill (Ornstein & Haden, 2001).

As will be seen, our research program is based on a commitment to a set of assump-
tions about the nature of both memory and development (Ornstein, Haden, & Elis-
chberger, 2006; Ornstein, Haden, & San Souci, 2008). We accept the basic utility of
characterizing remembering in terms of the interrelated processes that are involved in
the encoding, storage, retrieval, and reporting of information, and we apply a develop-
mental perspective to understanding these processes. To illustrate, we see the encoding
of information as being driven by the activities in which a child is engaged as an event
is experienced or a set of materials is being studied for a subsequent test of memory.
Attentional focus—whether achieved by visual examination, physical manipulation, or
linguistic means—serves to highlight some of the features of the event/materials being
remembered and, accordingly, to facilitate encoding and the establishment of represen-
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tations in memory. Information from these representations, moreover, must be retrieved
and reported when remembering is requested, and these operations are governed by
both the deployment of effective search routines and the knowledge of appropriate nar-
rative conventions.

Given our theoretical orientation, we are particularly interested in factors that
govern developmental changes in the encoding, retrieval, and reporting of information
(Ornstein et al., 2006, 2008). In terms of preschoolers’ encoding, we focus on child
and maternal behaviors that regulate understanding of ongoing activities and interac-
tion with to-be-remembered materials, and hence can influence the establishment of
coherent representations. We see mother—child conversations about events and activities
that are to be remembered as potential opportunities for children to gain experience in
retrieving information from memory and using language for reporting the past, and for
the acquisition of some general principles regarding retrieval and reporting. Extending
our work to the elementary school years, we examine the role of the classroom con-
text in supporting the emergence and refinement of deliberate strategies for remember-
ing, such as rehearsal, organization, and study skills. Although teachers do not provide
direct instruction in these techniques for remembering, they nonetheless differ markedly
in the memory-relevant language they use in the course of instruction, and we focus on
the implications of teachers’ “mnemonic style” for the children’s developing repertoires
of skills.

This research perspective has led to the design of two longitudinal investigations,
one focusing on children’s developing memory for events in the preschool years, and the
other dealing with parallel changes in children’s deliberate memory skills in the elemen-
tary school years (Coffman, Ornstein, McCall, & Curran, 2008; Ornstein, Haden, &
Hedrick, 2004). In both investigations there is a commitment to the exploration of social
factors—such as interactions with parents and teachers—that are associated with devel-
opmental changes in children’s abilities to remember. However, it should be noted that
we feel strongly that as important as longitudinal work is for documenting developmen-
tal changes in skill within individual children and examining the impact of adult—child
conversation on these developmental patterns, it is only the starting point for a thorough
developmental analysis of children’s memory. As such, we emphasize the importance of
linking our observational methods with experimental procedures in which the nature of
adult—child social interaction is brought under experimental control, so that presumed
causal connections can be evaluated and potential intervention studies launched (see,
e.g., Boland, Haden, & Ornstein, 2003; Ornstein & Haden, 2001).

In this chapter we discuss our work in the context of the extant literature on the
factors associated with children’s developing repertoires of mnemonic skills. We first
examine linkages between adult—child social interaction in the home and children’s
reports of events they have experienced, and then turn to the classroom, focusing on
associations between teachers’ “mnemonic styles” and children’s deliberate skills for
remembering.

The Impact of Mother—Child Conversation as Events Unfold

Parent—child conversation has been widely discussed in the literature as one potential
mediator of change in young children’s autobiographical memory skills. Consider, for
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example, investigations that examine the role of verbal exchanges between mothers and
children as they discuss shared experiences. Findings from studies focusing on mother—
child dyads have demonstrated that maternal conversational style when talking about
recently experienced, shared events has been linked to children’s independent skills for
remembering (e.g., Fivush, Haden, & Reese, 2006). For example, children of “high-
elaborative” mothers exhibit elevated recall in comparison with peers whose mothers
make use of a “low-elaborative” conversational style. Moreover, longitudinal work
reveals that these differences in remembering are associated with differences in later
independent recall, suggesting that the high-elaborative conversations may facilitate the
development of generalized skills for remembering. In addition, a growing parallel line
of work focusing on parent—child interactions as events unfold suggests that these con-
versations affect how children understand and represent experiences (e.g., Ornstein et
al., 2004).

In this section, we present a brief summary of two studies that illustrate the impact
of mother—child conversations as events unfold on children’s subsequent reports of these
experiences. To illustrate the paradigm that we employ to explore potential linkages
between parental conversational style and children’s remembering, we consider first a
short-term longitudinal investigation in which young children took part in three spe-
cially constructed “adventures” with their mothers when they were 2% to 3% years of
age (Haden, Ornstein, Eckerman, & Didow, 2001). We then turn to data from a larger
longitudinal investigation, our Developmental Pathways to Skilled Remembering proj-
ect, to provide a more in-depth analysis of linkages between aspects of parent—child
conversation and children’s subsequent memory performance.

Haden and colleagues (2001) arranged for mother—child dyads to experience three
unique events when the children were 30, 36, and 42 months of age: a camping out-
ing, a birdwatching activity, and the opening of an ice-cream shop, respectively. These
activities took place in the living rooms of the participating families, with the aid of
props that the researchers provided. For example, the mothers and their children were
given (1) backpacks, fishing equipment, and play food for grilling during the camping
trip; (2) binoculars, a tree full of stuffed birds, and worms and other food in the bird-
watching adventure; and (3) an ice-cream stand, with scoops and serving dishes, in the
ice-cream shop event. These three events were created to provide mothers and children
with novel experiences that would be fun and engaging, and also prompt conversation;
the mother—child interactions were videotaped for subsequent analysis. Observations of
the video records focused on the types of verbal and nonverbal interactions that mothers
and children had as the events unfolded with the specific features of each activity (e.g.,
backpacks in the camping adventure). Of particular interest was whether each compo-
nent feature of the activities was talked about, on the one hand, or handled physically
(e.g., manipulated, touched) by the mother, the child, or both participants, on the other
hand, and whether these patterns of interaction were related to later recall of the fea-
tures, assessed after delays of 1 day and 3 weeks.

Haden and colleagues’ (2001) basic findings are depicted in Figure 6.1, which dis-
plays for each event the percentage of features recalled that had been jointly handled
and jointly discussed, jointly handled and talked about only by the mother, and jointly
handled and not discussed. Inspection of Figure 6.1 indicates a dramatic effect of joint
talk as the events unfolded on the information that children provided in response to
open-ended questions of the interviewers. As can be seen, those features of the activities
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FIGURE 6.1. Percentage of features recalled in response to open-ended questions of those jointly
handled during the camp, birdwatching, and ice-cream events.

that were handled and discussed by both mother and child than those that were handled
jointly but talked about only by the mother, which, in turn, were better recalled than
those not discussed. This pattern was observed at both memory interviews for each of
the activities, with some indication of a drop in recall over the 3-week delay interval for
features that had been jointly handled but only discussed by the mother.

The findings of Haden and colleagues’ (2001) preliminary study indicate clearly
that the nature of mother—child interaction as an experience takes place is associated
with differences in children’s later reports of that experience. Further evidence of the
importance of these interactions can be seen in the findings of our larger-scale Pathways
study, in which we tracked two cohorts of children—one enrolled in the longitudinal
investigation at 18 months and the other at 36 months of age—through the transition to
school. In this study (see Ornstein et al., 2004), we employed a wide battery of measures
to assess participating children on a range of indicators, including event and deliberate
memory performance and language skills. The same camping and birdwatching events
described earlier were a part of this battery, and Hedrick, San Souci, Haden, and Orn-



Learning to Remember 107

stein (in press) observed the joint verbal exchanges of 89 mother—child dyads as they
took part in these novel adventures when the children were 36 and 42 months of age.

Based on these observations, Hedrick, San Souci, and their colleagues (in press)
were able to characterize the conversations of the dyads as either high or low in “joint
talk,” which they defined according to the number of instances in which a mother used
open-ended questions (who, what, where, when, why, or how) to ask her child for new
information, and her child’s responses. Within the sample, 36 high joint talk dyads were
identified as those in which the children were more likely to respond correctly to the
open-ended questions and less likely not to respond to these questions. The remaining
53 mother—child pairs were classified as low joint talk dyads because they had lower
proportions of correct responses to the mothers’ open-ended Wh- questions, coupled
with higher proportions of mothers” Wh- questions to which children did not respond
at all. To illustrate these two types of conversation, we present in Table 6.1 examples of
two dyads that took part in the birdwatching adventure.

As can be seen in these exchanges, the high joint talk dyad is characterized by
instances in which the mother asks open-ended questions and her child accurately
responds, whereas the child responds less frequently to her open-ended questions in the
low joint talk dyad. To explore the extent to which these differences in interactional
style were associated with differences in recall, the children’s reports were obtained at
1 day and at 3 weeks. In contrast to the analyses carried out by Haden and colleagues
(2001), in which the children’s recall was evaluated for specific groups of features that
had been engaged in different ways (e.g., joint conversation), Hedrick, San Souci, and
colleagues (in press) carried out separate analyses of the children’s recall of features and

TABLE 6.1. Sample Dyadic Exchanges during the Birdwatching Adventure

High-joint-talk dyad

Low-joint-talk dyad

As the mother and child begin their birdwatching
adventure, the mother points toward an egg that
she sees, and says:

M: Hey, what do you see down here?
C: An egg.

M: An egg, that’s right. Does that mean maybe a
bird was close by?

C: Yeah.

M: What else do you see around that might show
that a bird is around?

C: That (pointing to feather).

M: Oh, what do you see? Do you want to go get it?
C: Yeah. Come.

The child walks across room and picks up a
feather, then finds a stuffed bird, and the mother
follows.

M: Which bird is that, do you remember?

C: A bluejay.

M: A bluejay, exactly. Good! Let’s see what else
we see.

In this example, the mother and child have just
found a stuffed eagle, and are on the hunt for new
birds to add into their bag as they walk along the
trail. As the mother holds up the stuffed eagle, she
says:

M: That’s an eagle. Look, he’s got long wings.
That’s an eagle with a white head. Want to put
him in the bag too?

C: Uh huh.
M: We’re finding lots of birds aren’t we!
C: Yeah.

M: Shove him in the bag. That’s good. You found
another one, didn’t you? What is it?

The child does not respond. The mother picks up
the guide book.

M: Let’s look through the book and see if we can
figure out which one this is. Is that it?

C: No.
M: It’s a duck. What do ducks say?
C: Quack, quack, quack.
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FIGURE 6.2. Children’s event elaborations at 36 and 42 months as a function of dyadic style.

their recall of event elaborations (e.g., “The backpack was red” and “The fish was big”).
Consistent with expectation, the children in the high joint talk dyads reported more
features than did their peers in the low joint talk dyads. They also produced more event
elaborations than did their peers in the low joint talk dyads, as can be seen in Figure 6.2.
Indeed, at both the 36- and 42-month assessments, the children in the high joint talk
dyads produced more event elaborations than did their peers after delays of 1 day and
3 weeks. These results provide additional evidence about the importance of enriched
conversational interactions as events are jointly experienced for children’s subsequent
remembering.

Experimental Manipulations of Mother—Child Conversation

The two studies just described illustrate the naturally occurring associations between
mother—child exchanges and children’s memory performance. Haden and colleagues
(2001) have shown that even when both members of a dyad attend to a given feature of
an unfolding event (as assessed by joint manipulation), joint conversation about that fea-
ture is associated with greater recall than is the case when only the mother talks about
it. Moreover, Hedrick, San Souci, and colleagues (in press) have demonstrated that
dyads differ in the extent to which they communicate with each other as events unfold
and high joint talk—defined in terms of maternal questioning and child responding—
facilitates recall. To be sure, these investigations illustrate the ways in which social
interaction is associated with children’s enhanced memory performance, but we must
emphasize that the linkages that have been observed are correlational in nature. To
make causal statements about the presumed impact of joint conversation, it is neces-
sary to carry out experimental studies in which the conversations to which children are
exposed are manipulated. We turn now to a treatment of two such experiments, each
of which provides support for the causal connections between conversational style and
remembering.

In the first of these studies, Boland and colleagues (2003) trained a group of mothers
in the use of four specific conversational techniques designed to enhance their children’s
understanding of the camping event discussed earlier. Each mother was asked to use: (1)
wh- questions to elicit her child’s linguistic participation in the activity, (2) associations
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to relate that which was being experienced to what her child already knew, (3) follow-
ins that encouraged discussion of aspects of the event in which her child showed interest,
and (4) positive evaluations to praise her child’s verbal and nonverbal contributions to
the interaction. After the mothers were instructed in the use of these techniques, they
interacted with their children as they took part in the camping “adventure.” Another
group of mothers did not receive the training in conversational style prior to experienc-
ing the camping event with their children.

Boland and her colleagues (2003) were interested in two things. First, would the
mothers who received the training actually incorporate the suggested conversational
techniques into their discussions with their children? And second, would the children of
the trained mothers evidence enhanced recall? Both of these questions can be answered
in the affirmative. Figure 6.3 indicates that the mothers who received the training made
greater use of the targeted conversational techniques on the camping adventure with
their children than did the mothers in the untrained group. Moreover, Figure 6.4 indi-
cates that the children of the trained mothers recalled more information about the camp-
ing event than did children of untrained mothers when they were assessed both 1 day
and 3 weeks after the activity. Indeed, as can be seen in Figure 6.4, children of trained
mothers not only recalled more features of the event but also provided more elaborated
accounts of their experiences.

Boland and colleagues (2003) demonstrated clear causal linkages between the
nature of mother—child conversation as events unfold and children’s subsequent memory
performance. However, as suggested earlier, a rich literature—composed of both longi-
tudinal/observational and experimental/training studies—attests to the importance of
maternal conversational style during conversations about the past (e.g., Bauer & Burch,
2004; Fivush et al., 2006; Peterson, Jesso, & McCabe, 1999; Reese, Haden, & Fivush,
1993). Given that children are naturally exposed to conversation with their parents both
during and after events have taken place, it becomes important to examine the com-
bined effects of conversations about the present and past on memory performance, and
we present here a study in which Hedrick, Haden, and Ornstein (in press) manipulated
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elaborative style during an ongoing event and in postevent conversations (see McGuigan
& Salmon, 2004, 2005).

The children who took part in Hedrick, Haden, and Ornstein’s (in press) study
experienced the camping adventure with a researcher (not a parent), then discussed the
event a day later with another researcher, and finally, after a delay of 3 weeks, provided
an account of what they could remember. The researchers’ conversations with the chil-
dren both during and after the camping event were manipulated experimentally to be
either elaborative or nonelaborative, as described below, but the delayed memory assess-
ment was carried out with our standard, neutral interview.

One-half of the 4-year-olds in the Hedrick, Haden, and Ornstein (in press) study
were assigned to a high elaborative event talk condition in which the experimenter
asked Wh- questions requesting information, made associations between the camping
activity and what the child might already know or have previously experienced, and
offered positive evaluations that directly praised the child’s behaviors and verbaliza-
tions. In contrast, the other children were assigned to a low elaborative event talk condi-
tion in which the researcher used repetitive comments that did not add new information
to the conversation, asked basic yes—no questions (e.g., “Do you want to carry this?”),
and offered very general evaluative comments (e.g., “Cool,” “Neat”). The children were
then exposed to one of two contrasting types of a memory conversation on the day after
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the camping event. After prompting the participants to provide information about the
camping event (“Tell me what you did on your camping adventure”), the researcher
used an elaborative reminiscing style in conversations with half of the children and
a nonelaborative style in conversations with the other children. More specifically, the
researcher evaluated positively the responses of the children in the high elaborative
memory conversation condition, provided them with scripted new details about the
event, and requested new information by posing additional follow-up Wh- questions. In
contrast, the researcher confirmed the memory information provided by the children in
the low elaborative memory conversation condition and followed up with yes—no ques-
tions and repetitions of the same general request for more information (e.g., “Cool! Tell
me more”), but did not provide any additional details about the event.

Thus, the four groups of children varied in their exposure to high elaborative con-
versation about the camping adventure: One group experienced both the event and the
postevent conversation with an elaborative experimenter, another group participated
in both, with a nonelaborative experimenter; and the two remaining groups had one
elaborative and one nonelaborative experience. Importantly, the nature of the conver-
sation both during and after the event impacted the children’s reports when they were
interviewed in a neutral fashion after 3 weeks. Indeed, as can be seen in Figure 6.5, the
children in the high elaborative event talk condition recalled more items and provided
more elaborative details about their experience than did those in the low elaborative
event talk condition. In addition, when examining the combined impact of elaborative
talk, both during and after the event, there was some evidence to suggest that the effects
of elaborative talk may be additive. It appears that children exposed to an elaborative
conversational style during the event and in the subsequent conversation remembered
more than did those in any other group; moreover, those participants who had one
elaborative experience—either during the event or in the conversation a day later—
outperformed peers who had only been exposed to a nonelaborative conversation. These
findings emphasize the impact of elaborative conversational exchanges on enhancing
memory performance.

Children’s Deliberate Memory Strategies:
The Impact of Teachers’ Memory-Relevant Language

Given the impact of mother—child conversations on preschoolers’ memory skills, the
notion that parent talk about an event can influence children’s remembering suggests
that teacher talk may also be relevant for the development of early memory skills.
Indeed, generalizing on the basis of studies of children’s event memory that suggest that
preschoolers learn general skills for talking about the past in the context of elaborative
parent—child conversations (e.g., Reese et al., 1993), it seems likely that older children
acquire deliberate strategies for remembering in the social context of the elementary
school classroom. Although we know less about factors that influence the development
of children’s deliberate strategies for remembering, such as rehearsal (e.g., Ornstein &
Naus, 1978), organization (e.g., Lange, 1978), and elaboration (e.g., Rohwer, 1973),
it is apparent from a wide body of literature that children become more proficient in
the use of these mnemonic strategies over the elementary years (Kail & Hagen, 1977;
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FIGURE 6.5. Children’s recall of features and event elaborations during the neutral interview as a
function of event talk and memory conversation.

Schneider & Bjorklund, 1998). With an increase in age there is a very systematic transi-
tion from relatively passive to more active techniques of remembering in tasks involving
deliberate memorization of words or pictures, and these strategies are linked clearly
to success in remembering (Schneider & Bjorklund, 1998). Thus, given the substantial
growth in children’s repertoires of mnemonic strategies during the elementary school
years, it seems likely that these accomplishments are influenced by interactions with
teachers in the school setting that are analogous to elaborative parent—child conversa-
tions.

The Importance of the School Context
for Understanding Children’s Memory Development

Support for this perspective can be seen in a number of lines of work that point to the
potential impact of formal schooling on the development of memory strategies (e.g.,
Moely et al., 1992; Morrison, Smith, & Dow-Ehrensberger, 1995; Wagner, 1978). To
illustrate, consider a series of comparative-cultural explorations of the cognitive skills
of children who differed in terms of whether they had or had not attended Western-
style schools. Conducted in countries such as Liberia (Scribner & Cole, 1978), Mexico
(Rogoff, 1981), and Morocco (Wagner, 1978), these investigations revealed that chil-
dren who attended school demonstrated superiority in the memory skills that have typi-
cally been studied by Western psychologists. Although it is important to point out that
these findings do not suggest in any way that “schooled” children outperform their
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“unschooled” peers on everyday memory tasks that are embedded in activities central
to their cultures, the findings do indicate that something in the formal school context
most likely is related to the children’s deliberate memory performance.

Additional support for the view that formal schooling is important for the devel-
opment of mnemonic skills comes from the work of Morrison and his colleagues (e.g.,
Christian, Bachman, & Morrison, 2001), who examined the influence of the elementary
school classroom on aspects (e.g., reading, memory) of children’s cognitive develop-
ment. This research complements the cross-cultural work, and suggests more precisely
that the first-grade experience is particularly important for the development of chil-
dren’s memory skills (Morrison et al., 1995). Capitalizing on a mandated school entry
date, Morrison and his colleagues studied two groups of children who were close in age
but differed in their grade in school. More specifically, their participants were students
who had either just made the cutoff for school entry and thus were old enough to be in
the first grade (“young” first-graders), or had just missed the date and therefore were the
same age but enrolled in kindergarten classrooms (“old” kindergartners). Taking perfor-
mance at the start of the school year as a baseline, the first-graders evidenced substantial
improvement in their memory skills over the course of the year. In contrast, the perfor-
mance of the older kindergartners did not change over the year, although improvement
was noted the next year, following the children’s experience in the first grade. These
findings imply that something in the first-grade context is supportive of the development
of children’s deliberate memory skills.

Given that schooling is identified as a potential facilitator of developmental change
in mnemonic skill, what is it about the classroom context that is important? As a result
of extensive observations in elementary school classrooms, Moely and her colleagues
(1992) identified specific aspects of classroom instruction that they thought might be
important for children’s mnemonic growth. They focused on instances in which teachers
provided general information about cognitive processes or gave specific strategy sugges-
tions. Although Moely and colleagues found that explicit instruction in the use of strate-
gies was quite rare, they were nonetheless able to group first-, second-, and third-grade
teachers on the basis of the amount of strategy suggestion they provided in the course of
their teaching. Importantly, the children in the first-grade classes of teachers who pro-
vided more suggestions about strategy use in their lessons were more likely to generate
organizational strategies spontaneously in recall tasks than were children whose teach-
ers gave fewer strategy suggestions. This differentiation in strategy usage was not found
among second- and third-grade children of high versus low strategy teachers.

The teachers in the Moely and colleagues (1992) investigation did not invest a great
deal of time on instruction in deliberate memory techniques, but when they did so, at
least in the first grade, it seemed to be associated with children’s use of strategies for
remembering. Moreover, teachers at all grade levels reported that memory played a
central role in their classrooms. In a similar fashion, the teachers with whom we have
worked have indicated that memory is essential to many of the tasks in which children
are engaged in the classroom (see, e.g., Ornstein, Coffman, & Grammer, 2007). Con-
sider a few sample responses from first-grade teachers with whom we have worked:

e “Children use their memory to recall information that relates to social and aca-
demic progress. ... They are constantly using their memory to retrieve this infor-
mation.”
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e “We are constantly building on previous experiences to learn new skills. The
children must be able to retain information from the past in order to associate
new material.”

e “Whether we are working on math with facts or literacy, memory plays a vital
role. As a teacher I am continuously calling on my students to recall information
and to relate learned information to newly introduced facts.”

Linking the Classroom Context and Children’s Memory Performance

We therefore arrive at something of a paradox. The comparative cultural literature
(e.g., Wagner, 1978) suggests that deliberate memory strategies emerge in the context of
the classroom, and interviews with teachers and administrators (Coffman et al., 2008;
Moely et al., 1992) indicate clearly that memory is important for success in school.
However, the findings of Moely and her colleagues (1992; see also Mercer, 1996) indi-
cate clearly that strategy instruction in the classroom is relatively infrequent, although
when it does takes place it seems to have an impact on children’s developing skills.
But if the classroom setting is important for children’s strategy development, and if
instruction in mnemonic techniques is rare, then just what are teachers doing that is
associated with the emergence and refinement of children’s skills? In an effort to inves-
tigate this critical issue, we decided to launch an investigation of aspects of teachers’
instructional styles that we thought might have implications for the development of chil-
dren’s memory skills. We were particularly interested in broadening the focus to include
teachers’ expectations for remembering (i.e., the “memory demands,” both implied and
expressed, that may be woven into lessons, as well as the extent to which teachers either
provided or solicited metacognitive information from their students).

With these goals in mind, our research team conducted a longitudinal study that
was aimed at tracing children’s developing memory skills across the elementary school
years, while simultaneously making in-depth observations of the participants’ teachers
as they provided instruction. Beginning in the first grade, we assessed the children’s
memory skills with a multitask battery and used two parallel coding systems to charac-
terize each teacher’s instructional style during 2 hours of instruction, one in language
arts and the other in mathematics. We developed the Taxonomy of Teacher Behaviors to
describe the nature of instruction, primarily on the basis of classifying teachers’ in-class
conversations into four categories: those having to do with instruction; those reflecting
“cognitive structuring activities” (encouraging children to engage the materials in ways
that are known to facilitate encoding and retrieval of information); those involving
memory requests (asking students to retrieve information already acquired or to pre-
pare for future activities); and those providing metacognitive information (providing or
soliciting information that might facilitate performance on a range of cognitive tasks in
the classroom). Furthermore, we supplemented the Taxonomy with a Narrative Coding
System that yielded a detailed contextual narrative of each lesson, including descrip-
tions of the content, the dominant teacher and child activities, and the children’s verbal
responses, to enable us to make judgments about the nature of the memory “demands”
or goals, both implied and deliberate, that the teachers were communicating to their stu-
dents. Moreover, on the basis of these two systems, we were able to develop a measure
of each teacher’s mnemonic style or orientation.
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Characterizing the Classroom Context

Using the Taxonomy and the Narrative Coding System, two researchers observed 2
hours of instruction in each participating classroom. The first observer used the Tax-
onomy to make judgments every 30 seconds, while the second observer prepared the
narrative of each lesson as it unfolded. Although, taken together, the coding systems
enable us to capture many features of classroom instruction that are likely important for
the development of children’s mnemonic skills, we (see Coffman et al., 2008) focused
on the construction of an index of teachers’ “mnemonic orientation” that was based on
a subset of component codes. As indicated in Table 6.2, this composite index was based
on a consideration of teachers’ strategy suggestions and metacognitive questions (even
though these are relatively low-frequency activities), and on the occurrence of deliberate
memory demands in the context of (1) instructional activities, (2) cognitive structuring
activities, and (3) the provision of metacognitive information. The selection of these
activities for the index was based primarily on their presumed role in memory and
its development. Thus, for example, cognitive structuring activities affect the depth to
which information is processed (Craik & Lockhart, 1972), whereas memory requests,
and the provision of strategy suggestions and metacognitive information, impact encod-
ing, retrieval, or both (Schneider & Pressley, 1997).

To illustrate these two different styles of engagement in the classroom, in Tables
6.3 and 6.4, we provide four excerpts from first-grade classroom instruction, two from
high-mnemonic teachers and two from low-mnemonic teachers. As can be seen in Table
6.3, “high-mnemonic” in contrast to “low-mnemonic” instruction in language arts
and mathematics is characterized by more instances of the memory-relevant language
described earlier, such as asking children whether a word selection makes sense or elicit-
ing a specific strategy for answering a mathematics problem. Alternatively, as can be seen
in the next two lesson excerpts in Table 6.4, the “low-mnemonic” instruction is charac-
terized by fewer instances of memory-relevant language. The teachers are still engaging
the students in the topics being discussed, although, in contrast to the high-mnemonic
teachers illustrated earlier, they pose more basic questions, focus less on strategy use,
and do not emphasize understanding why a specific answer may be correct.

TABLE 6.2. Teacher-Relevant “Talk”: Component Codes in Teacher Measure

Individual taxonomy codes Definitions

Strategy suggestions Recommending that a child adopt a method or procedure for
remembering or processing information.

Metacognitive questions Requesting that a child provide a potential strategy, a utilized strategy,
or a rationale for a strategy he or she has indicated using.

Co-occurring codes Definitions

Deliberate memory demands Intervals that contain both requests for information from memory and
and instructional activities the presentation of instructional information by the teacher.
Deliberate memory demands Intervals that contain both requests for information from memory and
and cognitive structuring teacher instruction that could impact the encoding and retrieval of
activities information, such as focusing attention or organizing material.
Deliberate memory demands Intervals that contain both requests for information from memory and

and metacognitive information the provision or solicitation of metacognitive information.
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TABLE 6.3. Sample Instruction from High-Mnemonic Classrooms in Language Arts and Mathematics

High-mnemonic language arts example

High-mnemonic math example

In this example, a first-grade teacher is leading
students in a word game, in which students have
been asked to guess the words that are covered
up in several sentences. She wants them to use
the context of the surrounding words to make
informed guesses as to what the covered word
could be. As the teacher pulls the names of
students out of her “magic bag,” she asks each
one to provide a word that will make sense in
the sentence and that follows the theme of In My
Classroom.

T: Let’s see if you guys can help me figure out what
the covered up word is. ... So let’s see, let’s
choose four words for each sentence, and see if
you guys can make it make sense because this is
why we learn to read. These words have to make
sense or they don’t mean anything to us. So let’s
read it together.

All: On the teacher’s desk, there are ...

T: OK, what could be on the teacher’s desk?
Just look back there and see what’s back
there. Look, what could be back there on that
teacher’s desk?

S1: Pencils.

T: Pencils! Ok, on the teacher’s desk, there are
pencils. P-E-N-C-I-L-S. Does that make sense
in the sentence? Let’s see if it makes sense.

The teacher and students all read the sentence
again together.

All: On the teacher’s desk, there are pencils.
T: Would that make sense?
Students: Yes!

The teacher is standing in front of the chalkboard
teaching a lesson about place value and how
numbers can be demonstrated visually using tally
marks. On the overhead are math manipulatives
(rods and squares, where the rods equal 10 and
the squares equal 1). She tells the class that each
individual tally mark equals 1, and each “box”
of tally marks equals 5. There is a student at the
overhead demonstrating how to write a number
using 10’s and 1’s. The teacher asks the class
whether the student will need to make another
“box” to complete the number.

T: And each box is worth how much?
S1: Five.

T: Five, so each tally mark is worth one, each
box is worth five. And she’s doing a wonderful
strategy of putting the amount underneath,
counting by fives. Five, 10, 15, and now she’s
going to add the rest. Will she make another
box?

S2: No.

T: No, she does not have enough to make a box,
but she has her amount. Beautiful! That’s how
your tally boxes should look for that number.
Five, 10, 15, and then 16, 17. (The teacher is
showing the students each box/tally on the
board as she calls out the numbers.) Who will
take a risk, and show us that number using
place values?

The students raise their hands. The teacher looks
around and calls on a student, and he comes up to
the overbead.

T: You have two choices. You can use the overhead
rods if you'd like, or you can draw them if youd
like. What’s a good strategy to do with the
number 17 before he even starts with the place
values? Is there a good strategy?

S3: Yes.
T: Yes. What’s a good strategy?
S3: You ... do the 10’s and then the 1’s.
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TABLE 6.4. Sample Instruction from Low-Mnemonic Classrooms in Language Arts

and Mathematics

Low-mnemonic language arts example

Low-mnemonic math example

In this example, a teacher is leading students in
a lesson in which she is asking them to assist her
in making sentences on the board. As the teacher
writes sentences on the board she intentionally
leaves out letters for the students to fill in.

T: OK, let’s see. Last October, ws my birthday. i
had so much fn. What’s wrong?

S1: There should be a u in fun.

T: A u in fun? Are you sure?

S1: Yes.

T: All right, before we fix anything else, what
happened to my words though? What did I do?

S2: You were going too fast.

T: I was going too fast, and what did I do?

S3: You messed up on getting letters.

T: But what did I forget in general? We talked

about it yesterday. What did I forget? I forgot to
always take my time, and I forgot what?

S4: The vowels.

T: I forgot the vowels! Because without the vowels,
do you know what it sounds like?

The teacher tries to say the sentence using no
vowels. The class giggles when she reads “ws.”

T: A, Pm just going to squeeze it in. O-c-t-0-b-e-7.
You hear how that opens it up? Last October
was my b-i-r-t-h-d-a-y, and I can be excited
about that. I couldn’t be excited without the
vowels. I need the vowels to be excited. Last
October was my birthday!

In this lesson, a first-grade teacher is leading her
students in addition problems involving two-digit
numbers. The teacher presents the problems to the
class on the overhead projector, and the students
are called on to answer them.

T: Let’s count again, let’s do 92 + 8. We have 92,
we have 93 ..

All: 94, 95, 96, 97, 98, 99, 100.

T: 100. You got close, Mara, good job, but the
answer is 100. Now, who had number two?

The teacher moves on to the next problem.

T: 89 + 9 equals 98. How about this, is this
correct?

S: Yes.

T: All right, good job. Just look at number three.
54 + 10 equals 64.

All: 64.
T: Who had this one? Is this correct?

Some students respond with yes and others with
no.

T: Class, do we agree?
Students again respond with yes and no.

T: Let’s see, we have 54 plus 10 more. 5 plus 1 is
what?

S: 64.

T: 64 is correct. Good job.

Importantly, from the perspective of examining associations between the classroom

context and the children’s performance, there was considerable variability among par-
ticipating teachers in these aspects of their memory-related talk. To illustrate this vari-
ability, consider the extent to which the first-grade teachers varied in their use of the
coded memory-relevant language in the course of instruction. These teachers’ strategy
suggestions ranged from 0.8 to 13.8% of the 30-second intervals that were observed,
and their use of metacognitive questions varied from 0.8 to 9.6%. Interestingly, large
differences were also seen in the combination codes that include both deliberate mem-
ory demands and either instructional activities (ranging from 25.8 to 50.0% of the
intervals), cognitive structuring activities (ranging from 10.0 to 35.4%), or metacogni-
tive information (ranging from 1.3 to 12.1%). Moreover, because of this variability
across classrooms, we were able to characterize each teacher’s mnemonic style as being
either “high mnemonic” or “low mnemonic,” based on the extent to which the teachers
made use of memory-relevant language in instruction; that is, we divided the teachers
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into two groups (high- vs. low-mnemonic orientation) using a median split relative to
other teachers in the same grade.

Linking the Classroom Context and Children’s Memory Strategy Performance

Based on this measure of mnemonic orientation, we then examined the patterns of a
range of indices of children’s memory performance as a function of their classroom
assignment. To illustrate this approach, consider children’s use of an organizational
strategy on a sort—recall task in the first and second grades, in which they were presented
with 16 picture cards with line drawings taken from four conceptual categories, allow-
ing for the assessment of organizational strategies at both input (e.g., sorting or group-
ing) and output (e.g., categorical clustering). In this task, children’s sorting scores were
calculated using the Adjusted Ratio of Clustering (ARC) measure (Roenker, Thompson,
& Brown, 1971), resulting in ARC scores ranging from -1 (below chance organization)
to 0 (chance) to 1 (complete categorical organization). As can be seen in Figure 6.6, the
sorting performance of the children in the two types of classrooms did not differ ini-
tially on either the baseline or generalization trials at the first assessment point (Time 1)
of grade 1, but by the winter, the groups had diverged, with differences evident at both
Time 2 and Time 3. Furthermore, these differences continue across grade 2, indicating
that not only did the mnemonic orientation of the first-grade teachers have an impact on
the performance of the children in their classes but it also evidenced a sustained impact
even when the children were taught by other teachers.

The Interplay of Classroom Context and Children’s Academic Achievement

In addition to examining the impact of the classroom context on children’s mnemonic
skill, we have also explored child-level factors that may moderate the influence of teach-
ers’ mnemonic styles. For example, we have been able to track over time the mem-
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ory skills of groups of children identified as higher or lower in academic achievement
level, as assessed by the Woodcock—Johnson Tests of Achievement (W]-III; Woodcock,
McGrew, & Mather, 2001), and taught by either high- or low-mnemonic first-grade
teachers. The memory performance of these two groups of children was then examined
as a function of the mnemonic style of the classrooms in which they were embedded,
and, as can be seen in Figure 6.7, although higher-achieving students had elevated pat-
terns of sorting regardless of their first-grade teachers’ mnemonic orientation, lower-
achieving children’s performance was strongly linked to teacher style. Lower-achieving
students who were placed into a lower, mnemonically oriented classroom sorted less,
whereas those who were taught by high-mnemonic teachers sorted at levels equivalent
to those evidenced by their higher-achieving peers. Moreover, the interplay of first-grade
teacher orientation and children’s academic achievement persisted through the second
grade (Ornstein et al., 2007).

Summary and Future Directions

The research outlined here focuses on the importance of contextual factors that influ-
ence the development of children’s memory. We now know a considerable amount about
aspects of mother—child conversation at home and teachers’ memory-relevant language
in the classroom that influence children’s developing skills for remembering. Beginning
with longitudinal studies of autobiographical memory, we have identified important
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associations between adult—child conversations about ongoing and prior events, and
children’s abilities to provide information about these experiences (Haden et al., 2001;
Hedrick, San Souci, et al., in press). We then extended this observational work with
experimental interventions to establish causal linkages between aspects of adult—child
conversation and children’s memory reports (Boland et al., 2003; Hedrick, Haden, &
Ornstein, in press; Ornstein et al., 2004). Moreover, paralleling our observational stud-
ies of autobiographical memory, we carried out a large-scale longitudinal investigation
in the classroom, in which we focused on linking aspects of the instructional context
and children’s deliberate memory strategies (Coffman et al., 2008; Ornstein et al., in
press). The next step in this program of work is to move forward with small-scale inter-
ventions that enable us to make causal connections between teachers’ memory-related
talk and children’s use of deliberate strategies for remembering.

Our ongoing work is designed to implement these interventions in the form of
experiments in which teachers are trained to use conversational techniques employed
spontaneously by teachers with high- and low-mnemonic styles. If the results of these
studies confirm the correlational findings we obtained in our longitudinal work in the
classroom, with children taught by teachers instructed to use a high-mnemonic style
outperforming their peers taught by teachers using a low-mnemonic style, then we will
be able to make causal statements regarding linkages between instructional context and
children’s developing deliberate memory skills. If this is the case, then the findings will
have important educational implications and can lead to the development of interven-
tions that may affect teacher instructional style in the classroom. Ultimately, our goals
are to develop instructional programs for teachers that in turn can have a meaningful
impact on children’s cognitive development.
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The Mind of the Preschool Child

The Intelligence—School Interface

Marc H. Bornstein

Intelligence at School

To judge well, to comprehend well, to reason well,
these are the essentials of intelligence.
—BINET AND SIMON (1905, p. 196)

When a teacher looks out over his or her classroom, what does the teacher see? Is there
a blooming, buzzing confusion of one mass of young children to be instructed according
to a fixed curriculum? Or does the teacher see in that mass a group of unique children
to be instructed using individualized plans? And, if the latter, then are those individ-
ual children to be instructed as though they aligned themselves along a continuum or
hierarchy of intelligence, with smart at the top? Or are teachers to instruct individual
children, recognizing that each child offers a profile of differing intellectual strengths
(presumably to be exploited) and weaknesses (presumably to be remediated)? Based on
contemporary empirical developmental science, teachers should look out and see the
children in their classroom as individuals who may generally distribute themselves along
a continuum of intelligence but who, at the same time, have distinctive profiles of intel-
lectual strengths and weaknesses.

The odyssey that leads to this conclusion starts with a brief consideration of what
intelligence is, how it has been assessed traditionally, and the deductions about the mind
to which historical evaluations of intelligence have pointed. Precise definition and mea-
surement of intelligence are long-standing goals of psychology and its allied fields (Sat-
tler, 1992; Sternberg & Detterman, 1986). As a result, there is agreement that human
beings possess intelligence, but there is less agreement about what intelligence is. What
we purport to know tends to originate in and reflect theoretical views that shape the
way intelligence is defined, measured, and studied. This chapter begins with a critical
discussion of two traditional conceptions of intelligence. In a nutshell, a general factor
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theory of intelligence (g) posits that a single common factor underlies all mental abili-
ties. In contrast, some authorities hold that there is no general factor that is common to
all mental abilities. Instead, intelligence is made up of multiple, more or less unrelated
mental abilities or faculties (F). An implication of the first view (intelligence as a general
factor) is that persons who are high on one facet of intelligent behavior will be high
on every facet of intelligence. The second view (intelligence as unique specific abilities)
implies that just because a person is high on one aspect of intelligence, he or she is not
necessarily high on every aspect. A resolution of this disagreement can be found in a
third view, which integrates the single general factor view with the multiple unique fac-
tor view, namely, that g is a higher-order factor that appears in several ability F factors,
thus admitting roles for both general intelligence and multiple, domain-specific intel-
ligences. The chapter then proceeds to a consideration of relevant empirical work with
young children based on the foregoing theoretical frameworks. We administered several
traditional and purpose-made novel tasks to 4-year-old preschool children that have
resulted in measures of general intelligence and numeracy/spatial, verbal, sociability,
psychomotor, and literacy faculties. The chapter reviews the multiple child measures we
administered, briefly recounts our model-building strategy, and provides results of mod-
eling that supports the view that early child intelligence has both general and domain-
specific manifestations organized in a hierarchical structure. The hierarchical model
applies to girls and to boys equally, as well as to children who are in child care and
those who are not. It all applies across levels of socioeconomic status. To complement
this mass view, we also analyzed prominent patterns of individual differences in Fs. The
chapter concludes by drawing attention to a variety of issues related to the meaning
of this model for understanding childhood intelligence, as well as its implications for
education.

This chapter leaves aside many central questions and controversies about intelli-
gence even if they cannot be entirely neglected. Few questions in the social sciences stir
as much passionate public interest and as much controversy as whether intelligence is
a valid concept, how important intelligence actually is, the genetic versus experiential
bases of intelligence, the modifiability of intelligence, and so forth. These have been the
predominant issues in the history of criticism of the intelligence testing movement.

These central issues notwithstanding, intelligence has been entangled implicitly or
explicitly with school throughout its history. Generally speaking, intelligence tests were
originally developed and designed to measure those aspects of mental ability that are
important for success in school (at least as classroom requirements tend to be assessed
in middle-income communities in the Western World), as well as in similar activities
outside of school. Indeed, a return to their very beginnings, around the turn of the
20th century, brings to mind the story of the forward-thinking Commission on the
Education of Retarded Children in Paris engaging Alfred Binet to develop a test with
the well-intentioned aim of identifying children in the public schools who would fail
in normal schools and who might benefit from remedial education. To meet this goal,
Binet and several collaborators—Simon, Piaget, and others—developed an economical,
manageable, impartially graded test whose objective was to predict children’s perfor-
mance in the classroom. Binet recognized that parents and teachers alike underestimate
or overestimate the accomplishments of children. So, Binet’s test was intended to pro-
vide a more consistent and less biased means to assess children than subjective parental
description or teacher intuition. Binet’s test initiated major developments in the fields
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of mental assessment and school evaluation alike. By the 1920s, intelligence tests were
used in schools to measure intellectual capacity and to serve as a basis for ability group-
ing, selection into special classes, and so forth, and tests of this type have increasingly
been used in connection with admission to higher education. Indeed, tests of intelligence
are administered in the traditional ways of the classroom: Examinees seated at desks
answer by marking in test booklets or on answer sheets and are given uniform time
limits to complete their work.

In part because of their original aim, to predict academic performance, intelligence
tests traditionally focus on a narrow band of linguistic and logical-mathematical skills
that customarily have helped students succeed in school. Reciprocally, educational
attainment has been among the most popular external validators of intelligence tests.
They have largely succeeded. Correlations between intelligence test scores and formal
tests of reading, mathematics, or other subjects, and between intelligence test scores and
school exam performance or grades, range between .40 and .70 (Brody, 1992; Jensen,
1980; Lavin, 1965; Vernon, 1947). Intelligence test performance correlates about .60
with total number of years of education (Jencks, 1972; McCall, 1977).

Intelligence: Three Views

People are perennially interested in intelligence. In the words of one prominent observer:
“No concept in the history of psychology has had or continues to have as great an impact
on everyday life in the Western world” as intelligence (Scarr, 1989, p. 75). As vital as
intelligence is, however, the concept itself has eluded consensual definition. A symposium
on the meaning of intelligence, published by Thorndike in 1921, produced a plethora of
definitions: Intelligence was variously described as “ability to learn” (Buckingham, cited
in Thorndike, 1921), as “the power of good responses from the point of view of truth or
fact,” as “the ability to carry on abstract thinking” (Terman, cited in Thorndike, 1921),
as “the ability of the individual to adapt himself adequately to relatively new situations
in life” (Pintner, cited in Thorndike, 1921), as “involving two factors—the capacity for
knowledge and the knowledge possessed” (Henmon, cited in Thorndike, 1921), and as
“the capacity to acquire capacity” (Woodrow, cited in Thorndike, 1921). Fifty years
on, when two dozen prominent theorists were asked to define “intelligence,” they gave
two dozen somewhat different definitions (Sternberg & Detterman, 1986). Later still,
Sattler (1992) discussed more than 20 separate (if somewhat overlapping) definitions of
intelligence, many of which led to the development of distinct scales to measure a wide
variety of skills and abilities. Even if scientists cannot agree as to what intelligence is,
many (as we shall see) have agreed that it can be measured.

The Structure of Intelligence

One of the most basic (and controversial) questions about intelligence is whether indi-
vidual differences in performance can be understood best in terms of a single, underlying
general ability or in terms of a collection of many independent, if (more or less) related,
abilities. One kind of theory is essentially monistic; the other is pluralistic. These two
models have tended to dominate modern understanding of the structure of intelligence.
Theoreticians and researchers in one school contend that basically one general ability
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accounts for individual differences in mental performance in a wide variety of tasks,
jobs, and instructional and training programs. This psychometric model of intelligence
(qua 1Q) includes the assumption that the mind is best represented as a single complex
entity or unified set of processes. Dissatisfied with the view that intelligence entails
only one or perhaps two (linguistic and logical-mathematical) abilities, another school
of researchers and theoreticians holds that IQ provides an incomplete description of
cognition and contends for multiple specialized abilities, each perhaps particular to a
specific performance situation. These schools of thought divide into those (historically,
following Spearman) who believe in a “general factor” and those (historically, following
Thurstone) who posit a family of “primary mental abilities.” The question of whether
intelligence is general or specific is actually a debate about the structural nature of intel-
ligence. For our hypothetical classroom teacher, resolution to that debate has startling
consequences in terms of how to think about children and how best to teach them.

The principal method of assessing the structural nature of intelligence has been to
examine relations among different measures of it. Researchers in the IQ tradition have
consistently reported substantial positive correlations among diverse tests of child and
adult mental ability. They cite these findings as clear evidence that intelligence is a gen-
eral ability. Challenging this view, other researchers find that intelligence in the same
studies only appears to reflect a general ability, and only because the tested types of
ability are all of a kind.

g: The General Intelligence View

People who are good at one test are good at other tests as well, and so

it seems reasonable to infer that there is some ability being tested that is

common to all the tests. All branches of intellectual activity have in common

one fundamental function. ... This g, far from being confined to some small

set of abilities whose intercorrelations have actually been measured and

drawn up in some particular table, may enter into all abilities whatsoever.
—SPEARMAN (1904, p. 201)

Galton (1883), the founder of psychometrics and differential psychology, claimed that a
single source of individual differences in mental abilities could be traced to differences
in performances on rather simple tests of the acuity of the senses, speed of reaction, and
the like. Cattell (1890), who later became interested in individual differences in speeds
of reaction, sensory discrimination, word association, and other equally uncomplicated
mental tasks, introduced the term “mental test.” It was Spearman (1904), however, who
published a prescient and original interpretation of some data that he had collected in
a village school in Hampshire, England. Spearman observed that children who were
highly developed in one intellectual ability tended to be, on average, highly developed
in other, different intellectual abilities as well. In other words, intellectual tasks show
a “positive manifold,” whereby all tasks positively correlate with each other, albeit to
varying degrees. Children who received high scores on a test of vocabulary were likely
to receive high scores on a test of memory. This led to the idea that a single process—he
called it general intelligence, often symbolized as g—underlies human cognitive capa-
bility. From this analysis, Spearman concluded that different abilities share a general
factor that is common to all tests of intellectual ability. The initial empirical base for
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Spearman’s theory of g comprised the grades and teacher evaluations of a handful of
schoolchildren in a few English village schools.

Spearman’s argument that there is a single, fundamental process of g that permeates
all intellectual activities, and determines performance on any test thought to constitute
a measure of intelligence, provided a simple and satisfying explanation of the finding of
positive correlations between a wide variety of different tests. The so-called “positive
manifold” has been hailed as “one of the most remarkable findings in all of psychol-
ogy ... that scores on all mental ability tests of every variety was positively intercorre-
lated in any representative sample of the general population” (Jensen, 1981, p. 52) and
“one of the most reliable, replicable, and important empirical discoveries about human
ability yet found” (Detterman & Daniel, 1989, p. 349).

In Spearman’s theory of g, a single structural factor permeates performance on all
the various tests and tasks used to assess intelligent behavior. The main purpose of the
IQ test is, therefore, to measure the amount of that intelligence an individual has. This
goal anticipates the study of individual differences in intellectual abilities. Designed to
be a differential variable, IQ is meant to discriminate among individuals and place them
in ordinal relation to one another. Thus, individuals who respond correctly to one item
in a test should have a higher probability of correctly responding to a second item in the
same or a different test than individuals who respond incorrectly to the first item.

IQ tests have since evolved to measure this g factor that is to reflect or indicate a sin-
gle factor that underlies performance in many different intellectual tasks. In both Spear-
man’s own work and that which followed in his wake, the g factor has been viewed as
critical to understanding the nature of intelligence. Jensen (1980), for example, would
contend that g is the most fundamental feature of intelligence. Yet psychometric test the-
ory includes certain critical assumptions: that different tasks yield reliable measures of
characteristic behaviors of the individuals who perform the tasks; that individuals may
be ordered on a unidimensional scale reflecting different degrees of their competence;
and that the characteristic underlying IQ performance is real (Brody, 1992; Jensen,
1998; Neisser et al., 1996). Given these assumptions and deductions, it is remarkable
that there has never been concord as to what g actually is: in its history, it has variously
been thought of as a type of mental energy (Spearman, 1927), a statistical regularity
(Thomson, 1939), a generalized abstract reasoning ability (Gustafsson, 1984), and a
measure of neural processing speed (Reed & Jensen, 1992). Perhaps the most com-
mon view is that intelligence test scores reflect some (innate) capacity of the individual
to think in abstract terms, to learn in school, and to adapt to the requirements of an
increasingly complex technological society. Despite the many shortcomings of IQ theory
and an IQ score, no other measure has been found to relate to so many other behaviors
of theoretical and practical significance (Kohlberg & Zigler, 1967; Mischel, 1968). As a
predictor, IQ scores account for up to half the variance in many different developmental
measures (which means that other individual characteristics, such as interpersonal skills
or personality, are of equal or greater importance).

Current versions of the Wechsler scales of intelligence represent the fulfillment of
this psychometric approach. They include three scales, the Wechsler Adult Intelligence
Scale-IIT (WAIS-IIT; Wechsler, 1997), the Wechsler Intelligence Scale for Children—
Fourth Edition (WISC-IV; 2003), and the Wechsler Preschool and Primary Scale of
Intelligence—Third Edition (WPPSI-III; 2002). The Wechsler scales are typically con-
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sidered to be the best standardized measures in the field (Kaufman, 1993). Not surpris-
ingly, the Wechsler scales are the most frequently used instruments for the assessment
of intelligence and have been translated into numerous languages, including Chinese,
Dutch, French, German, Hebrew, Italian, Korean, Portuguese, Spanish, and Swedish.
Consider the Wechsler Preschool and Primary Scale of Intelligence—Revised (WPPSI-R).
Verbal subtests include scales on Information, Comprehension, Arithmetic, Vocabulary,
Similarities, and Sentences; and Performance subtests include scales on Object Assem-
bly, Geometric Design, Block Design, Mazes, Picture Completion, and Animal Pegs.
Factor analysis of the data from its standardization sample age 3-7 years yields a Verbal
factor and a Performance factor, in addition to a Total or Full Scale IQ score. According
to Wechsler (1958), the Verbal and Performance subtests are different measures of the
same intelligence, not measures of different kinds of intelligence. All WPPSI-R subtests,
for example, load relatively high on g (Sattler, 1992).

g does not account for all the variance in IQ test performance. In his later writ-
ings, Spearman (1923, 1927) developed a so-called “two-factor theory of intelligence.”
Spearman’s ultimate model assumed that an observed IQ score for an examinee may
be accounted for in terms of a weighted sum of scores on two underlying unobservable
variables; a general one that is common and enters in to all tasks (g), and another that
is specific to each task (s).

F: The Multiple Faculties View

If anyone insists on having a single index such as an I.Q., it can
be obtained by taking an average of all the known abilities. But
such an index tends so to blur the description of each man that
his mental assets and limitations are buried in the single index.

—THURSTONE (1946, p. 110)

Classical scholars commonly distinguished among reason, will, and feeling, and Medi-
eval sages had their trivium of grammar, logic, and rhetoric, and their quadrivium of
mathematics, geometry, astronomy, and music. “Faculty psychology” views the mind
as congeries of independent abilities. The evolutionary psychology view is that, over the
course of evolution, human beings have come to possess a number of special-purpose
information-processing devices, or “computational mechanisms.” Some are decidedly
molecular (line detection); others are far more molar (control of voluntary action). We
could hardly have survived as a species for many thousands of years without a secure
likelihood that we would all be able to speak, perceive, and remember many forms
of information in relatively similar ways. Furthermore, it has been argued that these
faculties are self-governing in two senses: First, each mechanism operates according
to its own principles and is not “yoked” to any other one; second, these information-
processing devices operate simply in the presence of certain forms of information to be
analyzed, and without being directed to do so. For example, mechanisms used to pro-
cess language, and the neural structures mediating language, represent a self-contained,
functionally autonomous faculty.

Even though there is virtually no situation in which the concept of g may be com-
pletely disregarded, there also are many situations in which more specialized abilities
should be considered alongside g. Gardner (1983, 1987, 1990) has pointed out that intel-
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ligence comprises many different abilities, and that intelligence tests omit much relevant
information about an individual’s intellect. Undeniably, intelligence tests sample from
a rather narrow band of the true range of intellectual potential. Whereas Spearman
(1927) emphasized the importance of a general factor that represents what all tests have
in common, others, like Thurstone (1938), focused on specific groups of factors, such
as memory, verbal comprehension, and number facility. The identities of such specific
factors differ across theories, and theoreticians and researchers with the best intentions
disagree regarding what dimensions are both necessary and sufficient for specialized
abilities, or even for clear operational definitions that might lead to the development
of specific test contents for them. Guilford (1967) favored 120 vectors of mind; the
Cattell-Horn theory (Cattell, 1971) divided g into two subfactors, g, (fluid ability) and
g, (crystallized ability). Here, I discuss two of the most prominent faculty theories.

During the 1930s, multidimensional alternatives to Spearman’s unidimensional
theory appeared. Thurstone (1931, 1938, 1947) pioneered the ideas and methods for
the most prominent, primary mental abilities (PMA) theory. Thurstone dismissed the
notion of g and in its stead proposed that intelligence comprises a set of independent
or “primary” abilities. The fundamental idea of a primary mental ability was that “it
behaves as a functional unity that is strongly present in some tests and almost com-
pletely absent in many others” (Thurstone & Thurstone, 1941, p. 9).

To identify PMA, Thurstone (1938) used the statistical technique of factor analysis
to examine the performance of an intellectually heterogeneous group of public school-
children. Whereas, overly simply put, the positive manifold stops at identifying the prin-
cipal component in a correlation matrix, factor analysis concerns the structure of cor-
relations among variables; that is, the question of how many “factors” or “latent traits”
are indicated by a set of correlations arranged in a matrix, such that all the correlations
among variables are shown systematically. Following the administration of a battery
of tests, Thurstone analyzed the intercorrelations among the tests to determine which
factors were measured by several, but not all, of the tests. His analysis did not converge
on a general factor, but on several separate factors. According to PMA theory, intel-
ligence does not comprise a single general factor, g. Rather, the theory posits that intel-
ligence comprises seven somewhat independent primary mental abilities, which Thur-
stone designated by capital letters: V for verbal comprehension, W for word fluency, N
for number (computational), S for spatial visualization, M for associative memory, P for
perceptual speed, and R for reasoning. More formal versions of the PMA battery were
published subsequently (Thurstone & Thurstone, 1941). Thurstone’s results supported a
rather different concept of intelligence from the one that had theretofore dominated the
mental testing movement; that is, his analysis supported the argument that, rather than
one, there are many kinds of intelligence.

However, Thurstone’s results also showed that primary abilities were themselves
correlated, reraising the possibility of a general factor (Thurstone & Thurstone, 1941).
This admission represented a partial convergence between Thurstone’s PMA theory
and Spearman’s two-factor theory. Thurstone acknowledged the existence of correla-
tions among his PM As and allowed for the existence of a second-order g (Snyderman &
Rothman, 1988; Sternberg & Powell, 1983), but he retained the view that the primaries
were of fundamental interest (Thurstone, 1947).

Gardner (1983; Gardner & Hatch, 1989) later argued that a positive manifold is to
some extent an artifact of testing. He pointed out that most measures of intelligence are
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paper-and-pencil tests of linguistic and logical skills. In consequence, the positive mani-
fold may reflect the measurement of restricted content with similar techniques rather
than the true structure of intelligence. Gardner rejected the model of a central organiza-
tion that controls the functioning of the mind, and his eventual classification of abilities
did not admit a general ability. He contended that the tendency to view the mind as
a single entity, or even a set of coordinated processes, lacks plausibility and is unsup-
ported by diverse (e.g., neurophysiological, developmental, evolutionary) data. Rather,
cognition is better accounted for by a framework that posits a number of (fairly) spe-
cific and (fairly) independent computational mechanisms. In Frames of Mind, Gardner
proposed a theory of “multiple intelligences,” each informed by eight “signs™: studies of
patients with brain damage, prodigies, gifted individuals, idiots savants, normal chil-
dren, normal adults, experts in different lines of work, and individuals from diverse cul-
tures. Thus, an intelligence exists to the extent that one can find evidence for its separate
developmental pathway, its organization in specific regions or systems in the nervous
system, its isolation in special populations, its occurrence across a range of cultures,
its evolutionary history within and across species, and its susceptibility to codifica-
tion within a symbol system. Meeting these criteria provides converging evidence from
diverse sources that an intelligence is relatively autonomous. Gardner proposed seven
separate intelligences: “linguistic intelligence,” fluency in the production of language;
“logical-mathematical intelligence,” the ability to solve computation and word prob-
lems; “musical intelligence,” thoughtful fluency in musical terms, the core components
of which are pitch, rhythm, and timbre; “spatial intelligence,” the ability to generate,
retain, retrieve, and transform well-structured visual images; “bodily—kinesthetic intel-
ligence,” the ability to solve problems or fashion products by using the whole body or
parts or the body, such as hands or mouth; “interpersonal intelligence,” the ability to
understand other individuals and to use this understanding to work effectively with
them; and “intrapersonal intelligence,” the ability to form an accurate working model
of oneself and to make effective decisions based on that model. Gardner did not claim
that the seven intelligences are definitive; rather, his aim was to support a pluralistic
view of intelligence. In 1984, Feldman and Gardner initiated a research effort (Project
Spectrum—Malkus, Feldman, & Gardner, 1988; Wexler-Sherman, Gardner, & Feld-
man, 1988) to assess preschool children’s cognitive activity as it is reflected in the seven
intelligences. Gardner’s intelligences may be refined through education. According to
Gardner, it is through the educational process that “raw” intellectual competencies are
developed and individuals are prepared to assume mature cultural roles.

g and F: Hierarchical Integrative Models of Intelligence

One theory of mental logic postulates a general system of intelligence that will operate
on any information presented to it. Domain specificity has often been interpreted as evi-
dence for an “opposite modularity of mind,” the idea that human beings posses domain-
specific modules for different types of input, rather than one, general-purpose problem
solver. But the two ideas are not mutually exclusive. There is nothing self-contradictory
about a theory of human cognition that acknowledges that the mind contains a number
of modules specialized for particular tasks (e.g., language learning) but at the same time
is resolute that the mind also contains a general system that is not domain-specific. We
may have not only an innate language acquisition device that allows us to become com-
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petent in the grammar of language but also a more general-purpose cognitive system
that contributes to solving both language and other types of problems. Our knowledge
and expertise may be domain-specific, but the means by which we become knowledge-
able and expert may be entirely general.

Spearman based his psychological interpretation on a belief that g was dominant
and real, a general intelligence that marks a person’s essential intelligence. Thurstone
professed that there are many ways in which a person can be intelligent. The difference
between the two theories is primarily one of emphasis, with either the general factor or
the specific abilities considered more important in explaining intelligence. Both Spear-
man (top-down) and Thurstone (bottom-up) ultimately admitted the validity of some
of the other’s view. It would appear that performance on a variety of cognitive tasks
relates in some but not total degree. So, in mathematical terms, the solutions to the
positive associations of performance on different tasks are equally acceptable; in theo-
retical terms, however, interpretations of the two solutions are somewhat contradictory.
Because the solutions are mathematically equivalent, neither theoretical view is defini-
tively supported by the results of factor analysis. Historically, however, a resolution has
been achieved through the development of theories of intelligence that include both a
general factor and various specific abilities.

One kind of hybrid theory is essentially hierarchical. Let’s say that we have measures
of children’s performance on several tasks. This is the most specific level of the variable.
Now, it turns out that some measures of some performance vary together in a way that
makes a single, first-order factor, and other measures of other performance covary in
a way that makes another, first-order factor. Thus, the first-order factors account for
the intercorrelations among specific measures. Now, suppose a “second-order” factor
accounts for some variance in the two first-order factors. With this approach a hierarchy
of factors is constructed, starting from below, with a larger number of narrow measures,
and ending at the top of the hierarchy with (one or a few) broad, higher-order factors.
Such higher-order analyses yield hierarchical models, in which specific factors at lower
levels are subsumed under more general factors at higher levels. In consequence, a reso-
lution of the tension between proponents of monistic and pluralistic theories of intel-
ligence is achieved by accommodating both conceptions of the nature of intelligence.
Hierarchical theories of intelligence (e.g., Burt, 1940; Cattell, 1971; Holzinger, 1938;
Horn, 1968; Royce, 1973; Vernon, 1971) restore the concept of general ability and
combine the perspective of those emphasizing several narrower dimensions of cognitive
ability with that of those emphasizing one general cognitive ability. Vernon (1950, 1971)
presented an integration of results achieved in several studies in the form of just such a
hierarchical model. At the top of his model was a g factor. The model also included two
major group factors underneath: a verbal-numerical-educational (v:ed) factor and a
practical-mechanical-spatial-physical (k:m) factor. Given a sufficient number of tests,
these major group factors may be subdivided into several minor group factors. Thus, the
v:ed factor subdivides into different scholastic factors such as v (verbal) and # (number)
group factors. The k:m factor may be subdivided into minor group factors, such as per-
ceptual, spatial, and mechanical abilities.

Another hierarchical model that includes two general dimensions (crystallized intel-
ligence, g, and fluid intelligence, g;) was developed by Cattell and Horn (Cattell, 1943,
1963; Horn, 1968; Horn & Cattell, 1966, 1967). “Fluid intelligence” represents basic
capacity, and “crystallized intelligence” represents abilities acquired through learning,
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practice, and exposure to education. Crystallized abilities tend to be measured by tests
of knowledge and skills that are related to formal education. Fluid ability measures tend
to be related to abstract reasoning skills that are not formally taught in school but that
might be influenced by exposure to formal education. The fact that G, and G, tend to
correlate supports the existence of a single higher-order factor g (Kail & Pellegrino,
1985).

A consensus hierarchical organization was presented by Carroll (1993) on the basis
of a heroic survey and reanalysis of than 400 datasets collected over 70 years of stud-
ies on the nature, identification, and structure of human cognitive abilities. Carroll’s
three-stratum theory includes factors of three degrees of generality: narrow, broad, and
general. The general factor, a single factor at the third and highest level of the model,
influences performance in each domain below it. General ability is related to different
kinds of abilities at the second stratum. The abilities are arrayed from left to right, in
decreasing degree of relation to the single common ability at the third stratum (see Fig-
ure 7.1).

Carroll’s analysis indicates that intelligence may be conceived as a single general
ability and as many specialized abilities related to each other in a hierarchical structure.
A detailed description of this theory as it pertains to the different domains of ability
appears in Human Cognitive Abilities (Carroll, 1993). It implies that individual profiles
of ability levels are much more complex than previously thought, but at the same time
it offers a way of structuring such profiles by classifying abilities in terms of strata. The
general factor is close to former monistic conceptions of intelligence, whereas second-
stratum factors summarize abilities in individual domains thought to be specialized
phylogenetically or experientially.

Summary

In overview, some theories about the structure of intelligence emphasize one general
ability; other theories emphasize several specialized abilities. The clash between these

Second-Order
Factor

First-Order First-Order First-Order First-Order First-Order
Factor Factor Factor Factor Factor

Dependent | Dependent | Dependent | Dependent | Dependent | | Dependent [ Dependent | Dependent Dependent | Dependent Dependent | Dependent | Dependent Dependent| Dependent |Dependent
Measure | Measure | Measure | Measure | Measure Measure | Measure | Measure Measure | Measure Measure | Measure | Measure Measure | Measure | wMeasure
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FIGURE 7.1. The three-stratum hierarchical model of intelligence.
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approaches is resolved in hierarchical theories, which accommodate both general and
specialized abilities. Many theorists now agree that at least three categories of ability
dimensions should be recognized: general cognitive ability, broad abilities, and narrow
abilities. Most factor-analytic models are hierarchical. Usually, they suggest that at the
top of the intellectual abilities hierarchy there is a single general factor of intelligence (g).
Below g are lower-order factors representing more specific mental abilities. At the bot-
tom of the hierarchy are the most specific abilities, which cannot be broken down any
further into factors. Inherent in a hierarchical model, however, is the idea that because
some mental abilities are related, they converge on a higher-level ability.

An Empirical Approach to the Hierarchical Model with Young Children

With these ideas in mind, Bornstein, Putnick, and Haynes (2008) developed a wide-
ranging test battery. Children and their mothers participated in an experimental pro-
tocol around the time of the child’s fourth birthday. While the child was involved in
completing her or his parts of the protocol, the child’s mother normally sat nearby or in
the adjacent room and completed sociodemographic and other questionnaires; she was
also interviewed.

Each child engaged in a variety of activities with an administrator, each completed
in a predetermined order. Extensive pretesting determined that order to maintain the
child’s interest and to minimize fatigue: They examined (1) verbal and performance
psychometric intelligence, (2) numeracy, (3) literacy, (4) mechanics, (5) artistry, (6) psy-
chomotor ability, (7) sociability, and (8) adaptive behavior. These domains were selected
because of their importance in our culture, and because they represent a range of abili-
ties as they are expressed in young children. Together, the activities yielded a variety of
dependent variables that were used in subsequent modeling. In some cases, there was a
one-to-one correspondence between a dependent variable and a faculty; in other cases,
an activity yielded a small variety of dependent variables that related to different facul-
ties. The several measures used in this study proved stable in a 1-week retest assessment,
and they maintained their group mean level across that time as well. These findings sup-
port the psychometric adequacy of the measures as distributed, stable, and continuous.

Bornstein and his colleagues (2008) then modeled the hierarchical structure of g
and Fs derived from 4-year-olds. The best-fitting solution resembled the three-stratum
model of Carroll, with specific dependent variables at the bottom that converged on
five first-order factors that loaded on one second-order factor. They called the five
first-order factors numeracy/spatial, linguistic, interpersonal, bodily—kinesthetic, and
literacy, and the second-order factor, general intelligence. They also tested two alterna-
tive models (one that omitted the five first-order factors, and another that omitted the
one second-order factor), concluding that the a priori hierarchical model was the best
and most parsimonious fit to the data. They further determined that the hierarchical
model applied to girls and to boys equally well (although girls perform better than boys
in several domains). The final model also fit the data, while accounting for variance
associated with family socioeconomic status and maternal verbal intelligence. Nota-
bly, children who attended preschool outscored their counterparts who did not attend
preschool in general intelligence, as well as numeracy/spatial, linguistic, interpersonal,
and bodily-kinesthetic intelligence; however, when sociodemographic factors that also
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distinguished preschool attendees from nonattendees were controlled, some differences
in intelligences attenuated.

The findings revealed two kinds of processing systems, one global and five local. As
to the global, it appears from Spearman and the positive manifold that whenever a bat-
tery of tasks is factor-analyzed, a common ingredient can be shown to exist that all the
tasks seem to share, over and above their unique ingredients. So, for example, a vocabu-
lary test may not only reflect a set of specific skills (e.g., verbal fluency, inferring meaning
from context) but also the operation of some common or general intelligence resource.
Some cognitive systems are nonmodular and central, and can plausibly be assumed to
cut across specific cognitive domains. Even if some systems are domain-specific, some
cognitive mechanisms are not. They are relatively domain-nonspecific and nondenomi-
national, and appear to function across information that input systems provide. As to
the local processing systems, “faculty psychology” is the view that many fundamentally
different kinds of psychological mechanisms are required to explain mental life. These
theories claim the existence of multiple subcomponents of cognition, each capable of
functioning relatively independently of each other (e.g., language vs. spatial skills).

Individual Differences

In a variable approach, the lawfulness of structures and processes in
individual functioning and development is studied in terms of statistical
relations among variables. ... Individuals differ only quantitatively, not
qualitatively, along the dimension for a certain variable.

—MAGNUSSON (1998, pp. 45-46)

With reference to the goal for psychological research—namely, to
understand and explain how and why individuals think, feel, act, and
react as they do in real life—a great advantage of the person approach is
that generalizations of empirical results refer to persons, not to variables.
—MAGNUSSON (1998, p. 51)

To this point, the analyses that Bornstein and colleagues (2008) undertook focused on
group mean-level statistics. Although these techniques proved useful to elucidate pat-
terns of relations among variables, they ignored individual variation. The identification
of individual differences in intelligence has long been of interest. Galton’s (1869) origi-
nal survey of British scientists addressed this issue, as did Goddard (1911) and Terman
(1916). Certainly, the configuration of individual variables in a system also has meaning
other than overall group representations.

The dominant approach to assessment in developmental science uses single vari-
ables, combinations of variables, or relations among variables as the main conceptual
and analytical units (Hartmann & Pelzel, 2005). In this so-called “variable approach,”
a single datum for an individual derives psychological meaning from its position rela-
tive to the positions of data from other individuals on a given dimension. The variable
approach to measurement posits that individuals assume positions on latent dimen-
sions for relevant factors and undertakes to locate individuals on those dimension(s);
the appropriate measurement technique is one that discriminates along the entire range
of possible positions. By contrast, the so-called “person approach” undertakes to assign
individuals to clusters within a total system; the appropriate measurement technique is
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one that clusters information about the individual with other, like individuals. The per-
son approach is based on a wholistic—interactionistic research paradigm to development
and functioning, meaning that it sees the individual as an organized whole, function-
ing and developing as a totality (Magnusson & Allen, 1983). The totality derives its
characteristic features and properties from interactions among its elements (the whole
is more than the sum of the parts) rather than from the effect of isolated parts of the
totality or as an integration of variables. In the person approach, each datum derives
its psychological meaning from its place in a pattern of data representing positions on
latent dimensions. The variable approach uses methods that focus on values on a scale;
the person approach uses methods that focus on patterns or configurations of values in
variables in individuals.

With this variable-person distinction in mind, Bornstein and colleagues (2008)
revisited the data and analyzed prominent patterns of individual differences among
children in terms of the distributions of faculties. To isolate the specific abilities associ-
ated with each F, and remove the effect of shared general intelligence, each faculty factor
score derived from the hierarchical g and F model was residualized for the higher-order
general intelligence factor score. These residualized scores were then standardized to
ease interpretation and comparison. Using a cut point of 1 standard deviation above and
below the mean, each standardized faculty factor score was recoded into three groups:
low intelligence, average intelligence, and high intelligence. The patterns were quite
similar on all Fs, with roughly 16% of the sample falling 1 or more standard deviations
above the mean, 68% falling within 1 standard deviation of the mean, and 15% falling
1 or more standard deviations below the mean.

At the individual level, approximately 22% of the sample scored within 1 standard
deviation of the mean on all five faculties factor scores; approximately 18% scored in the
high range on one or more faculties factor scores and in the average range on the others;
approximately 13% scored in the low range on one or more faculties factor scores and
in the average range on the others; and approximately 47% had a mixture of high, aver-
age, and low faculties. No child scored 1 standard deviation above or below the mean
on more than three faculties factor scores.

Looking at children with one special or one deficient faculty to see how they scored
on other faculties, children could score high on any F, and when they did, their scores
tended to be average or slightly below average on all other faculties. The same held
true for children with one deficiency; those who showed a deficiency in one F tended to
score average or slightly above average in the other faculties. Looking at children with
two specialties or two deficiencies, similar patterns emerged in the sense that children
could have any pair of specialty or deficiency Fs, and, if they did, tended to score around
average in the other faculties. Finally, looking at the pattern of individual differences
in children with both one specialty and one deficiency, again, these could occur in any
combination, and children tended to score at average on all the other faculties.

When a wide range of abilities is assessed, individuals tend to display an uneven
profile of abilities; that is, they are more competent in some areas and less so in others.
Children did not perform at the same level on most tasks; that is, children performed at
different levels on different tasks when levels of performance within each child’s set of
scores was examined. Indeed, 4-year-olds displayed configurations that were domain-
specific, and virtually no children showed precisely the same “profile” of intelligences.
A comparison among children’s varied patterns of performance revealed many different
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patterns. The varying levels of performance on the tasks were specific, and each child’s
pattern of expressed Fs was unique.

To describe differences in intelligence, children are customarily rank-ordered on
the basis of their IQ. Calling this approach into question, the results of the study just
recounted indicate that an individual child’s rank, based on a domain-specific task score,
actually varies depending on the domain. Therefore, the rank of an individual child that
is based on a single score fails to describe accurately the range and the pattern of that
child’s abilities. As a result, such ranks also distort relations among individual children.
By extension, the results suggest that more informal characterizations of intellectual
ability, such as “smart,” “average,” and “below average” are also potentially mislead-
ing and inaccurate. When a range of areas is considered, children are likely to have
strengths in some specific area(s) and average performance or slight difficulties in some
other specific area(s). Rather than being general, these abilities appear to be differenti-
ated. To the extent that they are, it is not possible to predict reliably an individual child’s
ability in one area based on performance in other areas. Because abilities are specific,
the description of a child should also be specific. For the description to be accurate, the
child’s abilities across a range of distinct domains must be determined. Based on mul-
tiple assessments, however, a revealing profile detailing an individual child’s capabilities
can be constructed. This profile provides a comprehensive and more detailed portrait
of each individual child’s capabilities at a particular point in time. The essence of each
child is her or his individual profile.

Individual-difference patterns among intelligences tend to support a modularity
perspective on the child’s mind. That individual children exhibit varying levels of com-
petence when abilities from distinctive areas are evaluated supports the claim that some
intelligences are domain-specific. This finding also has implications for the description
of individual differences in intelligence. Specifically, when individuals are described in
terms of either a single numerical score (e.g., IQ) or a global category (e.g., a Piagetian
stage), meaningful variations within an individual’s repertoire of abilities are obscured.
Vital information about the individual child is lost.

Intelligence Returns to School

This chapter began, as did Binet, Spearman, and Thurstone, in school. School systems
have long since discarded the use of IQ tests per se in devising educational policy, as
did teachers in their instruction, for many good reasons. Teachers can be unjustifiably
prejudiced by them; test scores can be used to label children unfairly; the tests are insuf-
ficiently accurate; and assessments often yield information about skills that are tied to
membership in certain groups or classes. Historically, simple and biased approaches to
intelligence measurement may have shortcomings that warrant their being discredited.
However, we should entertain the revisionist notion of newer approaches that are sensi-
tive to dimensions of individual differences in a diverse array of mental abilities, and
pay closer attention to skills that can be differentially identified in performance may
merit our consideration and classroom application. Our hypothetical school teacher
surely recognizes individual differences in the room and may even wish to be responsive
to them, but indentifying them more precisely and determining how to be individually
responsive have proven challenging. Part of the problem may lie in the need for fitting
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measures that adequately describe individual children. Children can be characterized
as unique, or they are described in terms of their global ability, or both. Some educa-
tors may see and respond to some children as generally more intelligent (and worthy)
than others, and they implicitly adopt a unitarian view of intelligence. Other educators,
however, seem to see and respond to children as more or less intelligent in different
ways (hence, worthy of equal respect) because every child is capable in her or his own
way. Those teachers recognize that individual children are unique constellations of abili-
ties, but seeing them in this light makes it difficult to meet their needs or reconcile a
fixed curriculum with such individual differences. When children can be described only
in terms of their global abilities (level of general intelligence or broad developmental
stages), it may be easier to respond to them or to the group, but what is distinguishing
about each individual child is misplaced. When children are portrayed only in terms of
specialized proficiencies or deficiencies, equivalent risks arise in terms of labeling and
mischaracterization. Thus, further information is needed on domain-general and indi-
vidual intellectual abilities and skills.

The philosophy espoused in this chapter, along with the study data presented ear-
lier, have twin concrete implications for education. One concerns teachers, and the
other, curriculum. For some years now, the National Association for the Education of
Young Children (NAEYC; 2001), perhaps the preeminent U.S. professional association
of early childhood educators, has encouraged the development of instructional systems
that are informed by developmental science. Indeed, the Society for Research in Child
Development, perhaps the preeminent international professional association of develop-
mental researchers, derived originally from NAEYC; so early childhood education has a
long-standing alliance with the science of child development. It is also widely recognized
in a natural history known as “developmentally appropriate practice” (Bredekamp &
Copple, 1997). Nonetheless, these two intellectual silos normally stand apart. Histori-
cally, educational practices pay little heed or fall behind fast-paced scientific theory and
research. For its part, developmental science too often fails to take full advantage of
real-world classroom experience. What is most unfortunate in this light, of course, is
how much each discipline stands to benefit from the other. How much would educators
profit from a deeper understanding of both the domain-general and domain-specific
abilities of their pupils? How much would developmental scientists gain from a deeper
appreciation of how children in the classroom perform at multiple activities (and how
their developing brains map on to their performance)? One cannot help but think that
developmental researchers would be better at formulating their problems and refining
their empirical work if they were better informed by the child in the schoolroom, just as
educators would be more successful in communicating style and content of learning if
they better understood child development theory and substance.

The other instructional domain for which the philosophy and data discussed in this
chapter have relevance is the curriculum. What we have found is that young children, at
an age just before they start school, possess both domain-general and domain-specific
competencies that likely play key roles in their performance on tasks and in situations
that are pertinent to school curricula. Thus, these findings beg a syllabus that moves
well beyond “reading, ‘riting, and ‘rithmetic.” Our research showed, first, that children
can and do perform across a variety of cognitive domains and, second, even among
relatively similar young children, substantial individual differences in performance
in these domains emerge (imagine the variation that describes more diverse samples).
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Then, should not curricula, even with young children, first reflect their diverse abilities,
and should not teachers use curricula, second, to identify areas where children excel
or fail, to capitalize on their strengths, and to remediate their weaknesses? Essentially,
admission of such a multivocal course calls for depth and breadth alike in the would-
be revised school curriculum. Children would experience a very different kind of daily
routine, one that would include a much richer variety of topics that tap a wider range of
their talents. It might alter what is taught, where, and how as the main concerns of the
day change and evaluations of children are transformed.

This chapter is about theory and research in developmental science, so it approaches
the science—education nexus from only one side. Developmental science historically has
not been a strong part of teacher preparation programs, and it does not normally hold
forth on implications for other fields. Here, however, the connections seem so intimate
and artless that guild canons might be temporarily suspended.

Finally, school readiness is a topic of perennial interest to parents, researchers, and
policymakers (National Association for the Education of Young Children, 2001; Swick,
Brown, & Boutte, 1994). School readiness predicts later academic success (Entwisle &
Alexander, 1996). Researchers have long recognized that factors within the home envi-
ronment foster school readiness and children’s preparation to master readiness tasks
(Bluestone & Tamis-LeMonda, 1999; Brooks-Gunn & Markman, 2005; Entwisle &
Alexander, 1996). School readiness comprises many factors (e.g., communication, cog-
nitive, motor, social, and adaptive) that have been measured (McAllister, Wilson, Green,
& Baldwin, 2005), and the multidimensional definition of school readiness is supported
by federal initiatives (e.g., No Child Left Behind Act), as well as other research find-
ings on early interventions (e.g., Good Start, Grow Smart and the Head Start National
Reporting System). Early education programs (e.g., Head Start) are designed to enhance
children’s competencies and contribute to their readiness for school. If the early acquisi-
tion of specific skills forecasts or enhances later achievement, it may be beneficial to add
domain-specific early skills (e.g., that we have studied) to the definition of school readi-
ness, and to promote interventions aimed at improving those skills prior to the start of
school (Duncan et al., 2007). Thus, understanding which skills are linked to children’s
academic achievement also has important implications for early education programs.
Developing appropriate means of multidimensional intelligence assessment will demand
much from researchers and educators alike. When more appropriate appraisals are for-
mulated, the description of individual children’s abilities will become more complete
and accurate.

Conclusions

IQ testing has had momentous consequences.
—GouLD (1981, p. 150)

Two models have dominated our understanding of intelligence. The monistic view holds
that the mind is best represented as a single (if complex) entity or unified set of pro-
cesses. The pluralistic view maintains that intelligence is more than coordinate linguis-
tic and logical-mathematical abilities that without more specialized systems provide
an incomplete description of cognitive capacity. The development of the psychometric
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IQ test to identify general aptitude was a landmark in the field of intelligence research.
However, multiple cognitive abilities are, at best, only imperfectly measured by tests
of general intelligence. In addition to the general-purpose skills measured by IQ tests,
human beings also possess several specific-purpose cognitive systems that are somewhat
independent of 1Q. Perhaps, then, existing IQ measures evaluate only a meager bit of
intelligence. With the advent of more sophisticated multidimensional assessments, both
general and domain-specific abilities will be identified. The developers of mental tests
have always acknowledged that more predictive instruments would come from more
exact and advanced knowledge of the nature of human abilities.

Many traits that human beings use in solving problems—determination, imagina-
tion, leadership, social understanding—are not addressed by intelligence tests. Moreover,
in addition to intelligence, personality, motivation, interest, and other characteristics are
important determinants of success in school and in life. The hierarchical (three-stratum)
approach to mental functioning, spelled out in this chapter, is intended to provide guid-
ance for further research concerning cognitive abilities and their structure. Procedural
details and statistical methods aside, the take-home message for educators like our hypo-
thetical classroom teacher may be relatively straightforward. To wit, we need to see in
the forest of students in front of us the individual saplings, and appreciate the unique
nature and structure of each one. Thus, hierarchical theory has major implications for
the practical assessment and tuition of children in educational settings. If the stance of
educators and researchers toward the nature and role of intelligence were that intellec-
tual competencies represent positive forces, and that their development and application
could be advanced through education and training, perhaps objections to intelligence
tests would fall away, and their validity and utility would be further enhanced.
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SOCIAL AND EMOTIONAL DEVELOPMENT

he socioemotional domain is intertwined with that of children’s academic

development. Out of necessity we often separate the two domains to exam-
ine them in depth. In this section, the authors address social and emotional
development, beginning with the initial manifestations of these behaviors in
home settings, then moving to the preschool and primary classroom settings.

To begin this section, Ross A. Thompson and Miranda Goodman (Chapter
8) provide a detailed examination of the development of self, relationships, and
socioemotional competence as the foundation for early school success. They
organize their work into three sections. First is the element of self-development
and its relevance to early learning. Here the authors take the reader through a
detailed analysis of self-awareness, self-regulation, social and emotional under-
standing, and initiative in learning. Second, they focus on social interaction
skills and strategies that might be especially important to competence in group
learning, discussing how children learn to interact with adults who are not
their primary caregivers, and with peers. As part of the analysis of interac-
tion skills, they discuss cooperation and responsibility, noting that children are
motivated to cooperate because of not only rewards or punishments but also
their emotional attachments to their caregivers. Third, the authors examine the
importance of relationships within the classroom and at home that influence
early learning, and describe how these relationships evolve over time to become
more stable and sophisticated.

Following on this work, Susan D. Calkins and Amanda P. Williford (Chap-
ter 9) provide an in-depth analysis of the construct of self-regulation, and dem-
onstrate how self-regulation is related to school readiness. They conceive of
self-regulation as a set of specific processes, namely, control mechanisms that
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function at the biological and behavioral levels. These control mechanism enable
an individual to manage arousal, attention, emotion, behavior, and cognition
in an adaptive way. Self-regulation begins early in life and continues across the
early childhood years. Self-regulation occurs through the acquisition of an inte-
grated set of domain-specific self-regulatory mechanisms, namely, biological,
attentional, emotional, behavioral, and cognitive. Each of these mechanisms
is examined in depth, and its impact on school functioning is described. Fol-
lowing these descriptions, the authors provide a translation of the research on
these domains for educational practices, especially in the preschool setting.
Two intervention programs that are effective in preschool and primary grades
are then described as accessible tools for teachers and administrators to pro-
mote children’s self-regulation.

Following these two chapters that present complementary analyses of chil-
dren’s social development, Janet E. Thompson and Kelly K. Twibell (Chapter
10) move the reader into considerations of curriculum principles that can con-
tribute to the growth of many of the capacities identified by Thompson and
Goodman in Chapter 8. They illustrate how a well-designed early childhood
curriculum can help teachers facilitate the growth of children’s cognitive skills
and their socioemotional skills, arguing that these two goals are not only com-
patible but also essential in preschool classrooms. They first present general
foundations for the kind of curriculum that can enhance children’s social and
emotional development. Next, they present three specific foundations that can
be used to promote social and emotional development in an early childhood
classroom: (1) the design of the classroom environment, (2) important elements
of the program’s daily routine, and (3) the child’s interactions with teachers.
Through their presentation, they identify curriculum practices that can encour-
age the development of specific aspects of social and emotional growth, and
illustrate one constructivist curriculum approach that effectively addresses
both socioemotional and cognitive skills development.

Taking a much more detailed look within early education classrooms, Kath-
leen Cranley Gallagher and Patricia R. Sylvester (Chapter 11) examine aspects
of children’s classroom-based peer relationships and pull from the developmen-
tal science findings that suggest ways teachers can support children’s social and
academic development. They describe four theoretical perspectives that help to
frame their discussions: social learning, social information processing, social
network, and ecological perspectives. First they consider classroom-based peer
relationships among typically developing children ages 3-8 years. They exam-
ine the meaning and role of children’s friendships, identifying the factors that
influence friendships during this time period. Next, they discuss peer groups
and the influence of play in children’s development. As part of their presenta-
tion, they include information on problems in peer relationships, such as bul-
lying and social isolation. They also include a detailed discussion of family,
home, and child characteristics (e.g., ability, gender) that influence the devel-
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opment of peer relationships. Specific reccommendations are made for teachers
and schools for supporting positive peer relationships.

To bring Part III to a close, Oscar A. Barbarin and Erica Odom (Chapter
12) focus our attention on subtle forms of stigmatization and intolerance that
take place very early in the lives of young children, resulting in many children’s
experiences of exclusion from groups and negative evaluations. Going into
more depth on issues raised by Gallagher and Sylvester (Chapter 11) on bully-
ing and social isolation, they challenge the reader with questions about how to
prepare children to “embrace life in a multicultural world in which differences
are respected and getting along with those who are different is valued” (p. 248).
They offer definitions of social acceptance and respect for diversity that have
implications for educators of young children. In particular, they offer a way
of thinking about the attitudes, dispositions, and behaviors related to social
acceptance and respect for diversity that leads to positive interventions in the
lives of children by sensitive adults. They conclude with a set of specific strate-
gies and activities that teachers can implement to support the development of
children’s positive attitudes and behaviors, including positive attitudes such as
altruism, empathy, tolerance, and fairness toward others, as well as strategies
to help children learn to value diversity among their peers and in their lives.






Development of Self, Relationships,
and Socioemotional Competence
Foundations for Early School Success

Ross A. Thompson
Miranda Goodman

hat are the foundational skills that contribute to school readiness and early academic

success? This question has been at the heart of public discussion of early achieve-
ment for more than a decade. As national attention has focused on how the achievement
gap in cognitive and linguistic skills emerges surprisingly early, and as public policy
has increasingly focused on standards-based accountability in schools, understanding
the determinants of early school success has become increasingly important. From the
beginning of this national discussion, educators and researchers have recognized that
social and emotional skills are central to early school achievement.

The National Education Goals Panel (1997) was inaugurated in the 1990s, with
the national consensus that school children in the United States were poorly prepared
for the scientific and technological challenges of the future. In urging that, by the year
2000, “all children shall enter school ready to learn,” the Panel outlined five dimensions
of school readiness based on the child’s (1) health and physical development, (2) emo-
tional well-being and social competence, (3) approaches to learning, (4) communication
skills, and (5) cognition and general knowledge. Building on this effort, a consortium of
17 states created the National School Readiness Indicators Initiative (2005) to identify
assessments of school readiness that could be used for policymaking and evaluation
purposes. Their core readiness indicators comprised six domains—children, families,
communities, health services, early care and education, and schools—to emphasize that
school readiness is a characteristic of not only young children but also the social sys-
tems that surround the child. Within the child domain, indicators of school readiness
focused on the child’s physical well-being and motor development, social and emotional
development, approaches to learning, language development, and cognition and general
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knowledge. In these two important national initiatives and in other ways, school readi-
ness has been perceived as a function of not only cognitive skills but also socioemotional
competence, motivational factors, and other influences.

These broad conceptualizations of school readiness by national panels are not mir-
rored, however, in how school readiness is presented in state-level early learning stan-
dards that shape early childhood education programs and primary grades instruction.
In a recent analysis, Scott-Little, Kagan, and Frelow (2006) reported that early learning
standards adopted by 46 states strongly emphasize cognitive and language competence,
and devote much less attention to socioemotional skills and children’s approaches to
learning. In some respects, it is understandable that state education administrators who
are concerned with boosting early academic achievement would emphasize cognitive
and linguistic skills, especially in an era of No Child Left Behind federal legislation that
holds schools accountable for student achievement in these areas. Education administra-
tors likely feel that it is best to emphasize the kinds of skills that are crucial to assess-
ments of children’s academic success. Indeed, the best predictors of early school reading
and math achievement are reading and math test scores taken late in the preschool years
(Duncan et al., 2007; LaParo & Pianta, 2000). But the emphasis on cognitive and lin-
guistic abilities does not account for why children develop such disparate competencies
in learning achievement during the preschool years, nor the factors that can help nar-
row the early-emerging achievement gap (for an authoritative review of research on this
issue, see Bowman, Donovan, & Burns, 2000).

Indeed, quite a different picture of school readiness emerges when kindergarten
teachers and the parents of young children are interviewed (National Center for Edu-
cation Statistics, 1993, 1994). For parents and teachers, two of the three most impor-
tant qualities for early learning are being “enthusiastic and curious in approaching new
activities” and “communicates needs, wants, and thoughts verbally in the child’s pri-
mary language.” Teachers also highly rate “can follow directions,” while parents listed
“takes turns and shares” and “sits still and pays attention” as essential qualities. The
lowest rated qualities for both parents and teachers are traditional academic skills such
as “knows the letters of the alphabet,” “can count to 20 or more,” and “able to use
pencils or paint brushes,” perhaps because these skills can be easily taught in a kinder-
garten or primary grade classroom. Other surveys of kindergarten teachers indicate that
difficulty in emotional or behavioral self-control, limited social skills, and lack of enthu-
siasm or interest in learning are some of the challenges to school readiness in the young
children they teach (see Lewit & Baker, 1995; Rimm-Kaufman, Pianta, & Cox, 2000).
Consistent with these concerns, behavioral and emotional problems account for serious
problems in the early childhood education classroom and can provoke the removal of
the child from the group (Gilliam, 2008; Yoshikawa & Knitzer, 1997).

The importance of socioemotional competencies for school readiness and early aca-
demic success remains, therefore, somewhat uncertain. Although national panels and
the experience of teachers and parents together indicate that these competencies are
important to school success, state-level early learning standards are focused more nar-
rowly on cognitive and language skills. Our purpose in this chapter is to explore the
significance of socioemotional development to early school achievement. We address the
following questions: Is the development of self, social interaction skills, and relational
competencies important to school achievement? What does developmental research
indicate about how children grow in these areas during the preschool and early school
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years? What do we know about their relevance to school readiness and school suc-
cess? Is there value in efforts to foster these competencies along with the cognitive and
linguistic skills that are more typically encouraged in preschool and the early primary
grades? How, in general, should we conceptualize school readiness?

This chapter is organized in three sections. The first focuses on elements of self-
development (including motivational qualities) relevant to early learning. The second
concerns social interaction skills and strategies that might be especially important to
competence in group learning. The third section focuses on the importance of relation-
ships within the classroom and at home as influences on early learning. We conclude
the chapter with comments that draw together the implications of this discussion for
how we should think about school readiness and the foundations of early school suc-
cess.

This chapter is based on work conducted for the development of the California Pre-
school Learning Foundations (California Department of Education, 2008), for which
Ross A. Thompson was primary author. This state learning foundation document is
unusual in that it articulates to early childhood educators the dimensions of socioemo-
tional development relevant to school readiness. Together with companion documents
from the California Department of Education on infant-toddler learning foundations
and early learning standards in the primary grades, it underscores the multidimensional
origins of school success. Although in this chapter we do not discuss the implications
of this work for early education practice and instruction, J. Thompson and Twibell
(Chapter 10, this volume) describe curricular strategies and classroom practices that
can enhance socioemotional growth in an early learning environment that also fosters
cognitive, language, and other academic skills.

Development of Self

At the core of learning is the child and the personal qualities that motivate or inhibit
new understanding. Children approach new challenges enthusiastically and with confi-
dence in their capabilities or, less often, with disinterest and uncertainty about whether
they can discover the answers to the questions that interest them. They approach the
classroom environment with capacities for behavioral, cognitive, and emotional self-
control and understanding of other people that significantly color their learning expe-
riences. In this section, we consider five aspects of the development of self that are
especially relevant to early learning and school success. First, a child’s self-awareness is
important to the self-confidence, conceptions of ability, and self-concept that motivate
new learning. Second, classroom learning requires self-regulation of attention, thinking,
behavior, feelings, and impulses, so that children can cooperate with peers and adults.
Third, classroom success also requires social and emotional understanding, by which
children are able to comprehend and to respect how they differ and are similar to those
with whom they learn and work. Fourth, a capacity for empathy and caring enlists
this understanding into compassionate responses when peers are distressed. Fifth, but
perhaps most important to early learning, a child’s initiative in learning denotes the
qualities of curiosity, enthusiasm, and pleasure in discovery that make children active
learners and engaged participants in classroom activities. Each of these qualities is dis-
cussed in this section.
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Self-Awareness

Developmental research shows that early learning is motivated by how children regard
themselves as learners, particularly the self-confidence with which they approach new
challenges (Dweck & Leggett, 1988). This early-emerging “mastery motivation” can
be readily observed in infants and toddlers (MacTurk & Morgan, 1995), and is part
of what motivates very young children eagerly to explore their surroundings, to figure
out how things work, to persist when initial efforts fail, and to master new skills. This
early form of self-awareness grows as children mature through the preschool and early
primary grade years to incorporate expanding awareness of themselves as unique physi-
cal and psychological individuals (Harter, 1999). A young preschooler’s self-awareness
is initially based on simple, observable, external and physical attributes and skills (e.g.,
“I have red hair,” “I run fast”). Preschoolers also at times reveal an unrealistically opti-
mistic and positive self-regard that may place them at risk for engaging in behaviors they
are not actually capable of completing successfully (e.g., 3-year-olds may try to climb
higher on playground equipment than they can safely navigate, or try and fail to solve
problems that are not age-appropriate) (Harter & Pike, 1984).

Older preschoolers exhibit a more sophisticated self-awareness that includes inter-
nal, psychological characteristics (e.g., “I am nice”). Research has indicated an emerg-
ing awareness of these internal traits in children as young as 4 to 5 years old (Marsh,
Ellis, & Craven, 2002; Measelle, Ablow, Cowan, & Cowan, 1998). By the kindergarten
years, social comparison (e.g., “Tony is bigger than me”) has also become an impor-
tant part of self-awareness and will become ever more important during the elementary
school years (Pomerantz, Ruble, Frey, & Greulich, 1995). Taken together, self-concept
and self-confidence develop significantly during the preschool and early school years,
with significant implications for children’s motivation to succeed in academic (and non-
academic) contexts.

How is self-concept shaped? Throughout this period, young children are very
sensitive to how significant adults evaluate their behavior and performance, and how
adults comment on their characteristics and value (Stipek, 1995; Stipek, Recchia, &
McClintic, 1992). Consistent with classic concepts of the “looking-glass self,” young
children readily incorporate into their self-awareness the evaluations they receive from
parents, as well as from teachers and other adults who matter to them. As they become
more sensitive to social comparison information and make spontaneous evaluations of
themselves in relation to peers, grade schoolers become vulnerable to challenges to self-
esteem arising from the discovery that they cannot do the things other children can do,
especially if these are valued skills in the classroom or playground (e.g., “Her drawing
is nicer than mine”). In these situations, teachers support children’s academic motiva-
tion when they encourage them to view progress in skills development as an important
and desirable goal, emphasize their abilities to succeed, and attribute children’s failures
to lack of effort or persistence—which can be improved—rather than intrinsic ability,
which is more difficult to change (Dweck & Leggett, 1988).

Self-Regulation

“Self-regulation” can be viewed as the ability to suppress a dominant response and
to perform instead a subdominant response. Thus, it is relevant to a variety of essen-
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tial capabilities in classroom learning, including concentration of attention (and ignor-
ing distractions from elsewhere or from the child’s own impulses), focused thinking
(and suppressing irrelevant thoughts or desires), behavior management (and subduing
contrary impulses), regulation of sociability (and suppressing antisocial impulses; e.g.,
aggressive responses), and control of emotions (Kopp, 2002; Thompson, 2002; Thomp-
son & Raikes, 2007). Indeed, several studies have shown that differences in these self-
regulatory abilities are predictive of children’s math and reading achievement in the
early elementary school years (Alexander, Entwisle, & Dauber, 1993; National Institute
of Child Health and Human Development [NICHD] Early Child Care Research Net-
work, 2003). In one study, a behavioral measure of attentional self-regulation predicted
first-graders’ reading achievement scores independently of vocabulary and a prior mea-
sure of kindergarten reading ability (Howse, Lange, Farran, & Boyles, 2003). Other
studies have shown significant associations between children’s self-regulatory skill and
independent measures of social competence, conscience development, and psychological
adjustment (see, e.g., Eisenberg, Hofer, & Vaughan, 2007; Kochanska & Knaack, 2003;
Zelazo & Cunningham, 2007).

The preschool and early grade years witness significant advances in self-regulatory
capability in all areas, as reflected in the difference between a toddler’s impulsivity
and the more socialized, self-controlled conduct of a second-grader. Advances in brain
development are one explanation for these achievements, particularly in higher brain
regions relevant to self-control (Bunge & Zelazo, 2006; Diamond & Taylor, 1996). Par-
ents also guide the development of strategies of self-control (e.g., coaching children to
look away from a forbidden treat or to use words rather than hitting when angry) that
children can later use on their own. Parents and teachers also foster the growth of self-
regulation as they increasingly use explanations, negotiation, appeals to self-image, and
other strategies to enlist children’s behavioral cooperation through self-control rather
than through the adult’s proactive intervention or rewards alone. As a consequence, by
the end of the preschool years, young children have begun to master a widening variety
of strategies of self-control. With respect to emotion regulation, for example, young
children begin to comprehend how their feelings can be managed by seeking another’s
assistance, avoiding or ignoring emotionally arousing situations (e.g., going to another
room when a scary TV show is on), redirecting attention or activity in more emotionally
satisfying ways (e.g., quitting a game that one is losing), using reassuring self-talk and,
later, through psychological means, such as internal distraction (Thompson, 1990).

As parents and teachers know, however, self-regulatory skills are not well con-
solidated even by middle childhood, and children of any age vary considerably in their
self-control. Beyond parental coaching and other specific strategies, research shows that
the general support and sensitivity of parental care foster self-regulatory competence in
children; conversely, adult punitiveness and overcontrol undermine it (Fox & Calkins,
2003; see Calkins & Williford, Chapter 9, this volume). Children who live in difficult
circumstances may reveal the effects of stress in their deficits in emotional and behav-
ioral self-control in the classroom, playground, or elsewhere (Brooks-Gunn & Duncan,
1997; Shaw, Gilliom, & Ingoldsby, 2003). For this reason, it is important for teachers
to be aware that the difficult behavior of a child who cannot pay attention or sit still
may arise for many reasons, including family stress, developmental immaturity, inap-
propriate expectations, or other factors independent of willful obstinacy. Teachers can
also encourage competency in the many domains affected by self-regulatory abilities by
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being mindful of the dramatic differences in self-management between children entering
preschool and those getting ready to enter kindergarten. Kindergartners are more per-
sistent in problem-solving tasks, for example, and more capable of following directions
(e.g., cleaning up in preparation for another activity), although they still have a long
way to go in self-regulatory growth. Moreover, recent research indicates that carefully
designed classroom strategies can improve overall levels of self-regulation in preschool-
ers, which may lead to improved academic and social performance (see Diamond, Bar-
nett, Thomas, & Munro, 2007). Teachers who use activities involving self-regulation,
such as encouraging children to talk through their problem-solving strategies and pro-
moting sociodramatic play, may strengthen these skills, and the academic and social
competencies with which they are associated.

Social and Emotional Understanding

For a long time, scientists and practitioners believed that young children are egocentric
and have considerable difficulty distinguishing their own thoughts and feelings from
those of others. New research refutes this view, however, and presents an image of
young children who care deeply about the thoughts and feelings of others, and are inter-
ested in how those thoughts compare to their own (see Thompson, 2008). With this
transformed view of the young child has come the recognition that social and emotional
understanding is an essential part of early social competence. Children who are more
socially and emotionally perceptive are superior playmates and get along better with
adults, and the association between socioemotional understanding and social compe-
tence extends from preschool into elementary school (see reviews by Denham, 2006;
Denham & Weissberg, 2004). These findings are relevant to school readiness and early
academic achievement because of the connections between children’s social and scho-
lastic lives. Young children who are more competent in understanding others’ feelings
have been found, for example, to become more academically competent in elementary
school, perhaps because of their more successful peer and adult relationships (Izard,
2002; Izard et al., 2001; see also Raver, 2002; Raver & Knitzer, 2002).

Developmental researchers portray the growth of social and emotional understand-
ing in terms of an emerging “theory of mind”—that is, a child’s developing understanding
of other people’s internal mental states and how these states motivate behavior. Between
the ages of 3 and §, children progress from a theory of mind primarily concerned with
how simple desires, feelings, and goals motivate behavior to a more advanced under-
standing of how people’s thoughts and beliefs also contribute to behavior (see Harris,
2006; Wellman, 2002). Children learn that beliefs can be mistaken, which leads to the
realization that people can be misled or fooled. Young children also learn that ¢hey can
fool others, and that they can conceal or mask their own feelings and beliefs (e.g., when
denying wrongdoing or conveying appreciation for an undesirable gift).

A developing theory of mind leads to other achievements in psychological under-
standing. One is growth in understanding others’ emotions. During the preschool years,
children become increasingly aware of the psychological basis of emotional experiences
(e.g., Joey is mad because he can’t go outside to play) (Denham, 1998, 2006; Thompson
& Lagatutta, 2006). This awareness leaves them better equipped to understand and
interact with their classmates in an increasingly sophisticated fashion. Another signifi-
cant gain during the later preschool years involves children’s event knowledge. Children
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begin to understanding and predict familiar routines, such as those they encounter in
their classroom, which contributes to their sense of predictability and control in daily
experience (Hudson, 1993; Nelson, 1993). Growing awareness of diversity in gender,
culture, and ethnicity is another significant development of children’s social understand-
ing during the preschool years (Aboud, 2005; see also Chapter 12 by Barbarin & Odom,
this volume). Finally, young children begin to grasp the concept of personality and how
it contributes to stable features of individual behavior (Giles & Heyman, 2005; Heyman
& Gelman, 2000).

There are many examples of children’s burgeoning social and emotional under-
standing throughout the preschool and early primary grade years. Although younger
preschoolers may notice and comment on their peers’ emotional states, their descrip-
tions are likely to be behavioral and focused on external factors (e.g., Sally was crying
because her toy broke). As children approach the primary school years, however, they
become more capable of describing emotions directly and can attribute more complex
psychological motives for them. A kindergartner, for example, would be able to recog-
nize that her classmate felt sad because he thought his mother was not going to arrive to
get him, whether or not it was actually true. Children’s efforts to describe and explain
others’ feelings provide opportunities for teachers to discuss children’s feelings and their
causes, and to help children understand why their peers feel and respond as they do.

Empathy and Caring

An important consequence of young children’s increasing social and emotional under-
standing is their capacity to respond empathically to others in distress. “Empathy” con-
cerns a person’s resonant emotional response to another’s distress, a response that can
be observed even in infants and toddlers. “Caring” concerns a person’s efforts to help
that distressed person, which often (but not always) derives from empathy. The distinc-
tion is important because young children may feel empathy but not yet be capable of
acting in a helpful, caring manner. Knowing how to respond to a peer in distress is a
difficult task for a young child (more difficult still is responding to a distressed adult),
but a failure to help should not be interpreted as a lack of emotional concern in a young
child. A 3-year-old may pay close and questioning attention to a crying peer, and may
even become mildly upset, but he or she may not reliably offer any genuine assistance
to help the situation. Older children, however, may work to cheer a distressed classmate
by offering a favorite toy or a hug. As children enter elementary school, their capac-
ity for appropriate and situation-dependent responses increases (Eisenberg, Spinrad, &
Sadovsky, 2006; Thompson, 1998). A 5-year-old may offer to help repair a broken toy
or to verbally comfort another child by addressing specifically what is bothering the
child (e.g., “Don’t be scared. It’s just a puppet”).

Gains in empathy and caring lead to greater social competence and to children
who are more actively engaged in the well-being of their classmates, teachers, and the
greater school environment. Late in preschool and into the primary grades, children also
become more aware of what they perceive as unjust or unfair behavior (Killen, Pisacane,
Lee-Kim, & Ardila-Rey, 2001). If a peer is being teased, for example, they may actively
come to their defense. Children at the transition between preschool and the primary
grades also become more interested in caregiving, whether bringing a special treat for
the class pet or offering water to a classmate who is coughing. Teachers can encourage
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competencies in this domain by allowing their students to be involved in comforting and
providing care for other people.

Initiative in Learning

How young children approach the challenges of learning and problem solving is an
essential component of their academic success and school competence. Their “initiative
in learning,” which can be defined as the child’s classroom engagement, motivation, and
participation, is an important predictor of classroom achievement in kindergarten and
throughout elementary school (Alexander et al., 1993; Duncan, Claessens, & Engel,
2005). Children bring to the classroom their natural curiosity and interest in learning,
and through positive educational experiences gain confidence in their abilities to make
their own intellectual discoveries (Thompson, 2002). This is especially true when par-
ents and teachers actively solicit children’s ideas and questions, encourage them to take
the lead in investigating a new discovery, and positively affirm their eagerness to learn.
There are also important developmental changes in children’s initiative, persistence,
and enthusiasm in the classroom. Although younger preschoolers approach novel learn-
ing situations with confidence and enthusiasm, they are also more likely to experience
frustration when confronting difficult problems and give up. Older preschoolers and
children in the primary grades show greater persistence and also greater creativity and
initiative in their problem solving (Bowman et al., 2000; Renninger, Hidi, & Krapp,
1992).

Though most children have a natural interest in learning and discovery, they bring
considerable individual differences, beginning in early childhood, in self-confidence,
enthusiasm, and motivation to new learning situations. Several studies have shown that
children develop unique learning styles that influence the initiative they take in their
learning experiences and how persistent they will be when faced with difficult chal-
lenges (Burhans & Dweck, 1995; Dweck, 2002; Dweck & Leggett, 1988). Much of
the research has focused on two different orientations toward learning: performance
orientation and learning orientation. For a child with a “performance orientation,” the
primary goal of learning is to elicit positive evaluations from others and to avoid nega-
tive judgments. As a consequence, these children may avoid or fail to persist in situa-
tions where success is unlikely, and they may miss important educational opportunities.
Furthermore, performance-oriented children are vulnerable to developing learned help-
lessness, whereby they tend to give up after failing due to a lack of confidence in their
ability ever to succeed.

For children with a “learning orientation,” on the other hand, the purpose of learn-
ing is to increase their abilities. A learning-oriented child is more likely to tackle dif-
ficult challenges and to persist even if early efforts are unsuccessful. For these reasons, a
strong learning orientation best predicts classroom achievement. Differences in learning
orientation have been found to emerge as early as the late preschool years (Burhans
& Dweck, 1995; Smiley & Dweck, 1994) and may arise from a variety of influences.
One of the most important influences is how teachers and parents respond to children’s
achievement successes and failures: Adults who emphasize children’s efforts and intrin-
sic abilities contribute to the development of a learning orientation in children. Extrinsic
motivators, such as stickers or other rewards for good performance, should be used only
sparingly, and strong effort should be valued even if it results in initial failure. Young
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children also need encouragement to persist in their efforts to solve difficult learning
challenges.

Another way for adults to encourage persistence and a strong learning orientation in
young children is to structure carefully the achievement challenges they offer children.
It is important to ensure that these challenges not only are within children’s capabilities
but also contribute to the development of new knowledge and skills. The development
of complex skills can be fostered by teachers who reinforce partial achievements and
approximate competence, provide clear explanations and prompts as children are work-
ing, and exhibit confidence in the children. In these and other ways, young children
have successful learning experiences and develop the self-regard that is part of a strong
learning orientation.

Development of Social Interaction Skills

The personal qualities we discussed earlier that contribute to academic achievement are
important. But classroom learning is also a group activity in which children’s capacities
to interact constructively with teachers and peers, and to understand their shared roles
and responsibilities as group members are also essential qualities to academic achieve-
ment. A young child who cannot cooperate with other children, follow the teacher’s
instructions, manage transitions in the daily classroom routine, or who fails to perceive
him- or herself as both an individual and a member of a “classroom community” is
unlikely to benefit as well from classroom instruction as children who can. In this sec-
tion, therefore, we consider four kinds of social interaction skills that are relevant to
classroom competence and early learning. First, children’s interactions with familiar
adults are important for understanding the social skills, trust, and mutual respect that
underlie their encounters with teachers, volunteers, and other adults. Second, interac-
tions with peers are also important for young children’s abilities to work and play con-
structively with other children in the classroom. Third, we consider children’s develop-
ing capacities for cooperation and responsibility, which involve following instructions
and responding appropriately to the behavioral expectations of adults. Finally, we dis-
cuss skills of group participation, which involve understanding how to participate with
other children and adults in shared activity and one’s role as a classroom member. Each
of these four kinds of social interaction skills is discussed in the pages that follow.

Interactions with Familiar Adults

During the preschool and early school years, children must adjust to regularly interact-
ing with adults who are not their primary attachment figures. These teachers and teacher
aides, volunteer staff, center directors or principals, parent volunteers, and other adults
are part of the constellation of people with whom children interact in their preschools
or early primary grade classrooms. Although these adults do not necessarily serve as
sources of comfort and security in the way that children’s attachment figures do, chil-
dren must be able to navigate interactions with them competently to succeed in school
because adult—child interactions are essential contributors to classroom learning.

The social capabilities of young children with familiar adults build on many of
the developing capacities we discussed earlier (Thompson, Goodvin, & Meyer, 2006).
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Interactions with adults require self-regulatory skills, including children’s focused atten-
tion and behavioral self-control when working with another on a learning activity. Chil-
dren must be capable of understanding and behaving according to what is expected of
them; communicating clearly their ideas, feelings, and experiences; asking questions
about things they do not understand; seeking assistance, when necessary; and respond-
ing cooperatively as a member of the classroom group. Advances in self-awareness and
in socioemotional understanding enable children to function better in a group and
to respond more perceptively and appropriately to the behavior of adults and other
children—although, as indicated earlier, this ability may be enlisted for purposes of
deception and manipulation as children begin to understand how they may deliberately
mislead others’ thoughts.

Important developmental changes in these capacities occur during the preschool
years and early primary grades. A young preschooler shows increasing ease in interact-
ing with adults who become familiar to the child. Children of this age may show off
their accomplishments, seek the adult’s assistance, and respond to the adult’s initiatives
or requests with increasing self-confidence. Older preschoolers are capable of greater
initiative and engage in more sustained interactions with an adult, such as cooperating
with a classroom aide in the give-and-take of solving a problem set, or participating
in an extended conversation about the morning’s events, with the child contributing
new and relevant information. By the primary grades, children understand better the
roles of the various adults in the classroom and engage these adults in appropriate ways
throughout the day. Adults contribute to these skills when they respond with interest
and enthusiasm to children’s initiatives, model respectful social interaction and com-
munication, coach children about how to interact with other adults, and encourage
children to share their ideas and experiences with confidence.

Interactions with Peers

Beyond the academic skills they acquire, classroom learning presents unparalleled oppor-
tunities for young children to develop social skills with peers. Unfortunately, develop-
mental scientists and practitioners have tended to underestimate the skills and sophisti-
cation of young children’s interactions with peers, focusing instead on episodes of peer
conflict as confirmation of young children’s egocentrism and limited social interest.
Current research has revealed, however, that considerable social understanding under-
lies preschoolers’ capacities to read the cues of other children and respond appropriately,
whether in shared tasks, brief conversations, or pretend play. We described the advances
in social understanding that enable these peer interaction skills as deriving from young
children’s developing “theory of mind” and its contributions to greater insight into other
children’s feelings, goals, desires, thoughts, and ideas. In addition, the preschool years
and early primary grades witness significant advances in conflict resolution skills, such
that children become more adept and resourceful in their efforts to manage social con-
flict with other children in a constructive manner. Indeed, rather than an indication of
their limited social understanding, conflict with peers is actually an important forum
for the development of social understanding and social skills in early childhood.
Because peers are such a significant feature of the classroom environment, interac-
tions with peers are an important influence on academic achievement. Children who
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have positive peer relationships look forward to coming to school and become more
involved in learning activities, thus benefiting more from them. Studies have shown that
students with high peer acceptance participate in more classroom activities and achieve
more in the classroom (Ladd, Birch, & Buhs, 1999; Ladd, Kochenderfer, & Coleman,
1996, 1997). Peer rejection is a problem not only because of children’s feelings of lone-
liness but also because rejection causes children to withdraw from involvement with
peers in the classroom, express a desire to avoid school, and perform more poorly on
academic achievement measures (Buhs & Ladd, 2001).

The preschool years and early primary grades are a period of rapid growth in the
breadth and sophistication of peer interaction skills (Rubin, Bukowski, & Parker, 2006).
Young children advance from simple activity in parallel with one or two playmates to
more complex and genuinely interactive activity with several other children. Older pre-
schoolers and kindergartners also become more adept at the skills that make peer inter-
action go smoothly, including better communication skills, emotional understanding,
sharing, and mutual cooperation (e.g., spontaneous turn taking), which are based on
the previously discussed advances in social understanding. These are important founda-
tions for elementary school, where classroom group size is typically larger and children
are expected to participate in group activities. During the early primary grades, children
add to their social repertoires a growing comprehension of fairness in peer interac-
tions (Killen et al., 2001), an expanding range of social problem-solving skills (Crick &
Dodge, 1994), and greater emotional understanding and sensitivity (Denham & Weiss-
berg, 2004; Izard et al., 2001). However, it is important to note that in one longitu-
dinal study, kindergarten teacher ratings of social skills and aggressiveness were each
positively associated with first-grade teachers’ ratings of student achievement (Dowsett
& Huston, 2005). One interpretation of this finding is that assertiveness, as well as
cooperation, may be important to peer acceptance.

Changes in pretend play also reflect these developing social skills. Pretend play is
itself a complex activity involving the coordination of behavior of several children in
multiple pretend roles according to a shared sociodramatic “script.” Yet this hallmark
of preschool peer play blossoms in sophistication as young children proceed from brief
episodes of pretense to longer, unfolding dramas involving well-coordinated roles, self-
correction, and mutual responsiveness (Goncu, 1993; Howes, 1992). By the end of the
preschool years, children plan complex pretend-play scenarios, correct each other for
deviations from the roles they have assumed, stage-manage new directions in the story
flow, and easily integrate new children (and roles) into the activity. That older preschool-
ers are capable of this kind of complex sociodramatic play confirms our new apprecia-
tion of their social understanding and self-regulatory competencies.

Early childhood also witnesses changes in the nature of peer conflict and growth
in conflict resolution strategies. Younger preschoolers are more likely to respond to
disagreements with physical aggression, whereas older preschoolers may rely more on
verbal aggression, such as teasing, that reflects growth in self-control (Tremblay, 2000).
When disagreements arise, an older preschooler may also be capable of suggesting sim-
ple strategies to alleviate conflict (e.g., offering to take turns playing with the toy truck
that several children are fighting over), alternative activities, or negotiation (Howes,
1987, 1988). These conflict resolution strategies, which continue to develop during the
elementary school years, are essential to children’s social competence and, therefore, to
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school competence. For this reason, educators should strive to support and assist chil-
dren in developing and utilizing these skills, as well as help them understand the feelings
and viewpoints of other children, suggest and model constructive interaction skills, and
reinforce cooperative efforts.

Cooperation and Responsibility

For many years, guided by the theories of Piaget and Kohlberg, researchers viewed
young children as being motivated to cooperate by the rewards and punishments of
adult authorities (e.g., a preschooler cleans up the art materials so the teacher doesn’t
get annoyed). However, just as recognition of children’s social and emotional compe-
tence has evolved in recent decades, so has a new view of the early growth of coopera-
tion and responsibility emerged. Studied under the term “conscience development,” this
new approach recognizes that children are motivated to cooperate based on not just
rewards and punishments but also their emotional attachments to their caregivers, a
desire to view themselves with positive regard, and their sensitivity to the feelings of
others (Kochanska, 1997, 2002; Thompson, Meyer, & McGinley, 2006).

Because of their strong emotional connections to caregivers, preschoolers seek to
cooperate with the adults’ expectations from a desire to maintain a mutually coopera-
tive relationship. An adult’s disapproving vocal tone after child misbehavior may pro-
voke an apology not only to avert anticipated punishment but also to restore a positive
relationship with an adult on whom the young child relies emotionally. Thus, positive
relationships with parents, teachers, and other adults are an important resource for the
growth of conscience. Furthermore, as young children become increasingly sensitive to
the feelings and needs of others, they also are motivated to behave in a way that will
not cause distress to other people. By the end of the preschool years, another important
resource for conscience development emerges. Young children come to view themselves
more positively when they cooperate and act responsibility, which further motivates
these behaviors. Their positive self-regard when acting in an approved fashion derives
in part from the adult approval they obtain, but it is an internal rather than external
reward. In short, young children are motivated toward cooperative, responsible conduct
because of not only external motivations (rewards and punishments) but also an internal
standard of behavior based on a desire to maintain positive relationships with adults
who matter, and to view themselves as cooperative and good individuals. This internal
standard is a much more mature and reliable basis for cooperative conduct because it
does not depend on the responses of adult authorities, and its foundations develop dur-
ing the preschool years.

The capacity to behave cooperatively and responsibly (an important component of
group participation) is a significant predictor of early school success because responsible
behavior not only fosters better relationships with teachers and peers but also enhances
children’s involvement in learning activities (teachers may also pay more attention to
children who are cooperative). Research has shown that individual differences in chil-
dren’s cooperation are directly associated with children’s early academic achievement.
McClelland, Morrison, and Holmes (2000) found, for example, that “work-related
skills” in kindergartners (e.g., compliance with instructions; completion of work) pre-
dicted children’s academic achievement 3 years later, even after they controlled for ear-
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lier academic achievement (see also Alexander et al., 1993; Yen, Konold, & McDermott,
2004). Of course, the development of cooperation and responsibility is built on many of
the other developmental domains discussed in this chapter. Self-regulation plays a par-
ticularly key role because cooperation often requires one to suppress an initial response
to comply with a behavioral standard. Developing self-awareness also plays a key role
because it enables older preschoolers to view themselves positively and approvingly
when they behave cooperatively.

Because much cooperative behavior is directed toward teachers and caregivers, it
is relatively easy to witness developmental changes in cooperation and responsibility.
Adult support is especially important early in the preschool years, when young children
may strive to behave cooperatively but lack the self-regulatory capacities to do so consis-
tently or when strong contrary impulses are involved (e.g., when distressed or frustrated
by a peer). Teachers and adult caregivers can provide regular prompts about expected
behavior, comment gently about inappropriate conduct, reinforce desirable behavior,
and draw attention to children’s cooperative conduct as a model for others. Another
important contribution that adults provide to the growth of cooperation and responsi-
bility is to ensure that behavioral expectations are developmentally appropriate. When
young children are asked to comply with requirements that significantly stretch their
capabilities (e.g., expecting 3-year-olds to sit quietly for an extended period), the result
is frustration for children, as well as their teachers, and a breakdown in the positive
relationships that can be a foundation for cooperative conduct. Children’s cooperation
is enhanced by a mutually positive adult—child relationship. By contrast, when relations
are coercive or adversarial (which can occur when children’s behavioral problems are
particularly challenging), children may comply when adults are monitoring them but
misbehave on other occasions.

Group Participation

In preschool and primary grades, children become part of a “classroom community”
that requires them to participate as group members. Children may be expected to prac-
tice reading skills in pairs, create small groups for science projects, and participate in
whole-group activities. Understanding and applying the roles and responsibilities of
group membership contributes to the growth of social interaction skills and include
knowing what to do during group routines (e.g., circle time or recess) or games (e.g.,
Follow the Leader), helping to prepare for and clean up group tasks, understanding and
applying rules for classroom behavior (e.g., sharing and taking turns), managing transi-
tions in classroom activities, and participating in group projects. Because most of these
aspects of group participation require children to take other children’s interests into
consideration, they are an important basis for the social skills required of a primary
grade classroom. In these ways, group participation skills are essential components of
school success.

Fortunately, many of the developmental achievements discussed earlier provide a
foundation for these group participation skills. Developing memory skills and event
knowledge enables older children to remember daily routines and the behavior that is
expected of them (Hudson, 1993; Nelson, 1993). As a result, children anticipate gath-
ering and dismissal activities at the beginning and end of each day, are aware that
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cleanup activities must precede (and follow) snacks, know what to do before free-play
or painting projects, understand how the class prepares for mealtimes, and know what
they must do for each activity. Developing event knowledge also helps older children
manage transitions better because they can mentally anticipate the activities that follow
each transition. Growth in self-regulatory skills in turn enables older children to stay
on task better, apply behavioral expectations to their own conduct, and spontaneously
self-correct to maintain compliance (Bronson, 2000; Kopp & Wyer, 1994). In addition,
advances in behavioral and attentional self-control enable children to focus their inter-
est deliberately on the task at hand, sit still for longer periods of time without fidgeting
or becoming distracted, and participate in social activities in which specific timing and
turn taking are important (e.g., singing activity songs or playing a board game in which
players alternate moves) (Zelazo, Miiller, Frye, & Marcovitch, 2003). Furthermore,
with growth in self-awareness, young children can view themselves as not just individu-
als in the classroom but as members of a group (the entire class, a small study group, or
a collaborating pair) with cooperative goals and purposes. This capacity also builds on
growth in social and emotional understanding that enables children, in the context of
group activity, to coordinate their interests and goals with those of other children and
adults (Harris, 2006; Thompson, 2006). Finally, their developing sense of cooperation
and responsibility, motivated by the desire for adult approval and positive self-regard,
enhances older preschoolers’ commitment to cooperate with classroom procedures, to
anticipate them before being reminded and, at times, to remind other children about
them (e.g., “We wash our hands before lunch”).

Taken together, a variety of developing capacities contribute to young children’s
ability to participate constructively as group members. Because these skills are not fully
developed, however, children benefit from adults’ efforts to offer guidance and coaching,
including reminders about expected behavior, explanations about why the procedures
are the way they are, prompts (e.g., songs, games, or picture cards) to support effective
group participation, and praise and reinforcement of constructive conduct.

Development of Relationships

A central ingredient to school readiness and academic success is the quality of the rela-
tionships that young children share with others who are important to them. In their
first experience with child care or a classroom, preschoolers arrive with the legacy of
a parent—child relationship that has influenced their sense of themselves as learners,
their enthusiasm for discovery, and their interactions with other people. As their social
worlds expand, close relationships with special teachers, caregivers, and peers color
children’s experience of learning and motivation to succeed. Because these relationships
are important to learning, in this section we consider the influence of three kinds of
relationships that are central to early learning. First, we consider attachments to par-
ents and the foundation they provide to children’s self-confidence, learning skills, and
social competence. Second, we examine close relationships with teachers and caregivers
as a critical feature of the classroom environment to young children. Third, we discuss
friendships with peers because of the importance of peer acceptance to school adjust-
ment and classroom competence. Each of these three kinds of relationships is discussed
below.
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Attachments to Parents

Decades of research on early parent—child relationships have shown that young children
rely on their attachment figures for emotional security and well-being, and that these
relationships influence developing personality, social skills, self-concept, and under-
standing what other people are like (see Thompson, 2006). Experiences in close rela-
tionships tutor young children in understanding and respecting others’ views and feel-
ings, in negotiating differences of opinion, in learning to get along with other people, in
gaining self-confidence, and in valuing discovery. Perhaps for these reasons attachment
relationships also play an important role in the development of early school readiness
and school achievement. Children with more secure and supportive parent—child rela-
tionships subsequently exhibit greater academic success in kindergarten and the early
primary grades, have better work habits, are more socially competent in the classroom,
and show fewer conduct problems (Burchinal, Peisner-Feinberg, Pianta, & Howes, 2002;
Morrison, Rimm-Kauffman, & Pianta, 2003; NICHD Early Child Care Research Net-
work, 2005; Pianta, Nimetz, & Bennett, 1997). In one longitudinal study, Estrada,
Arsenio, Hess, and Holloway (1987) found that a measure of the emotional quality of
the mother—child relationship was associated with the child’s cognitive competence at
age 4, and was predictive of school readiness measures at ages 5 and 6, IQ at age 6, and
school achievement at age 12.

Most of this research focuses, of course, on the mother—child relationship in light
of mothers’ greater involvement in the lives of young children, but it is likely that these
conclusions extend also to father—child relationships. Moreover, the significant attach-
ment figures in a child’s life do not necessarily have to be biological parents. In some
cases nonbiological parents may take full responsibility for the child (e.g., when a child
whose biological parents are absent is raised by an aunt and uncle or a grandparent) and
these adults become “psychological parents” to the child. On other occasions, nonpar-
ents (e.g., a stepparent) may raise the child alongside a biological parent. Any adult who
assumes a parenting function in a child’s life, regardless of biological ties, can serve as
an attachment figure.

As children develop, their relationships with their caregivers change: Children
become less dependent on physical proximity and can better tolerate separations, and
they become more focused on building a relationship of mutual positive cooperation
(Marvin & Britner, 1999). At all ages, of course, children show clear preferences for
their primary caregivers, specifically seeking them out for comfort when distressed,
taking pleasure in demonstrating their achievements to them, seeking their assistance in
problem-solving tasks, enjoying shared activities and experiences with them, and being
able to talk about troubling topics that they do not feel comfortable discussing with oth-
ers. These and other behaviors reflect children’s emotional reliance on their attachment
figures at every age. As they mature, however, children take greater initiative in seeking
the support of their caregivers, and in striving to please and to cooperate with them.
They also become capable of better managing separations from their caregivers. Young
preschoolers may have difficulty coping with the parent’s departure in the morning,
especially if they are new to the classroom, and may require comfort from their teachers
and support throughout the day. Older preschoolers and children in the primary grades
can better cope with separations because they are more able to maintain satisfying men-
tal representations of attachment figures, and the relationship they share sustains them
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while they are away from their parents. Older children are also more capable of predict-
ing the parent’s return, maintaining emotional self-control, and engaging in classroom
activities and peer relationships while they are in the classroom.

Although teachers rarely have opportunities to observe directly the quality of chil-
dren’s interactions with their attachment figures, except when parents bring their chil-
dren to school and later pick them up, their recognition of the importance of these
relationships to their students can influence their interactions with children throughout
the day. Teachers can make family activities and relationships a topic of discussion in
the classroom, encouraging children to bring items from home to share and making
the family’s culture and language a focus of interest for the class. These activities can
contribute significantly to the growth of self-awareness when children are encouraged
to take pride in their family identity and experiences. Teachers also respect the impor-
tance of attachment relationships when they aid children in managing separations by
encouraging children to talk about their family caregivers and when they will return. At
times, family relationships are an important source of assistance when children exhibit
behavioral or emotional problems in class. On these occasions, consultation with chil-
dren’s attachment figures may create an important bridge between the family and the
classroom, helping teachers work with parents in identifying sources of assistance for
the child or the family.

Close Relationships with Teachers and Caregivers

Young children develop close relationships with not only nonparental figures at home
(e.g., grandparents) but also adults outside the home (Dunn, 1993; Howes, 1999). They
rely on their close relationships with certain teachers, caregivers, or other adults for a
sense of security, comfort when upset, and support for the challenges of the classroom.
This can be observed when a preschooler seeks the assistance of a particular teacher for
help (sometimes refusing the assistance of other adults), or when a first-grader eagerly
shares an experience at home with a classroom teacher to whom he or she has devel-
oped a special attachment. These relationships can motivate excitement about learning,
support self-confidence, and foster social development in many of the same ways that
parent-child attachments do.

Perhaps for this reason, a number of studies have found that the security and
warmth of a preschooler’s relationship with the teacher is predictive of subsequent class-
room competence, attentional skills, and social competence in the kindergarten and pri-
mary grade classroom (Pianta et al., 1997; for reviews, see Bowman et al., 2000; Lamb,
1998). In a similar manner, the quality of the teacher—child relationship in kindergarten
and the primary grades is important in children’s adaptation to school and their suc-
cess in the classroom, with conflict in the child—teacher relationship predicting poorer
academic performance and greater behavioral problems, sometimes much later in the
school years (Birch & Ladd, 1997; Hamre & Pianta, 2001; LaParo & Pianta, 2000;
Pianta & Stuhlman, 2004a, 2004b). Children who develop warm, positive relationships
with their teachers are more excited about learning, more positive about coming to
school, more self-confident, and achieve more in the classroom. A positive teacher—child
relationship may be especially important for young children who are otherwise at risk
of academic difficulty because of the support it can provide for classroom participation
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and self-confidence (Pianta, Steinberg, & Rollins, 1995). Thus, there is considerable
value in the growth of warm, close relationships between teachers and young children.

The behaviors that indicate a young child has developed a special relationship with
a preschool or primary grade teacher are similar to those reflecting parent—child attach-
ment. Children seek comfort, security, and support from the adults with whom they
have a close relationship, and prefer that person for shared activity when seeking assis-
tance or approval, displaying accomplishments, and sharing conversation, especially
about troubling topics. Children are particularly responsive to these adults’ behavioral
expectations and expressions of disappointment when they misbehave. This is not to say
that young children’s close relationships to teachers are the same as parent—child attach-
ments, nor that teacher—child relationships are as important to young children as their
relationships with parents (they are not). Rather, children seek support from significant
adults in multiple settings, and these special relationships often have shared—as well
as unique—meaning for the child. Multiple close relationships with adults at home and
elsewhere contribute significantly to young children’s social development and psycho-
logical well-being, and do not diminish the strength of their parental attachments.

As with the parent—child relationship, children take greater initiative and respon-
sibility for maintaining a mutually positive association with their special teachers as
they mature. Preschool and primary grade teachers can respect the importance of the
relationships they develop with children by responding positively and supportively to
children’s initiatives, being enthusiastic about their accomplishments, paying atten-
tion when children need assistance or comfort, and recognizing that different adult—
child relationships are not interchangeable in young children’s worlds. Another way
that teachers respect the significance of these relationships to children is by working to
develop a friendly, cooperative association with children’s attachment figures at home.
In these and other ways, close relationships with teachers and adult caregivers provide
support for young children’s self-confidence and enthusiasm for school.

Friendships with Peers

Friendships with other children provide a foundation for school readiness and academic
success because they contribute to children’s positive classroom experiences, give them
a reason to look forward to coming to school, and contribute to academic achievement
(Ladd et al., 1996, 1997, 1999). Interactions with peers are, as we indicated earlier,
significant influences on children’s classroom experiences, and friendships enhance the
significance of peer associations through children’s close relationships with one or more
special peers.

The sophistication of these friendships increases with age (Parker & Gottman,
1989; Rubin, Coplan, Chen, Buskirk, & Wojslawowicz, 2005; Rubin et al., 2006). Dur-
ing the preschool years, friendships become increasingly stable, exclusive (i.e., a group
of friends playing tag may not allow another child to join in the activity) and reciprocal
(e.g., mutual assistance when a child is teased by other children). Because older children
are also more psychologically aware of the friendships they share, they place a greater
value on relationships (e.g., telling a parent that they want to go to school so that they
can see their friend). Children engage in more sophisticated forms of play (e.g., complex
imaginative play) and greater prosocial behavior with their friends. Somewhat paradox-



164 SOCIAL AND EMOTIONAL DEVELOPMENT

ically, preschoolers direct more affectionate and positive behaviors toward their friends
but also engage in more conflict with their friends than with nonfriend peers. Such
elevated levels of conflict probably arise because friends spend more time together than
do nonfriends. Conflict may also arise because there is greater emotion invested in the
interactions of friends, and such emotions can be difficult for young children to manage.
As children enter kindergarten, however, they are more likely to negotiate with friends
or adopt other strategies to keep conflict from escalating. They are also more capable of
maintaining friendships and allowing those relationships to recover from conflict (Gott-
man, 1983; Hartup, 1996; Parker & Gottman, 1989).

Teachers contribute to the value of friendships when they encourage young children
to enjoy shared activities with friends (while remaining vigilant to the consistent exclu-
sion of other children who may wish to join them), helping children to recognize and
respond appropriately to the feelings of their friends, and assisting them in conflict reso-
lution. Teachers should also remain watchful for students, particularly near the end of
their preschool years, who seem to have formed few close relationships with their peers.
Because friendship is such an important predictor of social competence and school suc-
cess, problems in this area should be taken seriously.

Concluding Comments

There is no doubt that linguistic, literacy, numeracy, and other cognitive skills are essen-
tial to school achievement. To acquire the skills needed for success in a complex infor-
mation and technological society, children must master foundational cognitive skills
early in life. But the growth of the mind does not occur independently of other features
of early childhood development. Whether children are being home-schooled or tutored,
have extensive or no preschool experience, or are being educated in a private or public
primary grade school, learning is a social activity that involves skills for interacting with
others. Learning also enlists the motivational qualities of the self, particularly the child’s
curiosity and interest in discovering new things, and the confidence that he or she can
succeed in doing so. And because early childhood development depends so significantly
on close relationships, the quality of those relationships has significant implications for
how children learn. Our conclusion in this chapter is that school readiness and early
school achievement enlist significant social and emotional capacities that make early
learning a multifaceted process.

Such a conclusion is consistent with research in developmental neuroscience, which
indicates the developing brain is a highly integrated organ that does not have inde-
pendently functioning regions to govern cognition, emotion, sociability, and other
basic human capacities (see Eichenbaum, 2003; LeDoux, 1996). Rather, brain areas
are mutually influential, such that memory function and cognition are affected by the
individual’s experience of emotion and stress, and the growth of neurobiological self-
regulatory capacities in the prefrontal cortex has implications for cognitive, emotional,
attentional, and behavioral self-control (for a review, see Thompson, 2008). This means
that a focus on cognitive and linguistic skills alone, without concern for children’s social
and emotional functioning, risks undermining early learning by ignoring important
influences on cognitive growth, especially when children are in stressful or challeng-
ing living circumstances. Neurobiologically, as well as developmentally, early learning
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depends on socioemotional and motivational influences, and the cognitive capacities of
the child.

Such a conclusion is also consistent with emerging ideas from economics, par-
ticularly the economic science of human capital development (e.g., Cunha, Heckman,
Lochner, & Masterov, 2006; Heckman, 2007). Contrary to earlier work in this field,
which focused primarily on IQ as an index of early human capital relevant to workforce
capability, contemporary economists have devoted increased attention to the influence
of “noncognitive abilities,” including motivation, self-esteem, self-regulation, and per-
severance as important features of the human capital necessary for a skilled workforce.
According to these economists, these noncognitive abilities are also important contribu-
tors to early cognitive achievement, and have their origins in early childhood develop-
ment.

Independent of whether schools should strive to foster children’s curiosity, self-
confidence, prosocial motivation, social skills, and ability to get along with others for
their own sake, therefore, a concern with early social and emotional competencies is
important to achieving even the core cognitive and linguistic outcomes of school achieve-
ment. This is especially true for children at greatest risk of educational failure, who help
to account for the early-emergent achievement gap and often live in troubled families,
dangerous neighborhoods, poverty, or other conditions of social and emotional chal-
lenge. As preschoolers, children from difficult and disadvantaged circumstances show
early learning problems coupled with emotional and behavioral difficulties and social
skills problems that make it difficult for them to get along with other children in the
classroom (Gilliam, 2008). As they enter the primary grades, these children are at great-
est risk of being identified as having behavioral problems that are associated with their
learning difficulties. To conclude that their school achievement problems are primarily
a matter of difficulty in literacy and numeracy skills misses how significantly the emo-
tional, behavioral, motivational, and self-related problems of these children undermine
the learning process.

School readiness is multifaceted and unfolds developmentally based on not only the
child’s competencies but also the support provided for healthy development in the family
and other social institutions that surround the young child. In this light, fostering early
school achievement is a matter of ensuring that young children have not only acquired
mental skills that prepare them for later learning but also the sense of self, competent
social skills, and supportive relationships that will help them succeed—and that fami-
lies, schools, and communities are well-prepared to help them with these accomplish-
ments.
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Taming the Terrible Twos
Self-Regulation and School Readiness

Susan D. Calkins
Amanda P. Williford

Overview: The Construct of Self-Regulation

Developmental science is continually evolving to reflect new ways of thinking about
development and new methodologies for studying it. For instance, our knowledge of
factors that affect children’s development has changed considerably with the advent of
methods for studying genetic and biological contributions to this development. And as
the understanding of the role of these genetic and biological processes has grown, a shift
in focus has occurred in our understanding of how specific behavioral developments
emerge and influence children’s outcomes. Researchers have come to see development
as a dynamic process involving interactions between the child and his or her environ-
ment that affect development at both a biological and behavioral level (e.g., Blair, 2002;
Wachs, 1999). Thus, not only does a child’s genetic and biological makeup affect how
he or she approaches the environment, but the interaction with the environment also
affects the child’s biological system.

As an illustration of how biology affects children’s early behaviors and may be
shaped by the environment, consider a toddler who has a very reactive physiology (i.e.,
is hypersensitive, easily alarmed, and very tentative when approaching new things) and
is faced with the task of entering a neighbor’s home for the first time. The child reacts
with increased vigilance and clings to the mother. Rather than becoming frustrated with
her toddler, the mother can hold the child, calmly state that they are “in a new house
but it’s a safe place,” and sit down to let the child observe the surroundings. The mother
can talk quietly with the neighbor, while continuing to hold the child (rather than forc-
ing the child out of her lap), and give the child adequate time to relax physically and
become stimulated by the new environment. Eventually the toddler will tentatively leave
the mother’s lap to explore the living room. Over time, these repeated experiences with
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new environments, coupled with the mother’s sensitive responsiveness allow the child’s
biological system to adapt, and the child develops coping mechanisms when faced with
new environments. Eventually, the child takes less time to begin independently interact-
ing with new stimuli. And these early environmental experiences shape how this tod-
dler will approach entering the new preschool environment—we hope with interest and
engagement as opposed to fearfulness and disengagement. The fundamental processes
that are important for this transition to take place center on the child’s emerging ability
to self-regulate and illustrate why it is important for such shifts in our understanding
of children’s development to translate into practices that encourage children’s adaptive
adjustment and achievement via a focus on this set of skills.

Domains of Self-Regulation

An important dynamic process in developmental psychology that has been the focus of
considerable recent theorizing and research is the development of self-regulation. Very
broadly, “self-regulation” can be defined as one’s own ability to control emotions and
behaviors to cope effectively with environmental demands. Although the term “self-
regulation” has been used as a rubric for a wide range of behaviors, we use the term
to refer to a specific set of processes: control mechanisms functioning at the biological
and behavioral level that enable an individual to manage arousal, attention, emotion,
behavior, and cognition in an adaptive way (Baumeister & Vohs, 2004).

Figure 9.1, a visual depiction of the elements of self-regulation that we view as
critical to children’s early functioning in a wide variety of situations, illustrates that
the development of self-regulation is marked by the acquisition of an integrated set
of domain-specific (biological, attentional, emotional, behavioral, cognitive) self-
regulatory mechanisms that are hierarchical in nature, and that build upon each other.
Figure 9.1 also emphasizes that self-regulatory skills begin to develop very early in life
and substantially across all domains during the early childhood years. Children use

Cognitive
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Emotional
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Biological

Neonatal Preschool
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FIGURE 9.1. Self-regulation conceptualized and measured across multiple domains during early

childhood.
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self-regulatory processes to control fear, to pay attention during school, to follow direc-
tions, and to negotiate with parents. From a translational perspective, understanding
how these skills develop is critical to facilitating their development and deployment in
the school setting.

Toddlerhood provides a compelling window to self-regulation because its character-
istically challenging behavior stems largely from the newfound ability of the toddler to
exercise control over him- or herself. This ability to self-regulate enables the toddler to
be autonomous from the caregiver in many ways; this autonomy is reflected by the defi-
ance so frequently observed in toddlers during this time. Additionally, self-regulatory
skills within the emotional and behavioral domains are just becoming part of the child’s
repertoire and have not fully developed. Most toddlers can delay gratification for a few
moments (e.g., by being able to wait momentarily while the mother retrieves her keys,
rather than running out the door). However, the ability to regulate behaviors and emo-
tions at this age is fragile and short-lived (e.g., if the mother now decides to answer the
ringing phone and take a call, then the toddler’s ability to wait is challenged and he or
she may run out the door or display a temper tantrum). The transition through toddler-
hood to preschool, and the subsequent transition to the early primary school years, is
marked by the substantial development of self-regulation, particularly in the emotional,
behavioral, and cognitive domains. In this chapter, we provide a description of each
of the different domains of self-regulation, how these domains appear and function in
toddlerhood and early childhood and, importantly, how these domains relate to early
school success.

Self-Regulation as an Element of School Readiness

“School readiness” can be broadly defined as the skills observable at school entry that
are necessary for later school success (Snow, 2006). Whereas the focus of school readi-
ness has often been on preliteracy and premath skills, more recently school readiness
has been recognized as a multidimensional construct that also includes early social
and emotional competence (Bierman, Nix, Greenberg, Blair, & Domitrovich, 2008;
Webster-Stratton, Reid, & Stoolmiller, 2008). Kindergarten teachers report that the
mastery of basic skills, such as working independently, understanding and following
classroom rules and routines, and sharing and taking turns, is more important than
the mastery of academic skills for future school readiness (Rimm-Kaufman, Pianta, &
Cox, 2000). Moreover, researchers have demonstrated that social competence in young
children serves as a protective factor against later academic, behavioral, and/or emo-
tional problems (Barkley et al., 2002; Repetti, Taylor, & Seeman, 2002), and that early
socioemotional skills predict later academic achievement (see Raver & Knitzer [2002]
for a review; Shields et al., 2001; Trentacosta & Izard, 2007).

This broad conceptualization of readiness underscores the importance of self-
regulatory processes for future school success and of the development of self-regulatory
skills during early childhood as critical components of school readiness (Bierman et al.,
2008; Blair, 2002; Webster-Stratton et al., 2008). Blair (2002) describes self-regulation
as a core feature of school readiness—one that “underlie[s] many of the behaviors and
attributes that are associated with successful school adjustment” (p. 112). In the follow-
ing pages, we highlight research that illustrates how the development of the different
domains of self-regulation relate to early school functioning.
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A Longitudinal Study of the Development of Self-Regulatory Processes

To help frame our discussion on self-regulation we provide a brief overview of our own
longitudinal research as a concrete example of how the development of self-regulation
is studied in children and as an introduction to how self-regulation impacts children’s
development across a broad array of areas, including early school functioning. The
RIGHT Track research project began with a group of 450 two-year-olds and their
mothers (Calkins, Blandon, Williford, & Keane, 2007; Calkins & Keane, 2004; Willi-
ford, Calkins, & Keane, 2007). Children were recruited from the community by having
mothers complete a behavior problems questionnaire that emphasized externalizing or
acting-out problems seen in toddlers (Child Behavior Checklist for Ages 2-3 [CBCL/2-
3], Achenbach, 1991). We oversampled for children who were behaviorally at risk, and
29% of these toddlers were identified by their mothers as being particularly difficult to
manage (more temper tantrums, more difficult to soothe, more easily frustrated, and
cried more frequently compared to the typical 2-year-old). When the children were age
2, mothers and toddlers participated in laboratory assessments that measured the dif-
ferent domains of self-regulation. Each mother was asked to report on her child’s, her
own, and her family’s functioning. We conducted similar visits at later ages. The self-
regulation tasks were adapted at each time point, so that they were age appropriate.

In addition to laboratory assessments, we also assessed children’s functioning in
the classroom when children entered day care, preschool, or formal schooling (kin-
dergarten) (Keane & Calkins, 2004). We asked teachers to report on children’s behav-
ioral, emotional, and academic functioning; beginning in kindergarten, we added a
peer assessment to measure how socially successful children were in making and keep-
ing friends. Thus, we have used a multimethod, multi-informant approach to gather
information about children’s ability to control themselves in individual tasks and in the
school and peer settings.

The data collected to this point have provided evidence of the importance of self-
regulation skills for children’s development across many areas of functioning. Of partic-
ular relevance to this chapter are results indicating that children who displayed deficits
in emotion regulation in preschool also displayed problems with behavioral regulation
in the kindergarten classroom, which predicted quality of academic performance in
literacy and math at the end of the kindergarten year (Howse, Calkins, Anastopoulos,
Keane, & Shelton, 2003). In a follow-up study, we found that kindergartners who were
reported by their parents to regulate their emotions effectively had greater early math
and literacy skills, and their teachers reported that they were more academically suc-
cessful in the classroom (Graziano, Reavis, Keane, & Calkins, 2007). These examples
of our findings emphasize that self-regulation skills are important for early school suc-
cess.

Summary

This review of the current science and our own research points to the utility of under-
standing self-regulatory processes and using specific strategies to encourage the devel-
opment of specific self-regulation skills to promote successful achievement during early
childhood. Below we describe the normative development of self-regulation within the
separate domains and provide evidence for the importance of self-regulation in the
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school domain. We follow this normative description with a discussion of how knowl-
edge about the early development of self-regulation can translate into classroom prac-
tices during preschool, kindergarten, and the early primary grades. Finally, we suggest
areas of new knowledge that might be explored by developmental scientists as a way
to refine our understanding of how self-regulation in young children may be fostered
within the classroom to increase children’s success in school.

The Development of Self-Regulation and Its Impact on School Functioning

In this section we examine how marked developments in a broad range of adaptive skills
that are characteristic achievements of toddlerhood, including self-control, autonomy,
and compliance, are a function of foundational regulatory developments in biology,
attention, and emotion. As depicted in Figure 9.1, developments across these domains
are hierarchically organized, with basic biological processes contributing to develop-
ments in emotional and cognitive functioning (Calkins, 2007; Calkins, Graziano, &
Keane, 2007). Toddlerhood is a developmental period marked by an emerging self-
concept that allows children to see themselves as capable of independent acti