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Preface

In autumn 1994, we organized and conducted a workshop on video-me-
diated communication (VMC). The workshop, which was held at ACM
CSCW’94 (Computer-Supported Collaborative Work) at Chapel Hill, NC,
was attended by about 25 researchers. The aim of the workshop was to
bring together the principal researchers in the field of VMC to compare
their results and methodologies, and to propose a strategy for advancing
understanding of the field. Participants were asked to submit position
papers addressing their research, and how they interpreted the differences
between their results and the results of others.

Out of that workshop grew a consensus that, although the workshop
attendees might not be able to agree on a number of finer points, the
fact that there was no single volume that adequately pulled together the
now substantial body of work on VMC was an omission that we could
address. In the 1970s and 1980s, some comprehensive and much cited
volumes did impact the field, focusing on the social psychology of tele-
communications (Short, Williams, & Christie, 1976), the role of gaze in
communication {(Argyle & Cook, 1976), models of groups and group proc-
esses (McGrath, 1984), and models of communication centering on the
telephone (Rutter, 1987). But the most current work, to a large extent
represented by the authors of chapters in this book, is mainly found only
in journals, conference proceedings, and corporate technical papers, and
has never been published in one comprehensive volume.
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Taq the end of producing such a publication, another meeting of the
CSCW workshop participants took place, this time prior 10 ACM CHI'95
in Denver, CO, in May 1995. During this second meeting, we refined the
goals of our book, agreed on its overall organization, and committed our-
selves to writing specific chapters. We also identified a set of researchers
whom we considered to have carried out significant research in the field,
but who had not attended the original workshop, and agreed to solicit
their contributions. Surprisingly (in view of their heavy schedules and
commitments), almost everyone we approached committed to contributing
a chapter, allowing us to present the full breadth and scope of work we
had hoped to achieve.

There are four major sections to the book. The Foundations section
sets the stage for the rest of the book hy providing related background
information: an introductory chapter that presents some of the difficulties
in comparing related research; a discussion of the major research on vision
and its significance in communication; an overview of the video technology
underlying representative systems used in VMC research; and a framework
presenting how group characteristics, tasks, and technologies interact with
one another.

The Findings section constitutes the bulk of the book, and presents
chapters by researchers mainly working from psychological or sociological
perspectives and adopting a range of analytic techniques. One result of
this methodological and, to some extent, philosophical diversity is that the
role of video in communication and collaborative work is explicated at a
number of different levels. It is therefore both interesting and challenging
to compare and contrast the findings across chapters, and to consider the
use of video in a range of contexts: from the detailed study of tasks in
controlled laboratory settings, to observations of its broader organizational
impact in the “real world.” Such studies also vary in the degree to which
they consider the use of vidco systems over time, which raises a number
of important issues to do with adapting and habituating to video technology
by living and working with it

The chapters in the third section, Design, present a variety of different

approaches to the application of video in the workplace. A major goal of

this area of research is the creation of a “virtual space” for collaboration
based on audio, video, and data connections. Each approach focuses on
par ticular clbl_li.l.l.b of the dcmgu of a virtual space, cuuuus o pr rovide a
context for communication that is as rich in opportunities for visual and
verhal interaction as face-to-face environments. The roles of video and
associated design issues are discussed from the point of view of the authors’
varying technical and theoretical backgrounds.

The final section, The Future, comments on new and innovative appli-
cations of VMC technology and points out how its role may be tied to
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other emerging technological trends. This section also offers discussions

of how the role of video mav he chaneoing insofar as it is moving away
the rol wideo may de changing insofar as it is moving away

from the concept of “talking head” video systems for conversation. Rather,
these chapters present evidence that suggests that video systems of the
future might be most useful in supporting informal communications and
awareness, and for focusing on work-related objects and artifacts.

The book is intended for use by researchers, engineers, user interface
designers, and anyone with an interest in the results of current VMC
research. It should prove useful to college students and professors studying
human-computer interaction, computer-supported cooperative work
{CSCW}, human factors, interface design, multimedia systems, communi-
cation theory, psychology, and sociology. It should likewise be of value to
umvr‘r%lrv and corporate researchers in related fields, It will have somethmg
to offer [hose lookmg for background material, a historical perspective,
work by specific researchers, work in specific applications arcas, work on
particular systems, or a view to what the future holds. Because of its or-
ganization, it is intended for use either as a cohesive whole, by section, or
by individual chapter.

As editors of this comprehensive volume, we feel privileged to have
been able to bring together the work of so many leading researchers in
the area. We hope the publication of the book will be seen as timely, as
after a long and difficult period of inception, video is at last establishing
itself as a medium for organizational communication. With its broad cov-
crage of the past, present, and future role and impact of video, the book
represents a unique source of reference on the subject. As our readers
browse in the following chapters, we hope they will experience some of
the enthusiasm we feel for the research reported here, and the potential
of video communication,
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Chapier 1

Introduction: An Overview
of Video-Mediated
Communication Literature

Kathleen E. Finn

Consultant

The field of video-mediated communication (VMC) is well represented in the
literature, but trying lo integrate the various vesults reported in the literature
is problematic. This is because of the heterogeneity of the vesearch studses, with
vespect to methodology used, experimental design, variables locked at, and a
number of other issues. This chapler presents a brief sampling of the diversity
students of VMC are likely to encownter in conducting their own examinations
of the related literature.

INTRODUCTION

Video-mediated communication (VMC) has been touted as an invaluable
tool for such applications as remote collaboration, conferencing, and
distance learning. In many cases its desirability is taken for granted, much
as was the case of color for computer monitors. But on closer scrutiny, we
find that numerous studies have yielded conflicting results. A cursory
examination of the related research reveals that the individual studies
themselves are widely disparate in a number of areas, making side-by-side
comparison of studies—and their results—difficult.

This chapter illustrates some of the dimensions along which the studies
differ, and cites some of the primary examples of published works in each
category. By examining each dimension, or aspect, in turn, we can evaluate
how it might have factored in the research, and assess its impact on the
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conclusions drawn by the researchers. This will leave us in a better position
nterpretations of the seemingly disparate results.

The chapter begins at the end, so to speak, in the sense that the first
topic reported on is the results of related studies, because that is where
the apparent differences are most striking. The results of several major
studies are given, along with brief descriptions about the conditions under
which the results were obtained, and the researchers’ conclusions or in-
terpretations of the results. Following the summary of results are two sec-
tions that address, with relatively coarse granularity, the different experi-
mental conditions, namely, the architecture of the technology and the
equipment used. Next, the finer aspects of the analytic approach are dealt
with, including the analytic methods used, the questions asked by the

researchers. the characteristics of the particinants, the tasks heing ner-
researchers, the characteristics of the participants, the fasks bein

formed, and data collection and analysis methods. Finally, a related back-
ground material section details resources available in subsequent chapters
in this volume.

RESULTS OF STUDIES REPORTED IN RELATED
LITERATURE

Unless one were familiar with the intrinsic and fundamental differences
across studies, as briefly touched on in the following sections, one might
be quite starded to compare the related studies based on their results
alone. Although in some cases the results cannot be compared because
they really address different aspects of the VMC issue (e.g., some studies
compared VMC with face-toface, whereas others compared VMC with a
condition in which there was no video channel or other visual component),
in other instances the results do not seem to have much in common with
one another. It is not so much the case that some studies concluded, “VYMC
is equivalent to face-toface communication,” whereas othe
is not, or that some rescarch proved the value of adding a video channel,
whereas other research claimed video has no effect on anything. There
are as many areas of discontinuity across studies as there are of overlap,
making direct comparisons of studies an inexact science.

Several studies concluded that the use of a video channel or video-medi-
ated technology has no effect on the variable of interest, whether that was
task performance, user satisfaction, or some other measurement. For exam-
ple, Chapanis, Ochsman, Parrish, and Wecks (1972) found that the voice
mode makes the single most important contribution to task completion, and
the availability of a video channel has no significant effects on communica-
tion times or behavior. Gale {1989) found no significant differences in the

quality of the output or in the time taken to complete tasks.

cemetiided e
concuaeda it
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Other work has determined that availability of 2 visual channel benefits
the process, outcome, or user Pxner!enrp of communica tion, such as in
Olson, Olson, and Meader (1995), and Rutler, Stephenson, and Dewey
(1981). Rutter studied a variety of conditions, including face-to-face, audio-
only, same room but separated by curtains, and separate rooms connected
by a CCTV link. He found that visual cues and physical presence both
make critical contributions to the quality of communication, as measured
by task orientation, depersonalization, or communicative style.

Still another body of research yields more finely grained resulis, in
which specific variables are found to differ berween VMC and face-toface
{FIT) interactions, between different VMC conditions, or between VMC
and some other communication modality. In this section, several examples
of differing results are presented, just to give the reader some sense of
the range of results obtained.

FTF Versus PicturePhone Meeting Service (PMS)

Cohen (1982) compared a VMC system called PicturePhone Meeting Ser-
vice (PMS) with FTF interactions. Tn the PMS condition, six to eight par-
ticipants sit around a conference table in a room equipped with two
monitors, one for the incoming display and one for the outgoing display,
and two speakers. Each of three cameras is focused on two adjacent posi-
tions around the table; the cameras are voiceswitched to display either
the current or the last participant to speak. The participant and observer
data show more speaker turns in FTF than in PMS in general, and fewer
Interruptions and simultaneous speech events within the same room with
PMS than with FTF. Cohen suggested that PMS produces “more orderly
turn-taking and fewer speaker exchanges that are viewed as interruptions.”
Although the social dynamics and degree of participant satisfaction are
similar, participants rate FTF as slightly more enjoyable to use, and con-
siderably more effective in handling discussion tasks. Observer data show
more interruptions, and almost twice as many speaker exchanges, in FTF
as in PMS. Cohen interpreted this data as evidence that FTF meetings are
more interactive, less orderly, and less polite than video teleconferences.

FTF Versus ISDN Versus LiveNet (LN)

O’Conaill, Whittaker, and Wilbur (1993) compared FTF with ISDN and
with a system called LiveNet (LN). The ISDN condition is characterized
by half-duplex audio, transmission lags, and poor-quality images. LiveNet
(LN}, a high-quality analog system used for lectures, seminars, and mect-
ings, operates over optical fil
eight sites across London.

central video switch links studios in
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-Informal observations of the videoconferencing conditions include dif-
ficulties in identifying the remote speaker in ISDN, detecting small move-
ments, attaining mutual gaze, and gaining floor control; almq tend_cumes
toward exaggerated user movements, staring at the screen cllsp%aymg re-
mote participants, and having to conduct more a.dvance‘ preparation. Even
so, participants express a preference for vidcoconfere_ncmg over audwcgn—
ferencing, citing several advantages: knowing who is at the remcjtc site,
being able to identify the speaker, and not feeling as if they were “ralking
into a void.”

Compared with FTT, the rescarchers found that in ISDN .speaker t}lms
are longer, turn-taking is more formal, and there are fewer interruptions,
backchannels, and projections, producing a more lecturelike effect. In
the LiveNet condition, there are fewer backchannels and more formal
handovers using questions, and speakers are less likely to bold the floor
than in ITF.

O'Conaill et al. atoributed these findings to channel properties (the
high visual quality and full-duplex, nearly instantaneous audio transmission
of FTF), as predicted in their model. However, they stati(.l that those
properties alone do not account for alt the bchavi(_)rs seen. They went on
to suggest use of directional audio and video, participant control of remote
audio and video, and the use of multiple monitors with one reserved for
a high-quality image of the current speaker or still. They _recorfxmended
studies on the effects of task outcome, and on the use of video images of
something other than participants’ head and shoulders.

FTF Versus Picture-in-a-Picture (PIP)
Versus Hydra Versus Audio-Only

Sellen (1995) compared conversations occurring in three videoc?nferenc—
ing conditions, with same-room (FIF) and audiqoniy conversations. The
three videoconferencing sysiems siudied i ictt
setup, IIydra, and LiveWire.

In the PIP system, a color monitor displays images of each of four
remote participants simultaneously, and a single speaker br-()adcasts the
voices of all the participants. A video camera transmits the video of each
participant; each person wears a headset microphone. In the generic.]-'lydra
‘sclup, a four-party meeting is simulated by having each remote partcipant
face three separate color monitors (8-cm diagonal), a camera mounted
below each monitor, and a speaker mounted below each camera. The
positioning of the equipment mimics the relative locations of the p:_n-tici-
pants with respect to one another. In LiveWire, voice switching activates
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All three systems use full-duplex audio and high-quality video; there is no
perceplih]e audio or video lag in anv of the systems.

In the first experiment, Sellen predicted that, compared to VMC, FTF
conversations would produce more and shorter turns per session, more
equal distribution of turns among speakers, and more simultaneous speech.
However, her statistical analysis of session transcriptions showed fewer dif-
ferences between same-room (FTF} and video-mediated multiparty con-
versations than predicted, and no differences between PIP and Hydra were
detected in the statistical analysis. However, participants’ responses in their
questionnaires and discussions showed that about two thirds prefer the
Hydra system because it supports selective listening and gaze, and simul-
tancous conversations. One third prefer PIP, listing such reasons as not
having to turn their heads, and s(-‘eing images of themselves onscreen,
Contrary to Sellen’s predictions, there were more interruptions in the FTF
condition than there were in the video conditions. She concluded that
interruptions serve as indicators of interactivity, rather than problems in
turn-taking.

In a second experiment, the same design was used but the conditions
were audio-only, PiF, and LiveWire. Again, statistical analysis showed few
differences across conditions, whereas participants’ own responses showed
their preference for PIP as having fewer inappropriate interruptions, being
more natural, being more interactive, offering the best support for selective
listening and attending to others, and being best for knowing when others
are listening to or attending to them.

Citing the general lack of differences across video-mediated conditions,
Sellen concluded that perhaps the technology interferes more with a con-
versation’s formality and interactivity than with its synchronization (turn-
taking, for example). Furthermore, the similarity of the audio-only and
video-mediated conversations points to the impact of any technology me-
diation, not just video mediation, and Sellen suggested that the gating
factor is whether or not participants share the same physical space.

Shared Whiteboard With and Without Audio and Video

Gale (1989) studied three conditions: a “data share,” data share with audio,
and data share with both audio and video. The data share is similar to a
shared whiteboard; multiple users can draw and type in the same workspace
stmultaneously, with updates occurring within 10 msec. His users judged
video as being effective in assessing the attention of other people; it helped
them know when to start and stop. Only 14% of them indicated that the
video was seen as effective for “discussions” or a “more personal medium.”
is effective for discussions and more

persenal communication, 61% felt it is poor while working, because they
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have to read material both on and off screen, requiring them to divert.
their eyes away from video monitors and towara wiai ey arc worsing
on. Thirteen percent found the use of video to be weak dunr}g (%lSCU.SSl(-)n.S,
particularly because of poor eye contact; other responses indicated it is
difficult to talk to someone directly.

Interestingly, users rated themselves as never using the vide? c}?anflel
beyond 4 on a scale of 1-7, with 1 indicating no usage and 7 indicating
extensive usage. However, examination of the video data shorved that they
used it constantly. The author suggested that use of th: video channel
may be so intuitive and transparent to the communication process that

users are unaware of it.

FTF Versus Phone Versus Desktop
Video Conferencing (DVC)

Using a desktop videoconferencing prototype (!')VC)‘ that supports digital
audiovideo conferencing, Isaacs and Tang (1993) found that videocon-
ferencing provides team members with severz_d benf.'f}ts over pl}or‘au con-
versations. It allows them to indicate their understanding, or Iack thercot,
to the speaker; they can augment their verbal communica}if)n with gestu_rf:s;
they can respond purely visually (gesturally), as in smiling or nodding;
they can convey attitudes by their expressions and posture; and they can
better interpret the significance of conversational pauses.

In comparison with face-to-face interaction, DvC dot_:s not measure up
in terms of users’ ability to manage turn-taking, acquire or roy:‘tam Eoor
control, notice expressions or gestures, or have side conversations. How-
ever, the researchers noted that DVC has some advantages over face-to-face:
Besides the obvious benefit of being able to stay in their own offices, users
feel distanced from one another and therefore less obligated to engage
in social pleasantries, making their meetings more efﬁc-icnt. )

The researchers cautioned against voice-activated videoconferencing,
which might show only the current speaker instead of all Pa.rticip%ms: Tl)ey
noted that small delays in audio can seriously disrupt participants ablllt'y to
reach mutual understanding and reduce their satisfaction with conversation.

Existing Tools Versus Desktop Conferencing Prototype,
With and Without Video

Tang and Isaacs (1998) studied a team under three conditions: us%ng
existing tools, that is, phane, e-mail, and videoconference 1'00‘1ns,lusmg
the desktop conferencing prototype (DCP), and using the DCP w1[h9ut
the video channel. The DCP supported real-time audiovidm: (:mifeiencn;lg
and ShowMe, a shared markup and drawing tool. They found that the
NOD Adnme nnt increace averall inferactive communication, reduces the
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number of e-mail messages, is used more in full-DCP mode than in DCP-
minus-video mode, and increases gaze awareness. Users feel that they are
using the phone less, and are using DCP instead of some face-to-face and
video conference room meetings. Perhaps most significantly, however, the
DCP is not used at all when there is no video channel available.
Different rules of etiquette seem to apply to other visual meetings than
in DCP interactions, in which team members read e-mail and take phone

calls or are otherwise distracted, to the annoyance of some other members.

DCP? interactions resemble FTF interactions more closely than videocon-
ference-room meetings, in terms of interruptions, turn-taking, and joking,

Tang and Isaacs concluded that users’ desire for video (as derived from
the drop in DCP usage without video, and from interviews) results from
its impact on the process of their interpersonal interaction, rather than
from its perceived effect on any product of their interaction. The researchers
also concluded that audio is critical, and that high-quality audio is more
important than high-quality video.

“ARCHITECTURE” OF THE TECHNOLOGY

As can be derived from the thumbnail descriptions in the preceding sum-
maries of results, the architectures used in studies of VMC technelogy
differ quite extensively. To a certain extent, the setup of the various equip-
ment follows a chronological trend. For example, the carliest work cited
used closed-caption TV (CCTV), in which dedicated lines transmitted video
directly to other participants, often just in adjoining rooms, in real time.
Instances of research using this model include Chapanis et al. (1972),
Hoecker, Brown, Wish, and Getler (1978), Ochsman and Chapanis (1974),
and Rutter et al. (1981).

Then we sce a videoconferencing era, in which a group in one room is
connected to a group in another room, with each group looking at the other
via a common monitor. Work of this nature is reported in the ISDN and I.N
conditions of O’Conaill et al. (1993) and in Tang and Isaacs (1993).

From here we move on to desktop videoconferencing, with many vari-
ations of a common theme, commonly referred to as a “talking heads” or
PIP (picture-in-a-picture) setup. Individual users sit at their respective com-
puter workstations and communicate with other users via an audiovideo
conneciion, manifested as a picture of each participant on each workstation
monitor. This would include, for example, Isaacs and Tang (1993), Sellen
{1992, 1995), and Tang and Isaacs (1993).

Initially the focus of these systems was merely the support of an audiovideo
link between participants. This expanded to the point where the audiovideo
connection (or the communication it enabled) was but one dimension of a
more fully defined collaborative environment, in which users also collabo-
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rated on their tasks via shared applications (drawing, editing, simulation,
efc.) -on their workstations. Here we begin to see more of a focus on what
types of communication the technology will support {e.g., informal vs.
application-centered), perhaps in recognition of the many earlier findings
that sugg%t that video technology might be more supportive of informal
communication (Fish, Kraut, Root, & Rice, 1992, 1993; Fish, Kraut, &
Chalfonte, 1990; Root, 1988). Different designs or architectures were devel-
oped 1o support specialized tasks (Gale, 1989; Isaacs & Tang, 1993; Tang &
Isaacs, 1993}.

In a further development along this path, the PIP model and its vari-
ations gave rise to the concept of media spaces. In a media space, the area
around the user (such as an office or lab), as well as collaborative tools
or other artifacts, was included in the space to be shared across the network.
Much of the literature in this area is less related to the formal quantification
of the effects of the technology on communication, and more concerned
with the users’ perception and awareness of others’ presence (teleproxi-
mily, privacy issues, etc.). Such is the case with the direct office share in
Adler and Henderson {1994); the Xerox PARC Media Space of Bly, Har-

v amAd Temoio 1002V YVarsy PADRC and FuaraPARO e Parthaleg in Daon-
FisGn, ana arwin {AUY5)] ACrox DAl and LUrorAni, s Jortno:ies m Dol

rish and Bly (1992); Gaver (1992); Gaver et al. (1992); the Multiple Target
Video (MTV) study of Gaver, Sellen, Heath, and Luff (1993); the ubiquitous
office environment in Heath and Luff (1991, 1992); CAVECAT in Mantei
et al. (1991); and the DCP in Tang and Isaacs (1993).

Extrapolating from this, we find the human-to-human audiovideo con-
nection underqoin gsome mutations, resulting in images of something other

1l N sde hoing nres ard One avanmmle af 2 rather acommef-
than purc ln.u\u|5 hicads u\.xus presented. One exampie of a rather asymmel

rical configuration is Forum, a system for conducting distributed presenta-
tions developed at SunSoft (Isaacs, Morris, & Rodriguez, 1994; Isaacs, MorTis,
Rodriguez, & Tang, 1995}, in which a distributed audience could see the
speaker and the speaker’s slides but the speaker did not have similar access
(o the audience. More unusual examples include Xerox PARC’s VideoWhite-
board (Tang & Minneman, 1991), which displayed shadows of collaborators
working at a whiteboard space; NTT's ClearBoard system (Ishii & Kobayashi,
1992), in which images of the participant’s entire head and torso are
superimposed on a whiteboard {and inverted to maintain perspective); and
MAJIC, developed at Keio Universily (Okada, Maeda, Ichikawaa, & Mat-
sushita, 1994), which projected life-size images of remate participants onto
a large screen, positioning them as if they were all seated around a
conference table.

The talking heads, or video images of the remote collaborators, are
supplemented or replaced by actual datain research that explores how video
of the workspace and artifacts can be used as a means of facilitating
collaboration. This is a more recent development with reiatively little
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literature associated with it, the most notable exception being the work
performed by Nardi et al. (Nardi, Kuchinsky, Whittaker, Leichner, &
Schwarz, 1996; Nardi, Schwarz, Kuchinsky, Leichner, & Whittaker, 1996;
chapter 23, this volume). In that work, video images of remote surgery were
transmitted to remote consultants, as well as being viewable in the operating
room on a large monitor and through a microscope. Tani, Yamaashi,
Tanikoshi, Futakawa, and Taniﬁxji { 1992) deve]oped a system for manipu-

Toting real S L
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ia “object-oriented video,” alihough in that case
the video was not being used for collaborative or communicative purposes.
In Gaver et al. {1993), participants could choose to view either video images
of other participants or of shared objects.

EQUIPMENT

Another factor that cannot be overlooked in comparing the results of
studies is the differences in conditions of the experimental setup, especially
the quality of the equipment used. A fuller treatment is provided in the
Olsons’ chapter, Mauus Sense of the Findings” {chapter 4, this volume).
However, the examples' cited next should suffice to give the reader a sense
of the range in quality in the equipment used, and an appreciation for
the role this might play in the outcome of the studies. Keep in mind, too,
that published results do not always include technical specifications, mak-
ing it more difficult to conduct direct comparisons across studies.

Consider audio as one of the major variables in VMC. Audio can be
cither full d uullu)\ \1 ish et al., 1:7:74 Sellen, 1992, 1995) or jaf dupicx
(Cohen, 1982). The audio and video signals can be synchronized (Cohen,
1982) or not (Isaacs & Tang, 1993; Tang & Isaacs, 1993). There can be a
delay in transmission of the audiovideo signal from when it is actually
produced. Cohen (1982) introduced synchronized transmission delay of
0.705 sec; Isaacs and Tang (1993) and Tang and Isaacs (1998) introduced
audio delays of 0.32-0.44 sec. Systems can use noise-cancelling micro-
phones or not; they can use directionat sound, or multidirectional micro-
phones (Heath & Luff, 1992).

Looking at the visual signal used, there are differences in frame rates
ranging from very low (5 fps used in Isaacs & Tang, 1993; Tang & Isaacs,

1993} to broadcast quality. There is a similar range in resolution of the
images, although this is often not mentioned in this body of research.
Most of the experimental work has been based on analog technology,
providing high-quality images {because analog video is transmitted on sepa-
rate wires, thus offering more or less unlimited bandwidth}. More recent
systcms have moved to digital video, in which available frame rate becomes
mare of an issue (such as Montage; Tang & Rua, 1994).
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-Some systems offer support for directional gaze, which can increase the
sense of telepresence and may help in reducing miscommunications. This
is the case with the Hydra system (Sellen, 1992, 1995) which uses a separate
camera and monitor for each participant. Okada et al. {1994) used z
unique projection mechanism to support directional gaze. Acker and Leviit
(1987} used multiple cameras capturing different angles of the participants
to provide a display that offered a sense of improved eye contact. Multiple
cameras can be used to focus on different objects or areas, as in much of
the media space work (e.g., Gaver et al, 1993). In Gaver, Smets, and
Overbecke (1995), the remote camera’s field of view is controlled by track-
ing a participant’s head movements in front of a local monitor, which
causes parallel movements in a remote camera. SharedView (Kuzuoka,
1992) attempted to achieve a three-dimensional collaborative environment
with the use of a head-mounted camera and a head-mounted display. This
has been refined in GestureCam (Kuzuoka, Kosuge, & Tanaka, 1994),
which supports both shared and independent fields of view.

For a more in-depth discussion of these and many other technical aspects
of the experimental setup {(including audio and video, as well as quality
of service, etc.), and the implications of selecting from a spectrum of
options, refer to Angiolillo et al., “Technology Constraints of Video-Medi-
ated Communication” (chapter 3, this volume).

It is not so easy to divide studies into those that looked at “high-quality”
video-mediated technology and those that looked at “low-quality” technol-
ogy, because many studies involve a mixwure of high and low quality. In
general, the earliest work, which tended to use CCTV, might be considered
high quality, because there were direct television links involving high-quality
irr{agﬁs and sound, and no delay, asynchrony, and so on (e.g., Chapanis et
al., 1972; Gale, 1989; Ochsman & Chapanis, 1974; Rutter et al., 1981). Even
these, however, sometimes entailed voice switching for floor control, which
introduced artificial constraints on conversation. More recent work on
media spacesalso tended to be of higher quality than some of the intervening
work.

The effects of the varying quality of conditions were specifically studied
in O’Conaill et al. (199%), in which the researchers examined how prop-
erties of the communication channels (full- or halfduplex audio; audio
dchy, video quahLy) influence specific features of the communication proc-
ental VMC syste

- TO0EY gouve o tohle commarine ey

ess, Whittaker \AJ‘” r/ gave a tanie Lomparmg X erim
in terms of quality of technology, method used, outcome (product) of
experiment, and process coordination. He reviewed three subhypotheses
about the role of video in nonverbal communication: cognitive cuing,
turn-taking, and social cuing, distinguishing between the effects of high-
and low-quality systems. He concluded not only that the benefit of video
in providing nonverbal information has been exaggerated, but that the
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emphasis on video has a detrimental effect in lower quality systems, where
video quality is provided at the expense of audio quality.

ANALYTIC APPROACH
Analytic Methods

Different research studies were designed based on differing experimental
methodologies, reflecting the backgrounds of the researchers or their pur-
poses in conducting the studies. Such methodologies include psychological,

ethnographic, conversational analysis, and other Approaches which are
discussed in further detail by Sellen in “Assessine Vide odinted Cond

1scussed In harther aetall by Vi uct”
Selen m ASsSessing Viae o Mediated Conduct”

(chapter 5, this volume),
Questions Asked

Each piece of research seeks to answer one or more questions, which may
be explicitly stated up front, or merely implied. For instance, some studies
have been conducted to cvaluate a specific system. In others, researchers
may be examining how to optimize user satisfaction with a system by modi-
fying specific conditions, such as the quality or arrangement of the video
views seen by participants. For example, Acker and Levitt (1982) studied
the effect of providing improved eye contact (images presented without
parallax angle) between participants. Still other researchers may he looking
at how to measure user satisfaction or some other parameter o capture
the efficacy of a system; an underlying assumption of some work has been
that the closer VMC approximates face-to-face communication, the better

it is. The nature of the questions can influence the slant or scope of the
reported research.

A rorsiramane Laaoo o0 oL
A recurring focus of much of the research has been communication:
How well is human-human communication supported by a system, or how

is that communication altered by use of the system, or how can that com-
munication be characterized?

» Chapanis et al. (1972) felt that the richer the

lity,
the better the problem-solving perfnrmance, and studxed the LffCCtb
of different communication modalities on problem-solving and lin-

guistic behavior.
« Short, Williams, and Christie (1976) and Williams (1977) asked how

telecommunications, in general and in different modes, affects task
performance and human behavior.
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o Hoecker et al. (1978) explored how the nature of the particular view
of participants (voice-switched vs. continuous) transmitted to other
par-ticipants affects the communicative aspects of videoconferences.
Cohen (1982) sought to add objective data to previously reported
subjective results of market research on the extent to which speaker
interactions differ as a function of the communications medium by
comparing speaker interactions in face-to-face (FTF) versus PICTURE-
PHONE Meeting Service (PMS) environments,

Gale (1989) wanted to determine the value added to an office system
by incorporating audio and video performance, and in doing so stud-
ied three conditions: data share, data share plus audio, and data share
plus audio plus video.

O’Conaill et al. (1993} in

Tra e, oo clalen tlont e et nn A el o
tASd.{.Ld the claim that propeities of tne

communication channels (full- or half-duplex audio; audio delay;
video quality) influenced specific features of the communication proc-
ess, in ISDN versus LIVE-NET (LN) conditions.

Fish et al. (1993) studied the extent to which VMC and face-toface
informal communications were similar, in terms of frequency, expres-
siveness, and interactivity. '

Sellen (1995) compared the properties of spoken communication used
in three videoconferencing systems with respect to their support for
selective gaze and listening, and how their differing visual access to
other participants affected the communication.

Some of the literature presents mostly anecdotal
titative—reports of the experience of using video-mediated technology
(e.g., Abel, 1990; Adler & Henderson, 1994; Mantei, 1988; Nardi et al,,
1998) or, in some cases, the experience of developing such technology
(Harrison, Mantei, Beirne, & Narine, 1994; Mantei, 1988). And Root (1988)
presented a conceptual design of the system that would become Cruiser.

The purpose of some papers has been (o evaluate or summarize existing
reports of research (Short et al., 1976; Whittaker, 1995; Williams, 1977).
Other papers offered the authors’ assessments of whether VMC is a worth-
while undertaking and, if so, suggested ways in which it can be advanced.
Examples of such work include Egido (1988, 1990), Fish et al. (1992),
Gale (1992), Gaver (1992), and Whittaker (1995).

as opposed to quan-

Group Characteristics

At least partly related to the choice of analytic methodology is the com-
position of the group of subjects participating in each study. Because few
of the studies were longitudinal (but cf. Dykstra-Erickson et al., 1995; Tang
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& Isaacs, 1993), one would expect some effect from whether or not subjects
knew each other prior to the study. Par Iy in earlier lab study work
(e.g., Hoecker et al., 1978; Chapanis et al., 1972; Cohen, 1982; Ochsman
& Chapanis, 1974), the subjects were recruited solely for purposes of brief
studies, and usually were not familiar with each other, the equipment, or
the assigned tasks.

On the other hand, more current, naturalistic work involving workplace
siudies tends to use participants who know each other, have a previously
existing working relationship, and are familiar with the technology used.
This is true in Fish et al. (1992, 1993), Gaver et al. (1992), Tsaacs and Tang
(1993}, O’Conaill et al. (1998), Tang and Rua (1994), and Tang and Isaacs
(1993). A group of this composition is likely to exhibit different commu-
nication patterns among themselves, because they are already familiar with

nuances of each other’s communication styles and have a shared social
and historical context.

Besides the variables of familiarity and previous experience with the
equipment, another factor that contributes to differences in communication
styles across studies is the actual number of participants in any given
interaction. Most of the earlier work studied dyads, groups of anly 2 (e.g.,
Chapanis et al., 1972; Ochsman & Chapanis, 1974), whereas later work,
tending more toward naturalistic studies, needed to accommodate real
working groups. Thus, the Tang and Isaacs studies {1993) were based on
interactions ranging from 2 to 5 people; in O’Conaill et al. (1993), the FTF
and ISDN meetings involved 4 to 7 people, and the LN meetings 7 to 9. The
significance of the number of participants is that with more than two
participants, the possibilities exist for richer, more complex, and more
realistic conversational styles. For example, in a group of 3 or more, 1 person
can make an aside to another; in groups of 4 or more, parallel conversations
can be conducted simultaneously. Although these are more representative
of “real” (i.e., face-toface) conversations, they also introduce more room for
miscommunication, as it becomes less clear whom is being addressed, who
has the floor, and so forth. Sometimes the technology can be seen to provide
inadequate support for such sophisticated communication.

There are many other dimensions of group characteristics, discussed by
Olson and Olson in “Making Sense of the Findings” (chapter 4, this vol-
ume).

Tasks Being Performed by the Users

Also somewhat dependent on research methodology is the task that partici-
pants perform during the study. Earlier and lab-based studies tend to use
artificial or contrived tasks, whereas later, workplace-based ethnographic

i 1sk ; K graphic
studies use more naturalistic tasks. Thus, Chapanis et al. used a problem-solv-
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ing task; Hoecker et al. (1978) had subjects solving a consensus problem;
Cohen (1982) used role-playing and consensus tasks; and Gaver et al. (1993)
developed two tasks, both contrived, for subjects to perform during the
course of the research session.

In‘contrast, participants tend to perform their normal everyday work-
related tasks in media space and other environments used for workplace
collaboration and communication. See, for example, Heath and Luff (1992),
Isaacs and Tang (1993), Nardi et al. (1993), G’Conaill et al. (1993), and
Tang and Isaacs (1993).

The Olsons, in “Making Sense of the Findings” (chapter 4, this volume),
discuss other aspects of the tasks used in VMC research. The issue of
naturalistic tasks and how they fit into the analytic methodology is also
dealt with further by Sellen in “Assessing Video-Mediated Conduct” (chap-
ter 5, this volume),

Data Cellection and Analysis

The studies also differ widely in the data they examined, both in the nature
of data collected and in the variables they measured. The ways in which
data has been collected include participant questionnaires, quantitative
measurement of individual actions, independent evaluation of results of
sessions, experimenter observation, and quantitative analysis of transcripts
of videotaped sessions. Many studies are based on some combination of
data from these resources.

Participants are sometimes questioned about their experiences using
video-mediated technology to determine their level of satisfaction, how
closcly they felt the VMC interactions approximated face-toface interac-
tions, what sorts of tasks/interactions they found VMC particularly useful
for, and so on, as in Hoecker et al. (1978}, Cohen (1982), Gale (1989),
Nardi et al. (1993, 1996), Sellen (1992, 1995), and Tang and Isaacs {1993).
Participants fill out questionnaires, are interviewed by the experimenter,
or take part in focus groups.

In some cases, experimenters sit in the same room as the participants,
categorizing the participants’ utterances or actions. In the work by Chapanis
etal. (1972) and Ochsman and Chapanis (1974), individual behaviors were
classified as sending, receiving, searching, taking notes, handling parts,
waiting, or combinations thereof. In ethnographic studies, experimenters
may even “shadow” individual participants, following them around for long
periods of time and recording their daily procedures and tasks, as in Nardi
etal. (1993, 1996). Sometimes participants are asked to perform self-reports,
as in Fish et al. (1993), whose participants reported on the content (e.g.,
report work status, discuss nonworkplace topics) and outcomes (e.g.. did
productive work, maintained relationship) of their conversations via differ-
ent media.
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Session videotapes were analyzed in many desktop videoconferencing
studies. For example, Isaacs and Tang (1993) examined transaction logs
of the events in all conditions, and the ability of the different modes to
support communicative behaviors, such as expressing understanding, fore-
casting responses, enhancing verbal descriptions with gestures, conveying
nonverbal information, expressing attitudes through posture and facial
expressions, managing pauses, managing turn-taking, controlling the floor,
using peripheral cues, having side conversations, pointing, and manipu-
lating real-world objects.

Tang and Isaacs (1993) applied interaction analysis and determined at
what points in the collaborative design process team members were using
each of the media available. They studied the pattern of interactions chosen
by team members, measuring frequency, duration, and distribution of the
different interaction modes available. In that study, participants had a
choice of using e-mail, phone conferencing, video room conferencing,
desktop videoconferencing, or face-toface meetings.

Transcribing the entire contents of videotapes is less common, and
there are differences among the transcription systems used. Even here,
however, there are difficulties in making direct comparisons, as the tran-
scription systems used either were not specified or differed in focus, scope,
and methodology. Tang and Isaacs (1993) used transaction fogs rather
than verbatim transcriptions. Heath and Luff (1992) mapped visual ges-
tures onto transcriptions of sessions. O'Conaill et al. {1993) provided details
on which segments of the sessions were transcribed, and explain the con-
versational analysis transcription system used. Sellen (1992, 1995} removed
backchannels, laughier, and cross-ialk from the measurements obtained
by a special-purpose speech tracking system.

The variables measured differ widely from study to study, reflecting
differences in both the theoretical and methodological inclinations of the
researchers. Studies that examined variables of particular interest include:

+ Chapanis et al. (1972} measured the time it took to solve the problem
and the number of “button pushes” on an electronic switching system,
which roughly equated to turns taken, or messages cxchanged.

.

In Cohen (1982), the data collected included participants’ ratings of
the two environments with respect to such features as ease of com-
munication, social dynamics, and the effectiveness of the communi-
cations media, compared to regular telephony, for performing differ-
ent types of tasks.

O’Conaill et al. (1993) measured variables based on channel proper-
ties: backchannels, interruptions, overlaps (projections/completions,
floorholding, simultaneous starts), explicit h
trn length, and trn distribution.

wdove

s, turn nurnber,
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o Sellen (1992, 1995) defined each of the speech events being measured,
such as turns, switch time, or categories of simultaneous speech and
handovers. Video and audio recordings of sessions were made. After
the sessions, participants completed questionnaires and a group dis-
‘cussion was held.

The participants in Tang and Isaacs (1993) and Tang and Rua (1994)
kept logs of the frequency and duration of their interactions with one
another; videotapes in each of the three conditions were analyzed for
interactions, and each team member was interviewed at juncture points
throughout the life of the study.

FURTHER BACKGROUND MATERIAL

The three remaining chapters in this section provide the reader with a
broad-based foundation for approaching the works in the rest of this vol-
ume, addressing the role of vision, relevant aspects of video technology,
and a vocabulary for pulling together discussions of related works.

Whittaker and O’Conaill, in “The Role of Vision in Face-to-Face and
Mediated Communication” {chapter 2, this volume), present a general
framework within which they describe communicative features and char-
acterize the types of visible information that factor into communication.
They evaluate several predictions regarding the benefit of video in medi-
ated communication, and discuss related technology and design implica-
tions.

The next chapter, “Technology Constraints of Video-Mediated Commu-
nication” (chapter 3, this volume), by Angioliilo, Blanchard, Israelski, and
Mane, provides a comprehensive introduction to many of the technologies
that are factors in the viability of VMC. The authors present both a historical
and a lifecycle view of the technology, as well as making predictions about
how the technologies might evolve in the future.

In "Making Sense of the Findings” (chapter 4, this volume), the Olsons
examine theirnany variables that comprise a suggested framework, The
hope is to engender a common ground on which researchers can meet
to design their studies, compare results, and evaluate theories.

NOTE

1. The example citations are merely representative, not all-inclusive.

emmE

R
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Chapter 2

The Role of Vision in Face-to-Face
and Mediated Communication

Steve Whittaker
AT & T Laboratories

Brid O'Conaill

Hewlett Packard Laboratories

This chapter uses a general communication framework to predict where visible
information. supplied by video might be cvitical in mediated communication.
We first identify fundamental features of communication that have to be sup-

ported in any conversation, regardless of the availabl nmundcation modeli-
ties. We characterize the different types of vistble information that play a role
in face-to-fuce intevaction and the ication features they support. We
then use the fi k to evaluate three predictions about the benefits of video

in mediated communication: (a) Video supports visible behaviors and hence
supplies nonverbal information that is missing from the speech channel; (b)

pr nfor n about the availability of other people, and

hence supports connection for unplenned communications; (c) video provides
dynamic visual information about objects and events that is important for
certain collaborative tasks, an application that we vefer to as “video-as-data.”
We evaluate existing work on VMC in terms of these three hypotheses. Current
ecuidence suggests weak support for video as communicating one type of non-
verbal information, that is, affective information. We conclude that there is
insufficient data to evaluale the connection. and video-as-data hypotheses. We
discuss what refinements are needed in owr theories about how visible tufor
mation operates in mediated communication, and briefly examine the technology
and design implications of these vesulis.
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INTRODUCTION

Face-to-face communication is a multimodal process. It involves complex
interactions between verbal and visual behaviors. As people speak, they
gesture for emphasis and illustration, they gaze at listeners and visually
monitor their environment, their facial expressions change, and their body
posture and orientation shift as they talk. Likewise, listeners look at qpeaker%
as the speakers talk. Listeners monitor speaker’s facial expressions and
gestures, they nod their heads to show assent, and their facial expressions
and physical posture change depending on their interest in and attitude to
the speaker’s utterance. Furthermore as people interact, they orient to,
gesture at, and manipulate physical objects in the environment they share.

Despite the multimodal nature of face-to-face communication, the most
pervasive and successtul technology for communicating at distance is the
telephone, which relies solely on the voice modality. Early attempts to
supplement the voice modality by adding visible information about other
conversational participants have not led to the expected improvements in
remote communication. Laboratory studies to demonstrate the benefits of
adding a visual communication modality to voice have in general shown few
objectlve improvements (Chapanis, 1975; Chapanis, Ochsman, Parrish, &
Weeks, 1972; Reid, 1977; Rutter & Robinson, 1981; Sellen, 1995, this volume;
Short, Williams, & Christie, 1976; Williams, 1977). Furthermore, technolo-
gies premised on the advantages of supplementing voice with visible infor-
mation, such as the videophone and the videoconference, have not yet
proved greatly successful in the marketplace (Egido, 1990; Noll, IQQQ)

This prior work shows that the role of visible information in col ca-
ton is both complex and subtle. From a theoretical view, point, it indicates
that we need more detailed understanding of the precise functions that
visible information plays in communication, From a practical viewpoint, we
need to understand when and how visible information is vital for communi-
cation. This understanding is important in the design of technologies that

exploit visible information to provide more effective remote communication

than is currently supported by the telephone. Much of the prior technology-
oriented work on video-mediated communication (VMC) has been based
on the intuition that visible information will necessarily benefit interaction,
without having specific hypotheses about how those benefits will come about.

The aim of this chapter is to use a general communication framework
to predict and evaluate where visible information might be critical in me-
diated communication. The structure of this chapter is as follows. We begin
by presenting a communication framework, specifying fundamental fea-
tures of communication that have to be supported in any conversation,
regardless of the communicalion modalities available. We then describe
the different types of visible information that play a role in face-toface
interaction and the conversational features they support. We distinguish

2. THE ROLE OF VISION IN COMMUNICATION 25

between two main classes of visible information: visible behaviors produced
hv the Darn(‘mamq and information about the
behavmra include the gaze, gesture, facial expressions, and posture of the
participants. The visible environment includes information about objects
and events that have been observed by the conversational participants, as
well as information about the availability of other participants. On the
basis of this analysis of the communicative function of visible information,
we evaluate three predictions about how video might improve communi-
cation. The three hypotheses are:

ble environment. Visihle

L. Video supports visible behaviors and hence supplies important non-
verbal information.
2. Video provides visible information abou

cally the availability of other people; this i
for unplanned communications.

cilitates connection

5
g
5
g
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3. Video provides dynamic visual information about objects and events
in a shared visual environment. This is important for certain collabo-
rative tasks, an application that we refer to as video-as-data.

We evaluate existing work on VMC in terms of these three hypotheses.
We conclude by discussing the impact of these results for theories about
how visible information operates in mediated communication, and explor-
ing the implications for technology designers.

COMMUNICATION FRAMEWORK

There are a number of key aspects of communication that have to be
supported regardless of what communication modes are available (see Table
2.1). Communication is a joint activity that requires coordination of both
process and content between speakers and listeners (Clark & Brennan, 1991;
Whittaker, Brennan, & Clark, 1991). Content is the subject matter of
conversation, and concerns what participants talk about. Content coordina-
tion addresses how participants build up common beliefs and understanding
ahout that subject matter. Process is concerned with the mechanisms and
management of conversation. The key issues for process coordination are
() the set of procedures by which participants agree to begin and end entire

between speaking and hstenmg.

Coordination of Process

We address two aspects of process coordination: urn Lakmg and availabihty
Turn

: kmo' is concerned with how P"
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TABLE 2.1
A Taxonomy of Conversational Mechanisms
and Their Communication Functions

Conversational

; Mechanism Communication Funclion
Process Turn-taking Determine who will speak, who will listen, and how
coordination cues transitions are made between these roles
Availability Determine when to initdate or end a communication
cues episode
Content Reference Allow participants to identify the objects and events
coordination they jointly want 1o talk about
Feedback Inform speaker of listener’s understanding; contribute
cues to maintenance of mutual beliefs and common

knowledge between speaker and listeners
Interpersonal  Allow participants to infer the emotional stance, affect,
cues and motvations of other people to what is being
discussed, and to other conversational participans

(Sacks, Schegloff, & Jefferson, 1974; Walker & Whittaker, 1990; Whittaker
& Stenton, 1988). A striking feature of conversations is that in general
only one person speaks at any point. Less than 5% of speech is delivered
in overlap (two people speaking at the same time), and yet gaps between
one speaker finishing and the next starting are frequently measurable in
milliseconds (Levinson, 1983). Turn-taking addresses how these transitions
are successfully achieved {Sacks et al., 1974}. Process coordination also
addresses how entire conversations are initiated and concluded (Schegloff
& Sacks, 1973). Many communications are unplanned. They therefore
require participants to establish precisely when other people are available
for communication and when it is opportune to initiate such spontaneous
interactions, based on awareness of others’ movements and activities
(Heath & Luff, 1991; Kendon & Ferher, 1973; Kraut Fish, Root, & Chal-

fonte, 1993; Whittaker,

Coordination of Content

Coordination of content is concerned with how participants arrive at, and
maintain, common understanding in conversation (Clark & Brennan, 1991;
Clark & Marshall, 1981; Grosz & Sidner, 1986). Coordinating content pre-
sents problems for both speakers and listeners. From the listener’s per-
spective, one of the fundamental problems with human communication
is that the literal meaning of an individual uiterance underspecifies the
speaker’s intended meaning (Clark & Marshall, 1981; Grice, 1975). Lis-
teners have to infer the speaker’s intended meaning by supplementing
what was said with contextual information external to the utterance. In

; ijjq
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general, listeners are able to generate such external inferences quickly and
accurately, and hence determine the speaker’s intentions (Levinson, 1983).
How are listeners able to do this and how do they know which information
not directly stated in the utterance should be used in deriving inferences?
Clark and Marshall (1981) argued that this external information is a re-
stricted set, common knowledge, which is shared between participants.

Common knowledge is crucial for achicving an important aspect of
communication, namely, reterence. Reference enables conversational par-
ticipants to jointly identify the objects and events that they want to talk about.
Speakers have multiple communication choices when they wish to refer to
an object or event {Clark & Marshall, 1981). A speaker may therefore verbally
refer to a dog as “the dog.” Alternatively, there may be more precise or
specific ways to describe the animal, such as “Marvin,” “the dachshund,” or
“whoever chewed my slipper.” If the animal is present they may point at it,
or gesture and say “that animal” or even “that.” Speakers make these choices
based on the common knowledge they share with listeners: It would be of
little use to describe the dog as “Marvin” to a complete stranger. Likewise,
the term dachshund is almost certain to fail with a very young child. When
speakers make these reference choices they must therefore balance the
additional precision these terms provide, against the likelihood their audi-
ence may not understand {Clark & Marshall, 1981).

A second problem for speakers in coordinating content is to determine
whether their utterance had the intended effect, that is, whether the lis-
tener drew the correct set of inferences from what they said. Listeners’
knowledge and beliefs are usually not directly accessible to the speaker
(‘v‘v’a.mci, 1993), so feedback mechanisms are crucial for the maintenance
of common knowledge. Speakers provide listeners with frequent opportu-
nities to offer feedback about what was just said (Kraut, Lewis, & Swezey,
1982; O'Conaill, Whittaker, & Wilbur, 1993; Yngve, 1970)—to show accept-
ance (Clark & Schaefer, 1989) or to clarify their level of understanding
(Walker & Whittaker, 1990; Whittaker & Stenton, 1988). These feedback
processes take place on a momentby-moment basis in conversation, so
that misunderstandings can be quickly identified and rectified (Clark &
Brennan, 1991; Kraut et al., 1982; O’Conaill et al., 1993).

Communication is not restricted to the exchange of propositional in-
formation, however, and a final aspect of content coordination concerns
the affective state or ix‘uuy\_muual artitude of the p par uuymu) This is social
information about participants’ feelings, emotions, and attitudes to the
other conversants and to what is being discussed. As with conversational
intentions, participants generally do not make this information verbally
explicit, so it usually has to be inferred. Access to affective information is
important: It can change the outcome of conversations in situations where
emotion plays a critical role, such as negotiation (Short et al., 1976).
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" THE ROLE AND FUNCTION OF VISIBLE
INFORMATION IN COMMUNICATION

We now turn to an analysis of the types of visible information that are used
to support some of these features of face-toface communication. In face-to-
face conversation, there are two different types of visible information. The
first is information about the behaviors of other conversational participants,
that is, the set of communicative actions that they perform with their eyes
(gaze), faces (facial expressions), hands and arms (gestures), and the
movements and orientation of their bodies (posture). The second type of
visible information is about the visible environment that conversational
participants share, with its set of shared objects, access to shared events, and

information about the movements and activities of other people.

It is important to note that the correspondence between visible infor-
mation and communication function is not direct: The same type of visible
information can support multiple communication functions, and likewise
one communication function may be supported by different types of visible
information. For exampic, one type of visible behavior, gaze, Supports
multiple functions. It can coordinate reference, give feedback of under-
standing the utterance, and aid turn-taking. Similarly, one communication
function may be mediated by multiple different types of visible behavior.
Thus turn-taking can be supported by gaze, gesture, and posture (Beattie,
1978, 1981; Duncan, 1972; Kendon, 1967).

Visible Behaviors

Gaze. Gaze is the way people extract visible information from their
environment. The direction in which a person looks, the amount of time
looking in that direction, and the patterns of gaze are all important aspects
of this visible behavior. The communicative functions of gaze are shown in
Table 2.2.

Gaze is a general indicator of attention and can be directed at other
conversational participants, as well as ar features of the physical environ-
ment. By gazing at the speaker 11stencr5 derive i 1mportant information from

he enankarla farial
the speakers ladial ¢

pOm ire, and schl.un: In this way, ihe
speaker’s visible behaviors hclp clanfy the content of what is being said.
Speakers interpret listeners” attentional behavior as feedback for determin-
ing how well their message is being understood and coordinate their content
accordingly (Beattie, 1978, 1981; Clark & Brennan, 1991; Goodwin, 1981).
On some occasions speakers also try and elicit this type of feedback: They

may pause in their speech until they detect visible attention from listeners
(M mndade 1TO0TY
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Communicative Functions of Gaze

TABLE 2.2
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Gaze Behoviors

Mechanism

Spreaker

Listener

Turn-taking

Availability cues
Congent Reference
coordination

Feedback cues

Interpersonal
information
cues

Speaker predominantly
looks away from
listener while
talking—negotiated
mutial gaze used as
“turnyielding” signal

Gaze at an objel

e at an obie:

cates Person’s intercst
and attention to that
object; joint attention
allows pointing

Gaze at listener can be
an attention-eliciting
device

Patterns of gaze
interpreted as
indicating sincerity,
trustworthiness,
friendliness; indicate
speakers’ affective
atritude o utterance

Listener predominanaly
iooks al speaker
while speaker is
talking; negotiated
mutual gaze used as
“turn-accepting” cue

saze at an ohject indi
cates person’s interest
and attention to that
object; joint attention
allows pointing

Gaze ar the speaker
indicates interest in
what the speaker is
saying

Patterns of gaze
interpreted as
indicating sincerity,
trustworthiness,
friendliness; indicate
listeners’ response to
uiterance

Gaze may also be coordinated between conversational partic ipants to
achieve mutual gaze or joint attention. Mutual gaze occurs when two par-
uelpants are concurrently looking at each olhe1 Joint attention is when
re mutually oriented to a common part of their shared visible
environment and are aware that their conversational partners are also
looking at it. People are very good at determining where others are looking.
This facilitates joint attention, which allows greater flexibility in referring
to objects, because the speaker can infer which objects are highly salient
to listeners (Clark & Marshall, 1981).

Gaze is also an indicator of interpersonal attitude or affect. Speakers
tend (o gaze at a listener’s face more when they are being more persuasive,
deceptive, ingratiating, or assertive (Kleinke, 1986), and are more likely
to lock at conversants whom they like (Exline & Winters, 1965). In addition,
people tend to evaluate others by their patterns of gaze: People who look
at their interlocutor only a small part of the time are judged as “defensive”

“evasive,” whereas those who look 2 lot of the time are “friendly,” “ma-

or
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Gaze is also a key mechanism in the co-ordination of the conversational
process of turn-taking (Kendon, 1967). As speakers draw to the end of a
natural phase in their utterance, they are likely to gaze directly at their
listener. By looking at the listener, speakers signal that they are ready to
finish speaking. They then wait for a gaze from the listener confirming
that the listener is ready to continue. When the listener and speaker achieve
mutual gaze this serves as a confirmation of the transition, and the listener
then takes over as next speaker.

Finally, it is important to note that participants spend relatively small
amounts of time gazing at others while conversing. The amounts of gaze
directed at others can be as low as 3% to 7% of conversational time, in
the presence of relevant visible objects (Argyle, 1990; Argyle & Graham,
1977). Mutual gaze is even lower with recent studies reporting levels of
below 5% (Anderson, Bard, Sotillo, Newland, & Doherty-Sneddon, in
press). Given these low frequencies, it appears that conversational partici-
pants have restricted opportunities for eliciting visual information about
others and neither speakers nor listeners have access to all the visible
behaviors of others. This work also shows that conversationalists are often

[ PR :
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1990; Argyle & Graham, 1977).

Gesture. Gesture is the set of dynamic movements and shapes formed
by a person’s hands and arms during communication. Like gaze, it also
supports multiple communication functions, shown in Table 2.3. It is used
to coordinate conversational content, achieve reference, and assist in turn-
taking. Some gestures, known as emblems, have conventionalized mean-
ings, such as the “thumbs up,” and “V for victory” (Efron, 1982). These
can substitute for spoken words or phrases. Other iconic gestures can
express propositions with a spatial or dynamic aspect: “It was this hig,” or
“it moved like this,” where the word “this” is illustrated by an appropriate
gesture. A final
“speech primacy movements”), allows speakers to emphasize, evaluate, or
“comment on” the information they are conveying verbally. In some cases
“heats” serve the function of coordinating talk with the listener (Cassell,
McNeill, & McCullough, in press; McNeill, 1992).

Given joint attention, pointing gestures can be used to achieve reference.
Pointing gestures can also be used to manipulate or direct the attention
of others, either by pointing and using speech, such as “look at that” or
by pointing alone (Goodwin, 1981). Gesture can also he used to commu-
nicate more abstract characteristics of the space the speaker is talking
aboul, such as the relative positions of the objects it contains, and their
relative orientations (Cassell et al., in press; McNeill, 1992). Finally, gesture
can serve to coordinate turn-taking transitions, and hence serve to coor-
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TABLE 2.3
Communicative Functions of Gesture

Gestural Behaviors

Iy, it '3
Mechunism Speaker Listener
Process Turn-taking Termination of speaker Listener gestures
coordinration gesture interpreted signal desire to speak
as wrn-yielaing cue
Availability
Content Reference Pointing facilitated by Pointing facilitated by
coordination Jjoint atiendon Joint attention
Feedback
Interpersonal
information

dinate process. The continuation of any speaker hand movement—of what-
ever gestural type—acts as a cue that the current speaker wishes to hold
the conversational floor. Similarly, the termination of gesture—again re-
gardless of gesiural fype—acis as a signal that the speaker is ready to hand
over the conversational floor, and is therefore referred to as a “turn-yield-
ing” cue. Hand gestures can also be used by listeners to signal that they
want to say something (Goodwin, 1981).

Facial Expression. Facial expressions are conveyed by the eyes, eyebrows,
nose, mouth, and forchead. Information from the eyebrows and mouth is
of prime importance in facial expressions (Ekman & Friesen, 1975). Facial
expressions play a role in coordinating content: They provide listener
feedback and serve as general indicators of emotional state. Information
from the speakers’ lips can also serve to disambiguate spoken content.
These functions are shown in Table 2.4.

Facial expression offers speakers informati
understanding. There are two methods by which the face provides feed-
back. The first, head nods, provides the speaker with concurrent feedback
about what has just been said, and modification of the normal frequency
and duration of head nods disrupts speakers’ ability to communicate (Bird-
whistell, 1970). Listener’s facial expressions also reveal interest, puzzle-
ment, or disbelief about what they are being told {(Ekman & Friesen, 1975).

The face is also a rich source of information about the affective state
of the conversational participants. The eyes, mouth, and eyebrows are
highly expressive. Ekman and Friesen (1975) have shown that people across
a number of cultures are able to recognize seven distinct facial expressions
from posed photographs (happiness, sadness, surprise, anger, disgust, fear,
and interest}. Affective expressions allow listeners to infer speakers’ current

about listeners’ level of

o1
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TABLE 24
Communicative Functions of Facial Expressions

Fusial Expressions

Con N
s Mechanism Spreaker Listener
Process Turn-taking
coordination
Availability
Content Reference Visual informatiosn
coordination from reading the
speaker’s lips de-
creases the ambig-
uity of speech
Feedback Head nods indicate
assent or dissent; ex-
pressions indicate
interest, understand-
ing, puzzlement, or
disbelief
Interpersonal Expressions indi- Expressions indicate
information cate happiness, happiness, fear,
fear, interest, interest, surprise,
surprise, sadness sadness

emotional state, and expressions allow their audience’s emotional reaction
to what is being said,

Finally, faciul expressions, especially lip and teeth movements, can help
decipher speech. The lip shape, teeth, and to a lesser extent tongue po-
sition give listeners visual information about the phonemes that the speaker
is producing. Unintelligible speech can be rendered interpretable by visual
information about lip shape. When lip shapc information is available,
listeners can interpret an additional 4-6 dB of noise and achieve the same
level of intelligibility (Summerfield, 1992). The effect of visual information
on speech perception is also demonstrated by the “McGurk effect,” in
which conflicting information from face and voice is “heard” in a way that
combines both modalities. If the lips say “ga” and the voice “ba,” then
people hear it as “da” {McGurk & MacDonald, 1976).

Posture. This is the information supplied by the inclination and orien-
tation of a conversational participant’s body, in particular their trunk and
upper body. The positions of both the arms and legs are also important
here. Posture is less dynamic than other visible behaviors, with variations
occurring less frequently. The communicative functions of posture are
shown in Table 2.5. Posture is another cue as to the degree of interest or
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TABLE 25
Communicative Functions of Posture

Postural Behaviors
Conversutional

Mechanism Spectker Listener
Process Turn-taking Listener activity can signal
coordination a desire to interrupt
Availability
Content Reference
coordination
Feedback Autention, interest in what
speaker is saying
Interpersonal Reveals speaker’s Reveals listener’s affective
information attitude to utterance reaction to utlerance

engagement of a conversational participant. It therefore provides feedback
to the speaker about how the message is being received. Interest is signaled
in listeners by leaning forward, and by speakers in leaning forward and
drawing back their legs. In contrast, boredom is signaled by head lowering,
or turning the head to one side, supporting the head on one hand, leaning
back and stretching out one’s legs (Bull, 1978). Body position and orien-
tation can also be used by the speaker to include or exclude people from
the conversation (Goodwin, 1981).

Sharing a Visible Environment:
information About Shared Events, Objects, and Peopie

‘We have so far focused on the role of visible behavior, namely, the gaze,
gestures, facial expressions, and posture of other conversational partici-
pants. In face-toface conversation, however, the fact that participants have
access to a shared physical environment means that other types of visible
information are available, such as information about physical objects,
events, and people. For the purpose of coordinating content, sharing the
same physical environment enables people to make inferences about the
set of objects and events that others in the same environment are likely
to know about and want to talk about (Clark & Marshall, 1981; Whittaker
etal, 1991, Whittaker, Geelhoed, & Robinson, 1993). Listeners can reduce
the ambiguity of an incoming message, by using this physical information
to infer what the message is likely to be about. Similarly, speakers can
make inferences about what their audience might expect them to converse
or know about, based on this shared physical information. Finally, people
can make inferences about the availability of others for communication,
based on visible informati

about those people. This availability informa-

s avauabuily mmrorma

tion helps the process of initiating and terminating conversations.
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. Using Visible Information About Objects and Events in Collaboration. The
" visible environment includes information about the objects and events in
the participants’ shared environment, as well as their spatial configuration
and interrelations. Information about the visible environment often inter-
acts ih«‘imponam ways with verbal and visible behaviors, such as when
participants gesture at, orient toward, and manipulate aspects of their
environment. As we have seen, the visible environment provides crucial
contextual information that can help participants determine what things
are likely to be communicated about, and what entities are likely to be
salient to others (Argyle & Graham, 1977; Cooper, 1973; Whittaker et al.,
1993; Whittaker et al., 1994).

For tasks that require participants to jointly manipulate or modify
complex objects, it is crucial to have access to a shared environment
containing these objects to help coordinate content (Nardi, Schwarz,
Kuchinsky, Leichner, Whittaker & Sclabassi, 1993; Nardi, Kuchinsky, Whit-
taker, Leichner, & Schwarz, 1996; see chapter 23, this volume; Gaver, Sellen,
Heath, & Luff, 1993; Whittaker et al., 1993). Having access to a shared
environment can be beneficial in multiple ways: Not only can participants
mutually directly observe changes to that environment, but the shared
environment also provides straightforward methods for people to exchange
and simultancously look at objects. Thus many workplace interactions
involve documents, and a shared environment enables people to easily hand
overa document, or for both participants to mutually orient to the document
{Whittaker et al., 1994; Whittaker, Swanson, Kucan, & Sidner, in press).
Furthermore, objects such as documents can be used as “context-holders”
for intermittent workplace commumications between colleagues, There are
often long delays between different fragments of workplace conversations
about ongoing shared tasks. Workers sometimes leave documents relating
to current ongoing communications on their desktops as reminders of tasks
in progress (Whittaker et al., in press). Similar “context-holding” functions
were observed in intermittent interactions around different types of shared
objects (Nardi, Kuchinsky, Whittaker, Leichner, & Schwartz, 1996; chapter
3, this volume).

Using Visible Information About People for Availability. Mostsimply, one can
infer the presence of another person if the person is visible.! Furthermore,
information about the proximity, current activities, and movements of other
people has been shown to influence certain aspects of communication, such
as its initiation and termination, as well as how interruptions are handled
{Heath & Luff, 1991; Kendon & Ferber, 1973; Kraut et al., 1993; Tang, Isaacs,
& Rua, 1994; Whittaker et al.,, 1994; Isaacs & Tang, chapier 9, this volume;
Isaacs, Whittaker, Frohlich, & O’Conaill, chapter 22, this volume). This
information is easily derived from the visible mode. In addition, other

i
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information about physical appearance is conveyed visibly and can support
inferences about ot participants’ gender, age, and possibly dispositions.

Workplace interactions are generally unplanned (Isaacs et al., chapter
22, this volume; Kraut et al., 1998; Whittaker et al., 1994), and visible
information provides mechanisms for initiating those types of communi-
cation. First, sightings of others can lead one to fall into spontaneous

conversation, such as in public areas like coffee areas (Kendon & Ferber,

s

needs to be discussed, so that the sighting serves as a reminder that a
conversation needs to take place (Kraut et al., 1993; Whittaker et al., 1994).

-Visible information is also helpful in determining whether a colleague is

receptive to an unplanned conversation, offering vital clues as to how
available or interruptible they are. For example, passing by a colleague’s
office, it is possible to determine whether they are present and, if so, infer
whether they can be interrupted and in some cases, how fong such an
interruption should last (Frohlich, 1995; Isaacs et al., chapter 22, this
volume; Whittaker et al., 1994). Finally, this class of availability information
can influence the termination and character of conversation. A substantial
number of dyadic workplace communications are ended or changed by
the arrival of a third party. Often this person indicates a desire to interrupt
or join the conversation by “hovering,” waiting for the current conversation
to reach a point where the person can break in (Whittaker et al., 1994).
Again, the information indicating to the conversationalists that another
person wishes to interrupt or join them, is available in the visual channel.

EVALUATING THE EFFECTS OF ADDING VISIBLE
INFORMATION TO AUDIO-ONLY COMMUNICATION

Given the analysis of critical communication features and the different func-
tions of

here might we expec

supplementing audic with visible information? The preceding analysis
suggests three distinct hypotheses about how visible information provided
by video might improve audio-only communication. Extensive reviews of these
hypotheses are also provided in Whittaker (1995, 1996).

Nonverbal Communication Hypothesis

The nonverbal communication hypothesis is that visible behaviors such as
gaze, gesture, facial expressions, and posture provide information that is
absent from audio-only communication. One evaluation of the hypothesis
has been to conduct short-term laboratory studies comparing video-medi-
ated with {a) audio or (b) face-toface interaction, in the context of a
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_particular communication task. The comparison with audio reveals how and

cechoonly communication, and the
ch-only communication, anc ne

when video informaiion enhances sp
comparison with face-to-face communication about how effectively video/
audio mimics face-toface conversation. Another technique has involved
longer term field studies, installing video systems to evaluate their use (Abel,
1990; Bly, Harrison, & Irwin, 1993; Fish, Kraut, & Chalfonte, 1990; Fish,
Kraut, Root, & Rice, 1993; Gaver et al., 1992; Mantei etal., 1991; Tang et al.,
1994). There are methodological difficulties with the two types of data from
field evaluations, however. The first type of data is from workgroups at the
same physical location using high-quality video systems. Here, the ready
availability of face-to-face communication may reduce the incidence and use
of video technology. There is also data from geographically djsnibuFed
workgroups ihat have higher incentives to use the system but are using
inferior video technology because of the constraints imposed by wide-ar¢a
networking bandwidths.

There are three distinct versions of the nonverbal communication hy-
pothesis, each of which addresses different features of communication
(Whittaker, 1995, 1996): (a) video provides cognitive cues that faciFiFate
shared understanding; {b) video offers process cues to support turn-taking;
(c) video providessocial cues and access to emotional information. Cognitive
and social cues address the issue of coordinating conversational content,
whereas turn-taking addresses process coordination. The prototypical sys-
tems here are the videoconferencing suite or videophone. We review
evaluations of each of the three subhypotheses about the role of nonverbal
communication, first for high-quality and then for low-quality systems.

Chapanis and colleagues {Chapanis, 1975; Chapanis et al., 1972) con-
ducted a series of laboratory experiments testing the cognitive cuing
hypothesis, namely, that visual cues such as head nods and gaze help speakers
to evaluate listener’s understanding and attention. They compared the
effectiveness of a variety of different media combinations for different

gnitive problem-s lving tasks, by looking at task outcome measures such
as time to solution and quality of solution. The tasks involved complex
instruction giving and route planning. In one task, subjects had to jointly
construct a mechanical object where one person had the physical compo-
nents and the other had the instructions. In another task, one person was
given a map and the other given a copy of the Yellow Rages. ’!:hey' were asked
to identify a map location satisfying a number of criteria, such as e u¢arest
dentist to a given street address. The research compared two media condi~
tions: audio-only communication, and high-quality video/audio, where the
video showed the head and shoulders of the remote participant. However,
the studies showed that adding visual information in tasks where it is
important to track the understanding of remote participants did notincrease
the efficiency of problem solving, or produce higher quality problemsolving.
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Furthermore, other experiments comparing different combinations of me

dia indicated that sneech unc the eritical mediinm Far §m e o
dicated that speech was the critical medium for interper
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detl L0 =
nication in collaborative problem solving: Removing the speech channel had
huge effects on the outcome of communication. If participants could use
the speech channel, then the addition or removal of video, text, or writing
media had litde effect on task outcome or quality of solution.

These results showing Tittle impact of visual information on cognitive
problem solving have been replicated by several other laboratory studies
(Reid, 1977; Short et al., 1976; Williams, 1977). Most importantly, this is
not an issue of video quality: Even face-to-face interaction is no better than
speech only communication for this class of task (Williams, 1977}, Similar

negative results are suggested by field study research. A study of high
quality local area videophone conducted over several months in a research
laboratory showed few objective usage differences compared with the tele-
phone (Fish et al., 1993).2 Phone and videophone calls have similar du-
rations, and are used for the same set of communication tasks. The re-
searchers also administered a questionnaire asking people to state the tasks
for which they felt that different communication techniques (e.g., video-
phone, teiephone, face-toface) were appropriate. Multidimensional scaling
techniques applied to people’s answers indicated that videophone is viewed
by users as more similar to the telephone than face-to-face communication.

There is some counterevidence to these negative results, however. For
a design task, Olson, Olson, and Meader (1995) showed that groups com-
municating face-to-face generated higher quality designs than audio-only
groups, when those groups had access to a shared workspace. There were
also ditterences In mutual understanding. Audio-only groups spent more
time in stating and clarifying issues than groups that also had a high-quality
video link.

The results are more mixed for the turn-taking hypothesis. Sellen (1995)
investigated this in a series of laboratory studies of negotiation tasks, in
which groups discussed contentious issues and tried to reach consensuys,
There was little evidence to support the claim that high-quality video in-
formation improves conversation management and turn-taking, when com-
pared with audio-only conversations. For objective conversation process
measures such as pausing, overlapping speech, and interruption manage-
ment, there were no process differences between the video/audio systems
and speech-only communication. Furthermore, none of the video/audio
systems replicated face-toface conversational processes. The video,/audio
systems reduced the ability of listeners to spontaneously take the conver-
sational floor, as measured by number of interruptions.* Video/audio sys-
tems led speakers to use more formal techniques for handing over con-
versational iniliative, such as naming a possible next speaker or using “tag”
questions,’ when compared with face-to-face interaction. Similar data are
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_reported by O’ Conaill et al. (1998), who also found speakers holding real

et e neine hich-ouality videoconferencine used more formal mrn-tak-
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ing techniques than were observed in face-to-face interaction. One expla-
nation. of the failure of even high-quality videoconferencing to replicate
face-to-face communication processes is that most videoconferencing sys-
tems do not support directional sound or visual cues. They tend to present
sound and picture from a single monitor and speaker, which may com-
promise sound direction, head turning, and gaze cues in group interac-
tions. Testing his hypothesis remains an outstanding research issue.

However, there are some differences in subjective data about turn-taking
gathered from questionnaires. These differences concerned subject’s im-
pressions of the impact of video on conversational processes (Sellen, 1995).
Video/audio is perceived to be better than speech in 2 number of ways.
It is perceived to support interruptions; lead to more natural conversations
that are more interactive; increase the ability to listen selectively to par-
ticular speakers; allow one to determine whether one is being attended
to; and to generally keep track of the conversation. People also believe
that they are better able to track the attention of others \jzhen t.htfy.' nl'ian&:e
video. Similar qualitative data are reported by Isaacs and Tang (1993),
who found that video seemed to allow participants to manage pauses better
than in speech-only communication. Despite this, Tang and Isaacs (1993}
also found that high-quality video was not perceived as equivalent to face-
to-face interaction: Subjective data showed that video was seen as less ef-
fective in supporting interactivity, selective attention, and the ability to
take initiative in the conversation.

There is stronger evidence for the claim that video supports the trans-
mission of social cues and affective information. Adding video information
to the speech channel changes the outcome and character of communi-
cation tasks that require access to affect or emotional factors. Example
tasks here include negotiation, bargaining, and conflict resolution, Partici-
panis focus more on the motives of others when they have access to visual
information, and video/audio conversations are more personalized, less
argumentative, more polite, and broader in focus. They are also less likely
to end in deadlock than speech-only communications (Reid, 1977; Short
et al., 1976; Williams, 1977). These results can be explained in terms of
affective cues: Providing visual access to facial expressions, posture, and
gesture allows peopie to make inferences about other participants’ affecti
or emotional state. There are also subjective benefits to providing visual
information: Participants believe that video/audio and face-to-face inter-
action are better than audio only for tasks requiring affect, such as getting
to know other people, or person perception tasks. In addition, groups
conversing using audio and video tend to like each other more (Reid,
1977; Short et al., 1976; Williams, 1977).
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The preceding evaluations all used high-quality audio and video. Current
technology limitations and restricted networkine bandwidth mean, how-

ricied networxing dandwidth mean, Now

ever, that high-quality systems will not be available for some years. It is
therefore crucial for design and implementation that we understand the
utility of low-quality video. One key finding from studies of low-quality
video systems is that in certain circumstances adding visual information
can detract from the interaction processes, if the video is implemented in
4 way that interferes with audio. There are two ways that audio can be
affected in low bandwidth systems. First, certain commercial systems delay
audio transmission, to allow time for video compression and decompression
over wide-area networks, in order to present synchronized audio and video.?
Second, some videoconferencing systems enforce half-duplext audio to
preserve bandwidth for video.

There is evidence that reducing audio quality to incorporate video is
highly disruptive of turn-taking processes. In a naturalistic study, O’Conaill
et al. (1993, chapter 6, this volume) compared face-toface and video-
mediated interaction in a low-quality wide-arca system. The system had
one-way half-duplex audio with one-way lags of between 410 and 780 msec
and poor picture qualiy. The study measured a number of characteristics
of conversation processes. Interactive aspects of conversation that required
precise timing such as giving feedback, switching speakers, and asking
clarifying questions were much reduced in the low-quality system compared
with face-to-face interaction. Given the half-duplex audio and lags, speakers
were unable to time their conversational contributions, with the result that
backchannels or interruptions arrived too late, or at inappropriate points
in the conversation. As a consequence, people had to explicitly manage
speaker switches and there was increased formality in handing over the
conversational floor, using devices such as selecting the next speaker by
name. The result of both decreased interactivity and increased formality
was a “lecture-like” style of interaction, with conversational turns in the
videoconference being three times as long as face-to-face ones, making
the system only suitable for certain types of conversational tasks, such as
information exchange, that do not require quickfire exchanges.

Similar results showing the impact of audio lags on conversational
processes arc reported clsewhere. Cohen (1982) compared communication
processes in face-to-face communication with low-quality videoconferencing
for a series of laboratory tasks. The system she investigated had a 705-mnsec
lag in both video and audio to simulate the performance of the AT & T
PicturePhone. Participants found it hard to switch speakers and hard to ask
clarifying questions in videoconferences. There were twice as many speaker
switches in face-to-face communication compared with the videoconferenc-
ing system, and many more interruptions. Tang and Isaacs also evaluated
fow-quality videophone and videoconferencing systems (Tang & Isaacs,
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1993; Isaacs & Tang, 1993). They fourid that lagged audiois highly disruptive

cine many Fewsr loneer turns. Theirstudy also nrovides
cing many fewer, ionger furns. Lhelrstudy o)

strong subjective support for the importance of low-lag audio. Participan.ts
preferred to use a separate half-duplex speakerphone to reduce delays in
audio, even though it meant that synchronization between audio and video
information was lost.

Connection Hypothesis: Using Video
to Provide Availability Information

The second hypothesis is that video provides availability information about
the movements and interruptibility of coworkers. This visible environment

Pifnoet o ano Faeilimte connection for unplanned interaction. Two sepa-
information can facilitate connection for unplanne T

rate classes of video application have systematically tested this 'hypothesis:
{a) glance, which enables a user to briefly “look into” the Oﬁ“l(:? ofa cpwor!mr
to assess their communication availability, and () open links, in which
persistent video/audio channels are maintaine.d between two separate
physical locations. There are again me[hodologica! pﬁmbl»e_ms in drawing
conclusions about the video for connection hypothesis. In wide-area connec-
tion applications, video quality is poor. There may LhAerefore be less mol%\v‘a—
tion for using video for achieving wide-area connection, whgn &llle ensuing
conversation will be over low-quality video. In local-area applications, visual
connection information about coworkers’ availability may already be acces-
sible, as people move around their workplace. These confounding factors
may lead to reduced use of video for connection. Nf:v_:.fnheless, Whi?? p‘e(.)ple
do choose to use the technology for assessing availability, we can still ask how
successful the technology is in achieving connection, and we now turn to this
data. .

For a local-area system, Fish et al. (1993) tested the. use of dlfferyerlat
types of glance and their differential success in promoting opportunistic
interactions. A brief glance at a user-selected recipient was tile most fre-
quently chosen type of glance: 81% of user initiated interac‘uons were of
this type, with 54% of these leading to an extended conversation. All gtlxe.r
modes of glances were much less frequent and had much rec.iuced likeli~
hood of resulting in conversations. One type of glance was mtende(} Lo
simulate chance meetings such as “bumping into” another-pcrson in a
hallway. In face-to-face scttings neither pariicipani normally iniends :Sii(‘h
encounters, but they can promote extended workrelated conversations.
These types of chance encounters were implemented as a sys.tc.rr'l-mmated
connection between two arbitrary participants. These system-initiated con-
nections showed very high failure rates, with 97% being terminated im-
mediately without conversation. Overall, the glance options that callers
chose indicate that they want direct control over who they connect to, and

R
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when they connect, rather than having the system do this. Furthermore,
people wanied to use the “glance” as a preparation for communication,
not merely to know “who is around.” Glances that allowed “looking into”
another office without the option of communicating were an infrequent
user choice, accounting for only 12% of user selected glances.

The relationship between glances and opportunistic communication
was also cxplored by Tang et al. (1994) for a system operating across
multiple sites in a local area. Participants could first “look into” the office
of a remote coworker, with the option of converting this into an extended
conversation, Altogether, only 25% of glances were converted into conver-
sations. This is no better than connection rates using only the phone
(Whittaker et al., in press). Why was successful connection so infrequent?
A significant proportion of failures (38%) occurred when recipients were
out of their offices, but the reasons for the remainder are unclear; only
4% were when the recipients explicitly signaled that they were unavailable
for communication. Many of the other failed connection attempts may
oceur when the recipient is in the office but busy with another activity, or
another person. Tang et al. did not report this data, however.

Video and audio can also be used to support continuously “open links”
between the offices of remote collaborators (Fish et al.,, 1993; Heath &
Luff, 1991; Mantei et al,, 1991). This is intended to approximate sharing
the same physical office, so opportunistic communications can be started
with minimal effort between connected participants, and visual and audi-
tory information about communication availability is persistently available.
However, Fish et al. (1993) reported that only 5% of connections lasted
more than 30 min, and Tang et al. (19%4) reporied that only five interac-
tions (out of a possible 233) lasted more than 30 min. Thus, both sets of
usage data suggest brief interactions, rather than open links, are the main
uses of the system. Open links can also be constructed between public
areas of geographically separated sites (Abel, 1990; Bly et al., 1993; Fish
et al,, 1990). Cameras can be installed in common areas, transmitting
images of people at remote sites, so that people can see, for example, who
happens to be in the coffee area of a remote site. This is intended to
promote opportunistic conversations of the type that can occur when peo-
ple meet in public arcas of the same site. Field trials report frequent use
of open links for social greetings or “drop-ins’ between remote sites, with

70% of open l vpe {Abel, 1990; Bly et al., 1993).

ng of this ¢
Clearly, these brief interactions would have been unlikely to occur in the
absence of the system. The use of the open link was mainly Jimited to
these brief social exchanges, however, and the link was seen by the users
as heing ineffective in supporting work (Fish et al., 1093). Fish et al. (1990)
also examined how often extended verbal communications resulted from
sighting someone over the videolink. They compared this with the likeli-
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hoed of interaction following face-to-face sightings, and found that sight-
G e evar 2 videolink were less likelv to convert to extended conversation

5 over a videolink were less likel y to con to extend
than facetoface sightings.

Taken together, these preliminary resuls on glance and open links
indicate’a lack of evidence for the utility of video for connection: (a}
Failure rates with glancing are as high as with phone alone; (b) open links
are an infrequently chosen user option; () open links are less ilkely to
promote conversation than face-to-face sightings; and (d) open links be-
tween common areas are not adequate to support work. These failures
may, however, be due to confounding factors in the evaluations, or to
implementation problems, such as lack of support for overriding or inter-
rupting an existing open link (Whittaker, 1996).

Video-as-Data: Video Provides Information
About the Visible Environment

An alternative hypothesis is that a major benefit of video lies in its ability
to depict complex information about dynamic 3D shared work objf‘:cts,
rather than images of the participants themselves. This approach is partially
motivated by finding that participants spend more time looking at relevant
work objects than other people (Argyle & Graham, 1977). Thus, the video
image can be used to transmit real-time information about work objects,
and this can then be used to coordinate conversational content among
distributed teams, by creating a shared physical context. The example}
discussed here is remote surgery, but other tasks such as concurrent en-
gineering, or training also have similar requirements (Egido, 1990; Nardi
et al., 1993; Nardi et al., 1996; chapter 23, this volume).

This work is discussed in detail in chapter 23, but to summarize, four
different types of communicative use of the image were found. Firs:t, the
dynamic image of the surgeon’s actions allowed detailed coordination ‘of
intericaved physical action between the assisting nurse and the surgeon in
the operating theater. By monitoring the surgeon'’s actions, via a shared
video image viewed through the microscope, the nurse could anticipate the
surgeon’s requirements and provide the correct surgical instrument, often
without it being directly requested. A second communicative function of the
video image was that it served to disambiguate other types of surgical data
that were supplied to remote consultants, such as neurophysiological moni-
toring data. The interpretation of these neurophysiological data depends
critically on precise information about the physical actions that the surgeon
is currently executing, such as the exact placement of a surgjcal clamp or the
angle and direction of entry of a surgical instrument. Without the video
actions, the remaote consultant had to rely on verbal

ere present in the operating theater, and the

image depicting th
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inadequacy of the descriptions meant that the consultant often had to resort
to physically visiting the operating theater to observe the actions directly.
Third the video image served as a physical embodiment of progress through
the operation. Members of the team who were involved in multiple opera-
gons at different locations and also those within the operating theater could
see the current stage of each operation by inspecting the physical image, and
observing what stage of the procedure the surgeon was at. The remote

ronsiltants conld thie canrdinaie
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s 1o each operating theater
accordingly, so as to arrive at times when their physical presence was critical.”
Finally, the image was used for learning and education. The application was
installed in a teaching hospital that undertook innovative surgical proce-
dures. Academic visitors and trainees would often come to the operating
theater to observe the novel procedures on the large monitor in the
operaling theater as they occurred. Some surgeons also recorded these
procedures, to use them as aids in teaching classes.

Similar arguments for this use of “video-as-data” were made by Gaver
ct al. (1993). They looked at the use of images of 3D objects in design

tasks. Users could choose between a number of different images, including

between an imaoe of the other narticinant and variane viawe of thoa ahinet
Detween an mmage of the other participant, and various views of the object

under study. Participants rarely chose facial views of their coparticipant
(11% of the time), and “mumal gaze” (where both participants were si-
multaneously viewing each other) occurred only 2% of the time. Instead,
people were much more likely to choose an image of the object, spending
49% of their time with the object views. This shows that for this class of
design application, information about gaze and gesture of the other con-
versational participant secems to be less important than information about
the shared physical context. An extensive research program has also been
executed by Ishii, who has built a series of prototypes that use video to
combine a semireflective writing surfaces with images of the participant’s
upper hodies. This enables the fusing of an image of another participant
onto the work surface itself, making it possible to see both participant and
object simultaneously and hence accurately track visual attention, while
writing or manipulating the object (Ishii & Kobayashi, 1992). Again, a
major focus of the work is that crucial collaborative information is embod-
ied in the work object, although systematic evaluation of the benefits of
adding this attentional information has not yet been conducted.

CONCLUSIONS

We have provided a framework for identifying potential functions of visible
information in communication, reviewed evidence for three different hy-
potheses about the role of video in interpersonal communications, and
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identified outstanding research and design issues. With the exception of
e

i aceose toy affective
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for the nonverbal communication hypothesis is not strong, with few task
outcome and process differences being found between audio and video-
enhanced communications.® Furthermore, despite the absence of compel-
ling evidence for the nonverbal communication hypothesis, certain current
implementations may have compromised overall system utility by focusing
on video at the expense of providing full duplex, low-lag audio. Failing to
provide this type of audio information disrupts conversational processes
that require precise timing and bidirectionality (O’Conaill et at., 1993}.
Nevertheless, methodological and theoretical questions remain about
the nonverbal communication hypothesis. We need to refine the hypothe-

information, we found that evidence

O atiectve

sis, so that more specific predictions can be tested and better systems
designed. Visible information changes the oulcome of tasks depending on

affect or emotion, supporting the social cuing hypothesis. Neither process

nor cognitive cuing accounts are well supported, however. For cognitive

cuing, even face-to-face communication is no better than speech only, and

even high-quality video cannot replicate the conversational processes of
face-toface communication (O’Conaill et al., 1993; chapter 6, this volume;

Sellen, 1995), We therefore need to understand why even high- qual-

ity audio and video do not replicate face-to-face processes. One possibil-

ity is that current systems do not accurately simulate the presentational

aspects of face-toface interaction; spatial audio and video may therefore

be needed to replicate conversational processes (O’Conaill et al., 1993;.
Sellen, 1995). However, there are other possible explanations that also
need to be tested.

Another possible explanation of the results on the nonverbal communi-
cation hypothesis is that certain types of information are substitutable across
different conversational media, whereas others are not. Thus in face-toface
communication, cognilive and process information is partially transmitted
by head nods, eye gaze, and head turning. However, data on the efficacy of
speech-only communication indicate that cognitive and process information
can also be communicated effectively by other nonvisual cues (Walker, 1993;
Walker & Whittaker, 1990). In contrast, the removal of the visual channel
changes the outcome of tasks that require access to affect suggesting affective
information is not substitutable. Part of the reason might be that affective
cues are often not generaied inientionally, so that alihough speeck
signal affect, speakers omit the full range of allective cues when using
audio-only communication. Future theoretical work should address this
issue of the substitutability of different media and information types, and the
role of intentional cuing. Another unresolved problem concerns inconsis-
tencies between subjective and objective measures: Although outcome and
process show few differences between audio and video conversations, people

1 C
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:;ilfrl); g){g:fz vide:)-inediated communications (Fish et al., 1993; Isaacs &
Lang, Lovos Tang & Isaacs, 1993). One possibility is that subjective prefer-
€nces are an aspect of social cuing, but the social cuing account must be
clarified for this argument to be sustained.

_The connection hypothesis has yet to be systematically tested. The pu-
tative connection function of providing availability information for the
process of conversation initiation is therefore undemonstrated. Although
Yvolrkplace studies show the importance of opportunistic communicatiogs,
1t 1s currently unclear how well video can support their initiation, One
problem is the methodological limitations of current studies. Evaluation
work needs to focus more on situations in which there is a critical mass
?rfmlise: i :hfnaf gﬁog}faphifally remote: Early evaluations have suffered
FOm Oy mvestigating small user populations who often share the same
phys!ca] space. Other design factors such as long delays in inidating com-
munication, style of initiation, and, most importantly, privacy issues also
have to pe addressed before we know about the effectiveness of video for
c?nnecuon (Tang et al., 1994; Whittaker, 1996; Whittaker et al., 1994).
V\ork should also be done to investigate whether alternative technologies,
such as active badges (Pier, 1991}, could also supply availability information
and hence substitute for visual information. There is also the question of
the extent to which other asynchronous technologies can partially substi-
tute for opportunistic meetings. Can a brief e-mail or voicemail message
replace a short synchronous discussion and hence reduce the need for
Temote opportunistic meetings (Whittaker et al., in press)?
_ Fmally, video-as-data is a promising area, where more applications should
be bluill and evaluations conducted. Much early work on video has neglected
the importance of shared objects as part of a shared context. Given the lack
of clear support for nonverbal communication, video-as-data may be a more
successful use of video if we can identify tasks that are focused on complex
dynamic 3D objects. Recent work on the nonverbal communication hypothe-

sis also indirectly offers sunnort for shared ohiects and 5 shared amwmon
7 v OSHMpPULL UL staltu UDJLLlL dlll 4 Srdrca Cnviron-

ment. For desktop videoconferencing applications, the presence of ashared

workspace improves cognitive problem solving (Olson et al., 1995). How-

ever, as with opportunistic connection, there are also outstanding social

gs\:ei about privacy and access that have vet to be addressed for “video-as-
ata.

Overali, this chapter suggests that the role of visible information and
tl}e successful application of video technology for interpersonal commu-
nications still require extensive research. Rather than the single function
of beradening communication bandwidth implied by the nonverbal com-
m}lmcatiou hypothesis, we need to extend the set of hypotheses we enter-
tain about video, to think about video for initiating onnortuni

or initiating opportunis

He comm-
e comm

nication and representing shared objects. The work reviewed here also
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suggests that the benefits of video are task and situation specific. Future
fesearch must explain when and why this technology brings benefits to
interpersonal communication.

NOTES

—_

. Of course there are other indicators of presence. One can often infer presence from
hearing another person, or from hearing others talking to them.

. Many other recent field trials have investigated videophones, open links, and media spaces
(Abel, 1990; Bly et al., 1993; Gaver et al., 1992; Mantei et al., 1991; Tang et al., 1994),
but few of these studies have explicitly addressed the enhanced audio hypothesis, Instead,
their focus has either been on the technical feasibility of building distributed video systems
or alternatively on discovering novel uses of video applications such as vides for conn
We review these novel applications in the next section.

3. The ability to interrupt the speaker at any point of the conversation, such as to ask 2
clarifying question, is regarded as a positive aspect of conversation, indicating spontaneous
speaker switching (O’Conaill et al., 1994; Rutter & Robinson, 1981; Sellen, in press; Walker
& Whittaker, 1990; Whittaker & Stenton, 1988).

- Examples are “isn't it?,” “aren’t they?,” “couldn’t you?,” and involve an auxiliary verb and
question syntax, at the end of a sentence.

5. Exact lags depend on the system and network, but typical figures for one-way lags are 705
msec for the PicturePhone system (Cohen, 1982), between 410 and 780 msec for an ISDIN
system operating between the United States and the United Kingdom (O'Conaill et al.,
1993; Whittaker & O'Conaill, 1993), and 570 msec for an ISDN system operating from
coast to coast in the United States (Tang & Isaacs, 1993; Isaacs & Tang, 1994).

. Half-duplex audio only allows unidirectional transmission of audio. This prevents certain
key conversational processes that depend on multiple participants at different ends of an
audio 1
feedback to the speaker, or interruptive clarifying questions.

- This function is similar to using video for connection, in that video information is used
to coordinate a communication episode between people at remote locations.

8. Although more recent work with very-high-quality directional video may show small dif:

ferences (Olson et al., 1995).

o

e

@

g able 1o speak simultanecusly, for example, backchannels to provide
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Chapter 3

Technology Constraints of
Video-Mediated Communication

Joel 8. Angiolillo
Harry E. Blanchard
Edmond W. Israelski
Amir Mané

AT & T Bell Laboratories

This chapler provides an overview of the technology underlying video mediated
communication (VMC) that directly impacts the users’ experience. After a brief
discussion of types of VMC systems, technologies are introduced in the  framework
of the life cycle of a video call. First, call setup involves establishing a commau-
nications conmestion. Capture involves camera technology and control. Image

processing includes compressing and coding for In
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bandwidth of communications system. Next, the different types of transmission
systems are discussed: POTS (plain old telephone service), ISDN (Integrated
Service Digital Network), LANs (local area networks), private lines, CATV
{ ity ant levision), the Internet, and so on. Finally, there is
discussion of the technology characteristics of the output display devices and
thetr impact on the user experience.

INTRODUCTION

When one asks what video adds to an auditory channel, such as that
provided by the common telephone, the answer, as it emerges from the
body of work presented in this book, cannot be understood, interpreted,
or integrated without basic understanding of the underlying technology
of VMC. As illustrated in the studies presented by O’Conaill, Whittaker,
and Wilbur (1993), to understand and interpret the different findings
obtained by using different systems one has to understand the technology
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in use: What is ISDN?' What is broadband transmission? What is audio
~dlelay and why is it introduced? What is the implication of using a satellite
for transmission?

The purpose of this chapter is to focus on those aspects of the technology
that directly impact the user’s experience in VMC. Thus, although topics
such as communication protocols and network topology are important
parts of the infrastructure, they are only briefly mentioned. Instead the

1us is on topics su as 2 imace and its implicadions o VM for
focus is on topics such as the image and its implications to VMC, for

example, the impact of the time delay associated with image processing
on sound quality and the synchronization between sound and sight.

TYPES OF VMC SYSTEMS

Before describing the technologies, it is important to distinguish among
the various types of VMC systems, to illustrate how various combinations
of user groups and tasks led to the creation of distinct market segments.

Video Telephones

The longest sought-after system is one that simply adds a video image to
the audio connection provided by the familiar telephone. Envisioned as
the next generation of telephones, these devices are variations on the
theme of a telephone with a small screen and a camera lens. Grandparents
will use it to talk to their grandchildren and teenagers will chat with their
classtnates. Price dictates the level of technological sophistication that wili
be built into personal videotelephones. Another design constraint is that
the existing public switched voice telephone networks must be used for
transmission, at least if the service is to become ubiquitous.

Desktop Video Conferencing

When the user is in the business environment, and the purpose is collabo-
ration among individuals who are physically distant, cne solution is the
integration of video capability into the personal computer (PC). The user
may add a camera near the computer monitor and use a telephone line
area network {LAN) to conneci 1o other users. The use of the
PC is conducive for adding data exchange: In addition to seeing each
other and talking, the users can share data, either by wansferring files or
images, or by sharing an application and working on it jointly. These
systems can be used as a point-to-point connection between two employees,
or in a multpoint connection, in which a conference is held among mul-
tiple participants.

3. TECHNOLOGY CONSTRAINTS OF VMC 53
Group Systems

Designed to support business meetings between groups in different loca-
tions, group systems have already established VMC as a viable business.
Initially, group systems required that usess travel to a specially designed
videoconference facility. The specialized rooms are typically equipped with
several cameras and monitors. However, the field has grown to include a
new category of “roll-about” systems. These systems have an integrated
camera and monitor mounted on a cart that can be moved from one office
to another. The group systems often use dedicated transmission facilities
that support the presentation of a better quality image at a cost that is
significantly higher than that of a regular telephone call.

Media Spaces and Special-Purpose Systems

Media Spaces are unique VMC systems designed to create for distant lo-
cations a virtual meeting room that gives the people who visit the room a
sense of copresence with the people in the other location(s) (e.g., Abel,
1990; Buxton, 1992; Fish, kraul, Rooa, & Rice, 1993; Olson & Bly, 1‘391).
They were developed mainly to allow researchers to experience and study
the mechanisms and dynamics of remote collaboration. On the commercial
side, one can find a variety of special-purpose systems, most of them de-
signed to address specific business needs, for specific user populations.
One such example is the banking “kiosk” that allows a distant banking
expert to provide personalized advice to customers in a remote branch

THE LIFE CYCLE OF A VIDEQ CALL

The primary techn ology challen; p
image from a camera and the audio signal from a microphone in one
location, to a monitor and a speaker in another.

Regardless of the media in use, the participants in a2 VMC must set up
a call, establishing a physical connection between the two or more locations.
Once a connection is established, the camera and microphone can begin
to capiure the sights and sounds of the participants. Because of limited
transmission capabilities, it is necessary to process the image, that is, move it
from its analog form to a digital one, and compress it. The compressed
digitat signal can be sent to its destination through the transmission facilities.
Once at its destination, the signal has to go through additional processing,
this time decompressing the data and transforming it back to
that can be displayed to the participants in the other location. Of course

alog signal
og signal
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Ihls process is most often bidirectional and symmetrical, and can take place

among mnlnn]P locations.

chapter follow the life cycle of the audiovideo call,

The sections of th
and describe the technology that is required to accomplish the communica-
tion, with a focus on the relevance of this technology to the user experience.

Call Setup

The basic function in VMC is to set up a video call. Yet the ease with which
the user can initiate a video connection, or lack thereof, could be the most
serious barrier to the use and acceptance of this new technology. Spontaneity
has not been a characteristic of traditional teleconferencing: rooms, com-
munications channels, and/or equipment have to be reserved beforehand.
Yet the full promise of video cannot be met unless users have the same
spontaneity they enjoy with voice communications. Indeed, experiments
with continuously available video links (Fish et al., 1993; Olson & Bly, 1991;
Tang & Rua, 1994) demonstrate the interesting possibilities when video can
support informal and spontaneous communication across distances.

Unfortunately, the complexity of the telecommunications systems is not
always hidden. Frequently, videoconference setups require the dialing of two
telephone numbers (which may be different) to acquire the appropriate
bandwidth (this is common for [SDN-based communications in the United
States). And the situation gets more complex when multipoint conferences
must be made, and when communication must be established between
different equipment (using different protocols and/or networks). At the
very least, a third number must be dialed to a teleconlerencing center
and/or interworking center in the network. Users often do not know what
type of equipment they or their callers have, and itis difficult for the network
to identify what equipment the users have. Call setup problems can be cased
by having expert technicians set up all the proper equipment beforehand,
but then that destroys spontaneity of communication.

Capture

The video call begins in a specific room, in a unique physical environment
in which a particular camera and microphone are placed, capturing the
words, gestures, and displays of the speakers.

Physical Environment. The size and shape of the room add constraints to
many other impor[am physical variables such as room acoustics and lighting,
and placement and size of video monitors, cameras, and audio equipment.
The ph ical placement of
monitors, cameras, microphones, and speakers. Rooms with poorly planned

1,:ym_|_l_ of the room will determine the ¢
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wall space may not allow all participants to have good viewing angles to
maintain good eye contact.

Video communication experiences can be successful if and only if audio
communication quality is excellent. Besides the sophistication of the elec-
tronics, audio quality depends on the quality of room acoustics and mi-
crophone placement. Reverberation must be minimized to reduce un-
wanted echoes and boomy, unpleasant sound. Full-duplex sound, in which
a two-way voice path allows both parties 10 speak at once, is desirable but
can only be achieved with superior room acoustical treatment, such as
sound-absorbing wall coverings and furniture.

Another important variable is room lighting. Professional direct and
indirect lighting must be designed to allow video cameras to work effectively
so as to produce acceptable video images with minimal shadows and with
even lighting of people and objects. Often, when VMC is integrated into
the office environment, the room lighting is inadequate and results in a
dark and blurred image of the speaker.

Camera. The camera can transmit its image in analog or digital form.
It could be a simple fixed-focus, fixed-iris, and fixed-position camera, or
an expensive video camera with a motorized mount. Most videotelephones
today use inexpensive digital cameras called CDDs (charge-coupled de-
vices), which are optically sensitive semiconductors. CDD cameras capture
images as a matrix of picture elements or pixels. (The word pixel comes
from picture element, a single dot on a display monitor.} The resolving
capacities of CDDs vary considerably and are often designed to match the
computer screen or TV resolution. Common resolutions are 320 x 240
and 640 x 480 pixels. Higher resolutions are also now available.

Camera Control, Camera control is the electronic equivalent to a person’s
eye gaze and where the person might choose to sit in a face-to-face meeting.
A user may want to control his or her own camera, the remote camera, or
both. In any case, the participant may want to control zoom (focal length or
width of view), focus, exposure (usually antomatic), pan (left and right move-
ment), and tilt (up and down moverment). Local camera control also includes
the important abilities of switching among other video sources such as docu-
ment, slide, or overhead projection cameras.

A special case of the need to control the local camera is self-view, the state
in which the user’s own camera output is displayed on the local screen.
Self-view mode can either be full screen or a small picture within a larger
picture. Conforming to human control movement stereotypes will allow
error-free camera control. For self-view, the human stereotype is based on
years of viewing ourselves in a mirror. Moving one’s body to the left would
produce a leftward movement on the screen as in a mirror. Moving a camera
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pan control to the left would produce a scene shift to the left as the
participant views the screen. A left movement should not have the camera
move to its left as this would cause an opposite, nonstereotypic direction of
moveranent.

In systems that allow the remote control of the cameras in other loca-
tions, the stereotype is such that the viewer is taking the same perspective
of the camera in the remote location—that is, a left movement would

a

cause the camera to move to its left, Interesting control protocol problems
arise as multiple local and remote parties try to control the same cameras.

Hands-Free Communications. Hands-free communication is the most natural
and allows VMC to be most like a face-to-face meeting. Thus, most VMC
systems offerit. There are times, however, when users will prefera telephone
handset for a personal video station, such as in a noisy work environment or
when privacy is desired. Even in these situations, a telephone headset might
be a more desirable choice for audio communications. Two important
variables for handsfree communication are use of full versus half-duplex
audio, and microphone characteristics and placement.

Full-duplex audio allows complete and simultaneous ransmission of ail
audio communications from all endpoints. This is the most natural, and
is overwhelmingly preferred over switched-loss, half-duplex audio transmis-
sion. In half-duplex audio, only one side of the audio conversation can be
heard at any time. This results in clipped audio transmission, which can
only be avoided if users are very disciplined and which allows only one
talker at a time, adhering to strict turn-taking rules of conversation.

Microphone plac

ent is a critical variable, Placement interacts with
room size and room dimensions. Good audio pickup can be obtained with
microphones placed in the ceiling, in the conference table, or by the use of
special microphone arrays that can be centered on a conference table or on
a wall. The directionality of microphones is also very important to ensure
th?.[ as much of a speaker’s voice energy is picked up as possible, while
minimizing unwanted acoustical energy or noise. Multiple microphones
have been used to allow stereo transmission of sound that allows stereo
imaging for localizing multiple people speaking around a conference table.
In multipoint video conferences in which video is switched on the basis of
voice energy, the quality of microphone audio pickup is especially important
to avoid delayed video switching and false switches due to noise.

Image Processing

As described in this section, to simply transmit the captured sound and
image would require transmission facilities that are far too rare and too
expensive. The raw image from the camera must be processed by
purpose hardware and software before sending it to the remote site.

al-
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Transmission media come in different sizes, as measured by the number
of bits they can camy reliably in a second. A standard copper telephone
line is commonly used to transmit 9600 bits per second (bps) or, more
recently, 14.4 and 28.8 kbps (kilobits per second, or a thousand bits a
second). This is the work-a-day service you get from your local telephone
company for your home costing between $10 to $20 a month. Modern
digital service costing two to three times that much can deliver 128 kbps.
A private line broadband service could deliver 30 Mbps (megabits, million
bits per second) at thousands of dollars per month. How many bits per
second do you need?

you want to send TV-quality full-motion

s
te to ancther. The TV screen is composed of

The Burden of Video. Suppose
i 1

color pictures from one sic

approximately 525 rows by 525 columns of pixels, or 250,000 in a single
frame. To get smooth motion, you will want to send at least 30 frames per
second (the NTSC standard in the United States; the PAL standard in
Europe is only 25 frames per second, but it has more pixels per frame).
The color and the luminance of each pixel needs to be described, as does
the sound, of course. The resull is that a single TV channel requires
approximately 90,000,000 bps, equivalent to more than 1,300 voice chan-
nels. A good analog connection, like that which carries telephone calls to
your home, will give you at most 28,800 bps. A common digital connection
(ISDN-BRI) in offices today might provide 128,000 bps. In either case, you
are trying to fill the pool with a squirt gun.

Compression. What are your choices? You can wait until we all have
optic fibers able to carry billiens of bits per second to our homes and
offices, or you can reduce the data required to display images. There are
a number of ways to do this. First, you can reduce the size of the signal by
eliminating some of the information, for example, by making the screen

smaller or by sendine. s3v. b frames a second instead of the 20 yveouired
smauner OF DYy Sending, 5ay, 2 irames a seCona mstead o1 ne v required

to produce the perception of smooth motion. Second, you can compress
the signal. Compression is simply taking out the bits that are not needed,
by finding the statistical redundancy in the data stream. For example, if
there is a blue bar in the frame, you can send a few bytes to say “the next
5,000 pixels are blue” instead of sending 5,000 individual pixel descriptions.
Extracting the redundancy in a frame is called intraframe coding.

You can also predict what will happen at a particular pixel, based on
what was at the same location (or a nearby location) for the last several
frames, or even the next several frames. Extracting this temporal redun-
dancy in the signal is called interframe or predictive coding. Interframe coding
schemes send only the bits that have changed from the previous frame,

or, more precisely, the bits that were not predicted correctly. Some com-
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pression/decompression algorithms will return exactly the same informa-
tion. as one started with socalled on with a typical savings of
2:1 or 3:1. Lossy compression loses some of the information so that the dis-
played image is not exactly the same as the encoded ones. Because the best
of these ‘algorithms achieve a 600:1 savings or more, and because the
human eye is very forgiving when viewing moving pictures, lossy compres-
sion schemes are used on most videoconferencing systems. A number of
compression algorithms are in use today. For more detailed descriptions
see Netravali and Haskell (1991).

Codecs. Analyzing the frames to extract redundant and unneeded infor-
mation requires both standards and devices that can perform billions of
computations per second. The device that processes the frame on the
sending side and, likewise, processes the same frame at the receiving side is
called a codec (for coding/decoding). There are two types of codecs:
software-only and hardware-assisted. Software-only codecs are fine if you are
encoding a video clip for later viewing using an asymmetrical algorithm like
MPEG, motion coding, or JPEG, stillimage coding (Motion Picture Experts
Group and Joint Photographic Experts Group, respectively). These algo-
rithms decompress quickly for normal viewing, but require a relatively longer
time for compression. However, if you want the compression and decom-
pression to be symmetrical (to take the same amount of time to compress as
to decompress) and to happen in real time, as you do in a videotelephony
service, you need extremely fast, special-purpose integrated circaits.

Much of the technologist’s excitement in visual communications centers
on these small, thumbnailsized chips, specially designed to code and de-
code images hundreds of times a minute. Although the 10foot-tall refrig-
erator-sized codecs of 10 years ago are now a handful of chips, they are
still one of the most costly components in a visual communications system.?
The world of ISDN vidco has adopted the ITU-T? H.261 standard for
coding moving images. This standard is also called the P x 64 standard
because it provides for video at a number of different data rates, all at
multiples of 64 kbps, the most popular being 64, 128, and 384 kbps.

All codecs are not equal, even those using the same compression/decom-
pression algorithms. Each codec performs differently for different types of
visual material, at different bandwidths, with different types of i lmpalrmems

In the world of digitized video, therc is

IS}C clsl CLd'Ul
measure video quality and therefore codec quality. (For a discussion of the
complexity in measuring compressed video quality see Hearty, 1993.)

ndard o

Video Standards and Interoperability. Both processes, encoding and de-

coding, must speak the same language. These languages can either be

proprietary kowned by one company) or nonproprietary (developed by inter-
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national standards bodies). It should be noted that there are many pro-
tocols governing VMC, from how the video is compressed (ITU-T H.261),
to framing synchronization (ITU-T H.230), to the algorithm for 7-kHz
audioc in 64 kbps (ITU-T G.722), to the numerous communication proto-
cols that determine how calls are set up and maintained (e.g., the ISDN
protocols). Viable markets can not be developed until there are widely
held standards to build to, but at the same time, the technology is changing
so quickly that as soon as a standard is agreed upon, there are better ways
of doing things. Table 3.1 gives a list of relevant audio and video standards.

However, it is not exactly true that both devices must speak the same
language. Interoperability services are available that will connect two video
devices that operate with different protocols or at different data rates.
These services often provide multipoint bridging as well. Unfortunately,
these conversion services add cost and delay to the transmission.

Audio Delay and Lip Synchrenization. Bandwidth limitadons cause the
second major technical issue behind VMC: audio delay. Delay caused by
terrestrial transmission and by switching equipment is negligible, In the
public analog voice telephone network in the United States, transmission
delay is typically 20 msec to 30 msec. Delay in ISDN is around 10 msec.
T1 service (large bandwidth private trunk lines) is down in the single digits.
In contrast, a single-hop satellite adds 260 msec delay one way. Thus,
satellite links are not appropriate for two-way video communication.

The significant delay in a video call is caused by video image compres-
sion. All video compression techniques share one thing in common—they
require processing time to perform their function. Although the digitiza-
tion and compression of the audio channel require only a few thousandths
of a second, the compression of the video image introduces a typical delay
of 200 msec to 400 msec. The exact length of delay varies from one
algorithm to the other. It also varies within an algorithm from moment

length of the computation depends on indeter

minate elements, such as the amount of change in the image from one
frame to the next.

A misalignment in which audio precedes the video by 200 msec to 400
msec will be perceived by the user and will adversely impact the user’s
experience. Most vendors of codecs assess the average delay incurred by
the processing of the video and introduce a similar delay to the audio
channel in order to maintain the synchronization between the image and
the sound—to maintain lip synchronization.

The value of lip synchronization has been established in tasks that
required “speechreading,” tasks where it takes a real effort to make sense of
the speech, typically because of some background noise (Ostherg, Lind.

strém, & Renail 1989 Smeele & Sittig, 1991) We have less 1nf0rmat10n on
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TABLE 3.1
S0 Audio and Video Standards

CCITT  International Telegraph and Telephone Consubtative Committee {old name for
the ITU-T}
CIF ITU-T common intermediate format; H.261 standard for displays of video: 288
tines x 352 pixels
CELT? Code-excited linear prediction; used for low bit rate (4-16 kbps coders)
Gl 64 kbps, 3kHz audio
G.722 64 kbps, 7kHz audio
G.728 16 kbps, 3kHz audio
H.221 Frame structure for audiovisual services
-11.242 Establishing communications between audiovisual terminats
H.261 Video codecs for audiovisual services at P x 64 kbps
HDTV  High-definition television
ISDN Integrated services digital network: a set of standards for digital
communications on the local loop and for long haul; provides for two
B-channels of 64 kbps cach, and one data (signaling) channel of 16 kbps in
the local or BRI (basic rate interface); provides for 23 B channels and 1
64-kbps data channel on the long haul or PRI {primary rate interface)
ITUT  Internationat Telecommunications Union Technical standards commitice,
formerly known as the CCITT; a committee of the ITU, which has some
inieruational treaty powers, it sets telecommunications woridwide
MPEG  Motion Picture Experts Group
NTSC National Television Systems Committee: collection of standards for broadcast TV
Px 64 Another name for the H-s¢ries standards where P is an integer value and 64
stands for 64 kbps

PAL Phase-alternating line: broadcast TV standards used in Europe and other parts
of the world

QCIF ITU-T quarter common intermediate format: H.261 standard for display of
video, 144 lines x 176 pixels

X.25 Packet switching protocol

how much of a gap would adversely affect users’ performance in a normal
conversation, or their perception of the quality of the connection, We do
know that given our expectation from the video connection, a complete
disregard for lip synchronization has a negative impact. However, some
researchers have argued that lip synchronization should be abandoned
altogether, because users are more frustrated with the audio delay than with
the absence of lip synchronization (Tang & Isaacs, 1992).

Audio transmission delay is known to have an adverse effect on perform-
ance as well (Brady, 1971; Kitawaki, Kurita, & Ttoh, 1991; Krauss & Bricker,
1967; Wolf, 1982). People who expeuem e the delay often are not aware of
it. They experience it generally as “confusion.” In some cases they may
attribute the problem to the other party in the conversation (Brady, 1971;
Kitawaki et al., 1991). Each speaker may expericnce himsclf or herself as
quick to respond, whereas the other party seems to take a long time to
respond.
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Coordination of conversation relies on very refined timing by the par-
ticipants. Speakers effectively regulate the Aow of the conversation by tim-
ing their contribution to fall within a fraction of a second after the current
speaker’s contribution is over, sometimes even creating a slight overlap,

The presence of delay is detrimental to this process. It can be illustrated
with an assumed delay of 300 msec in each direction. Let us say that John
approachcs the end of his contribution, and expects a quick response.
Jane hears john with a delay of 360 msec, and times the beginning of her
contribution to overlap with what she expects to be the end of John’s
utterance. However, Jane’s contribution is heard by John 300 msec later—
that is, a full 600 msec after John terminated his utterance. This is long
enough for John to notice that fane is not responding as expected, and
to start another sentence. Of course, the new sentence will be quickly
overlapped by Jane’s response. Now it is no longer clear who “has the
floor” and the result is a breakdown in the communication.

When enough breakdowns take place, people adjust to the situation by
resorting to a more formal way of communication with fewer interruptions.
Indeed, when observing the style of interaction of participants in videocon-

nal nattern of interaction emerced w e o] 1din Aalayr
ferences, a more formal pattern of interaction emerged when an audio delay

was present (Isaacs & Tang, 1993, 1994; O’Conaill et al., 1993). This pattern
was not as evident when the audio was not delayed (O’Conaill et al.,, 1993).

Video Messaging. There is another way around the limited-bandwidth
problem. We have only talked about real-time, two-way video in which both
parties are seeing and bemg seen at the same time. Often it is more
convenient, or more €conoinical, o provide asynchronous communication
in the form of video mail. Like voice mail, one party records a presentation
and sends it to another, for later viewing. With video mail, one can transmit
the video more slowly than it will be seen, reducing the need for high-
bandwidth transmission lines. At the same time, there is an additional
need for large amounts of storage. A convenient rule of thumb is that one
frame of an uncompressed VGA-quality image will require about one mega-
byte of storage. Or the same megabyte can be used for about 1 min of
compressed [SDN-quality images and video. Either way, hard disks can fill
up quickly with video data.

There are a number of choices when it comes to transmitting the image. It
can be sent on analog lines or digital lines, over a wired or wireless connection,
over frivale lineor public switched facilities. Regardless of the transport chosen,
the major technical issue is the bandwidth of the transmission line, that is,
how much information can be economically sent down the channel per
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FIG. 3.1. Relationships betweenr bandwidth, transmission medium, and
types of VMC,

second. Figure 3.1 provides an overview of the transmission rates needed to
support various video applications and the communication services that
offer these transmission rates.

Analog transmission is cheap and ubiquitous. However, sending the
images in digital form is much more efficient, allows for error free trans-
mission, and it is easicr to store and manipulate the images. The Picture-
Phone of the 1970s used a 1-MHz analog signal. In the network the signal
was digitized and transmitted as a T2 signal at about 6.3 Mbps, equivalent
to 96 voice calls.” In contrast, today’s videotelephones use the same room
on the network as one or two voice calls.

What about going wireless? Broadcast TV is video and it is wireless.
However, TV requires a large amount of bandwidth. One TV station takes
up 6 MHz of the FCCregulated, fiercely contested airwaves, the equivalent
of approximately 90 Mbps of digital traffic or 1,300 voice calls. It is also
not two-way. Other important wireless technologies are satellites and cel-
lular. Using satellites for person-to-person transmission is not recommended
for two reasons. First, the 50,000-mile round trip adds unacceptable delay
to video communications. Second, although the down-link receivers are
cheap, the uplink transmitters are not. Finally, cellular frequencies are
too much in demand (and too expensive) for video. Nevertheless, the
transmission of color still images over wireless links is now being perfected
in the lab. Qur conclusion: Multimedia communications will remain wired

Lo elen

PN
IOF in¢ ne€ar ruture.
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POTS. POTS is the analog public telephone service provided to nearly
all homes in the United States. A personal computer or videotelephone
hooked up to a common modem® on a POTS line can currently transmit
somewhere between 2400 and 28,800 bps, This data rate is going up every
few years. The advantage of a POTS connection is that telephone lines
are literally everywhere and they are cheap to use. The disadvantage of
POTS is that, because it was designed 100 years ago to cany voice, it has

difficulty supporting the high daia rates needed for video.

ISDN, HDSL, and ADSL. To go beyond the hit rates that modems pro-
vide there are special types of commercially available digital telephone
lines, called ISDN, a local access service that comes in multiples of 64 kbps
channels. The most common variety for the home and office is called basic
rate ISDN (BRI). BRI provides two channels of 64 kbps each, for a total
throughput of 128 kbps.

An advantage of ISDN is that it works on (most of) the local telephone
lines out there today, although it requires special equipment at both ends
of the line. It also an international standard, The number of ISDN lines
being installed by businesscs is growing rapidly, although the home market
is lagging far behind.

In ISDN, all traffic remains digital from one end to the other. Because of
this, more of the bandwidth on the telephone line can be used. Experimental
digital services called asymmetrical and half duplex subscriber loops (ADSL and
HDSL)} can push the humble copper telephone line to 1.5 Mbps (million
bits per second) if one-way or 384 kbps if two-way.

LANs, WAN (Wide Area Network), and Private Line Service. If all you need
to do is get video calls from one employee to another within a building,
a LAN carrying 10 Mbps or more may be sufficient. Unfortunately, video
conferencing requires a dedicated virtual circuit between the two parties
on the LAN. LANs were not designed for time-critical electronic traffic.
When you are sending an e-mail message, it is acceptable if things are a
little slow because of heavy I.AN traffic. However, a phone conversation is
different. You want your words to reach the other end as soon as you say
them, not a second or two later.

New technologies, such as isochronous Ethernet, FDDI ( fiber-distributed data
inderface, a standard for high-speed LAN traffic), and ATM {asynchronous
transport mode, a standard for high-speed packet networks) are more prom-
ising, although they are fairly expensive. The network interface cards and
hub ports on these “video-enabled” LANs are pricey—between $500 and
$2,500 per user. An ATM connection at 600 Mbps, servicing an entire
building, costs upward of $30,000 per month.
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In order to get from the LAN 10 a remote location, a service like basic
rate ISDN (128 kbps) or primary rate ISDN (1.5 Mbps) must be used.
With a significant amount of video traffic, leased lines can be purchased
(for example, T1 circuits at 1.544 Mbps, or fractional T1 service for private
point-topoint connections). These private line facilities are offered by
large telecommunications companies, but are expensive. This is the solu-
tion for companies that wish to link only a few sites with high-quality video.
Because of the higher cost of private line service {2 T1 line is approximately
$15,000 a month), there has been a dramatic growth of switched digital
services. These are purchased only when needed at a per minute charge,
much like a long-distance voice call.

Internet. The Internet represents a new technology for carrying video
transmissions. It has not taken the vanguard long (o exploit it. An inter-
esting software solution, developed at Cornell University, is CU-SeeMe,
which provides a one-to-many connection, delivering audio and video from
one “speaking” participant to a multitude of listeners. Although it does
not deliver truly two-way communication, it may be the harbinger of things
to come. Another 1nnrmrh was taken hv Annle Commbuter company. Spe-
cial Quicktime software and a $100 camera and microphone combination
makes the desktop computer an endpoint on an Internet video conference.
Software for other PCs and workstations also exists. The picture and voice
are not what we are used to on a typical circuitswitched connection, but
we can perhaps expect dramatic improvements in the coming years.

CATV. Cable television

O

7 alveed Fesr fcommunity
1Y, snort 1or Tcommunit

antenna television.” It delivers television programming to 60% of the housc-
holds in America and is yet another architecture for supporting video
communications. CATV today is in some ways more like a LAN than POTS
service, in that each subscriber does not have a dedicated line. In another
way it is more like POTS service than ISDN: It is (in most places) analog.
And it is like neither in that it is one-way, or radically asymmetrical, with
all or almost afl of the bandwidth dedicated to the downstream (into the
home} traffic.

To support video calling, the infrastructure would need to be upgraded
with digital facilities that can handle more channels and two-way traffic.
Prononents of a CATV infrastructure to support video calling generally
agree on a basic architecture that includes r,hree components;

» A set-top box in the home to connect TVs, computers, and telephones
to the cable.

* A fiber-coax access network consisting of coaxial cables to neighborhood
hubs, and then fiber to the cable head end.
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* SONET (synchronous optical network) optical fiber multiplexors and
RF modems to connect the access network to the SONET ATM backbone
nelwork operating at gigabits speeds.

For interoperability, the cable head end would also need to be connected
with the public switched network via high-bandwidth facilities. Contention
schemes need to be worked out so that thousands of people could use the
same cable lines. Fortunately, this development is happening today as cable
companies upgrade their facilities with fiber optical cables.

Display

When the information, in the form of bits, arrives at the destination, it
must be converted back into images and sound. Once again, but in reverse
order, you need the proper network interface, a device for decoding the
bits, and a device for displaying the image and playing the sound. If the
network mterface and the decoder do not follow the same standards as

id the sende
did the sender”

(11011 PXUDICIII], L[IC VlClCO Call

fails.

Display Size. In videotelephones, small displays are necessary due to
cost and/or portability factors; they also may enhance the perceived video
quality. Computer-based video displays are also small, limited by what can
be presented inside a computer monitor, and often shared with other
windows in a graphical user interface. Videoconferencing systems often
have larger displays, usually larger television screen sizes. Yet it is possible
to provide a life-size display of a whole person or a whole conference table,
using, for example, projection screen technology (e.g., Okada, Maeda,
Ichikawaa, & Matsushita, 1994).

There are certainly advantages to a small display. Small displays allow

a device to be portable. The video picture may have to share real estate
on a computer screen. Small displays also make lower resolution images
look better. However, users show a preference for large displays up to the
point where the image is lifesize (Inoue, Yoroizawa, & Okubo, 1984).
Why might this be so? A large or life-size display may provide a feeling
of wirtual presence, an “instinctive” feeling that the remote participants are
physically present in the room. Prussog, Mithlbach, and Bécker (1994)
used a display that provided a lifesize full-body image, with surrounding,
and reported that users’ subjective impressions of actually being in the
sdame room were remarkable. Is there anything to be gamed from increasing
the display size even further? There may be. Ci nd virtual reality
techmquea have shown that displays that cover a viewer’s s peripheral vision
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provide a qualitatively more intense, “virtually real” experience (users will
have. less opportunity to notice the borders of the display; Pausch, 1993).

Despite possible advantage of size, video display sophistication must
have limits due to cost and bandwidth. A trade-off is required to be practical
but also to preserve what may be the advantages of having video in the
first place, increasing the sense of personal participation (Blanchard &
Angiollilo, 1994: Pye & Williams, 1977; Williams, 1977).

Video hnage Attributes. Compression is the foremost method for reduc-
ing the amount of video data that needs to be transmitted. Reduction of
the data size is achieved by setting the resolution of each picture (or frame)
and the frame rate of the display to values that, although less than optimal,
are acceptable for the user and the task.

One can achieve a reduction in the amount of data that needs to be
transmitted by reducing the number of pixels per square inch, or the resolu-
tign of the image. The TTU-T H-series standards specify a few acceptable
resolutions, including CIF (common intermediate format, 288 x 352 pixels,
and QCIF (quarter common intermediate format, 144 x 176 pixels). For

comparison, the SVGA standard for computers is approximately 800 x 600
pixels, and the NTSC standard for TVs is 480 x 440 pixels. Reducing the number
of pixels can give the image a grainy quality, like a cheap newspaper photo.

One can also reduce the number of frames per second (fps; the frame rate).
The movie industry standard is 24 unique fps, with each frame showing
twice for an equivalent frame rate of 48 fps. The existing practice in
ISDN-based systems is to maintain about 10 fps, which provides the viewer
a jerky picture, but this is sufficient if there is little motion in the picture.
In the extreme, VMC could use still images that are transmitted whenever
the user presses a button. Operating at 9.6 kbps, stillimage videophones
send a high-resolution image in 10 sec to 120 sec, depending on the
complexity of the image. Frame rate, image size, and resolution can all be
traded off, and most of the standards allow for this.

Local Views. Many systems will have more than one local image source,
only some of which may be transmitted, and any of which may be viewed
on the output screen. Control of these various views quickly becomes a
usability problem: It must be obvious to users that, for any image on their
screen, they know what image they are looking at, where that image is
coming from, and what other conferees on the video link are viewing. The
latter is more significant than may appear at first pass. Potential privacy
concerns appear when users do not know when they are transmitting their
picture. Usability studies at AT & T Bell Laboratories indicated that when
users can see themselves on their screens, many have the intuitive impres-
sion that no one else can see them, even when on-screen messages are
provided.
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An additional caution is required with local views: Views of people must
he mirrored, whereas v

rorine of an imace mav
roring of an image may

be simple or may pose some challenges depending on system architecture,
but users will have great difficulty with a nonmirror image of themselves,
as they must relearn firmly established eye-body coordination habits.

Eye Contact and Gaze Awareness. Gaze direction plays a number of roles
in conversation. Eye contact is necessary for starting conversations, greet-
ing, and reinforcing during conversation. But people spend most of the
time looking at their environment, at the gestures and positions of others,
and sending signals by mutual gazes and facial expressions (Argyle, 1972),
Gaze awareness communicates liking, status, emotions, attitude, and truth-
fulness (Cook & Lalljee, 1972).

To truly preserve eye contact in a video system, the participant must
look directly into the camera, but because the person must also be looking
at the video image of the other person, or at a computer screen, eye
contact must be compromised. The most typical compromise, both in
computers and videotelephone and conferencing devices, is to place the
users’ camera above the screen. This causes people to appear to be casting
eyes their eyes downward—but this is better than other positions, as people
appear suppliant when they gaze upward and deceitful when they gaze
sideways (Kenyon, White, & Ried, 1985). There have been several novel
solutions to preserving eye contact: The ClearBoard project (Ishii & Ko-
bayashi, 1992; Ishii, Kobayashi, & Grudin, 1992) superimposed video of
the other pdrhmpam on a common whiteboard, while a camera preserved
eye contact using halfsilvered mirrors, and the MAJIC systern (Okada et
aJ 1994) solved the problem using fuIl -size video i mmges

Technical constraints that limit users’ gaze awareness and eye contact
contribute to the inability of video to fully convey nonverbal signals, and,
again, are one of the causes for a surprising weakness of video to provide
value to teleconfcrcucing (Williams, 1977; Pye & Williams, 1977; Blanchard

2. 1004y
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Sound Quality. The issues for sound are the same as those for video.
Sound sampled at 44.1 kHz with 16-bit resolution (so-called “CD quality”)
requires over 700 kbps. The quality of voice on the long-distance network,
so-called toll-quality speech, does not require the same fidelity. It is sampled
at 8 kHz with 8-bit resolution, which is then transmitted at 64 kbps. By
reducing either the sampling rate or the resolution and then compressing
the data (taking out the redundancy), we can reduce the required band-
width to 16 kbps, or even less for POTS video calls. The AT & T Videophone
2500 uses a CELP (code-excited linear predictions) algorithm for com-

an\\n\Lr sound 1o 6.8 ]zhnc ISDN nprcnnq] videos systems generally follow
1Z S TSCna: VIGEs systerr 1E€T3LUY (OLOW

15 gerT
the ITU (Intermational Telecommumcanons Union) G.711 (64 kbps, 3
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kHz audio) or the G.728 (16 kbps, 3 kHz audio) standard. However, you
should not trade off sound quality for a better picture, Ample research
has shown that users are not willing to sacrifice good sound quality in
order-to get a picture.

The Iéwer limit of acceptable audio was long ago determined in the initial
design of the telephone network, and was standardized as 200 Hz to 3,200
Hz. This range may not be good enough for music, but enough of the voice
information is passed to be quite intelligible. At the very least, telephone
quality bandwidth is something with which users are intimately familiar. If
quality is reduced from the public telephone network standard by limiting
bandwidth and applying compression techniques, not only is the intelligibil-
ity of speech at risk, but users may lose the ability to identify the speaker:
Friends, relatives, and associates just don't “sound like themselves.”

There may be an advantage to moving in the other direction: increasing
the bandwidth and quality beyond public telephone network level. High-
fidelity or 7kHz audio passes frequencies from 50 to 7,000 Hz. Another
direction is to provide multichannel audio, such as stereo.

Multipoint VMC. In the work environment most meetings involve more
than two people. Some systems are explicitly designed for a meeting in
which there are several people in the room, but are stll restricted to
point-lo-point connection (i.e., only two locations). However, a large pro-
portion of the meetings require the presence of participants from more
than two locations—hence the need for technological support for a mul-
tipoint connection. Network topology that requires each node to have a
tull connection to every other node on the connection is impractical, and
thus the connection is done through a multipoint control unit (MCU).

The solution for muitipoint connection over the audio channel has
evolved over the years. An audio bridge receives input from every endpoint
and uses a sophisticated algorithm to detect which of the endpoints are
talking and which ones are listening. A subset of the points is selected,
the audio level for these points is adjusted, and a summation of all audio
signals is sent to all the points on the conference.

The video channel presents a challenge—summation of audio is far
easier than summation of video. Two basic solutions were developed. In
the split-screen solution, multiple “windows” present the visual images that
come from the various poinis. In the swiiching solution, a single image is
selected at any given moment and transmitted to each participating end-
point.

In principle the MCU could transmit the images from each point to
every other peoint and let the end-user device determine what images to
present. In practice, the current cost of bandwidth dictates that the bridge
must transmit a single image, be it a composite image that the bridge
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created or a single selected channel. Thus, for most systems, the choice
of splitscreen or switching is implemented in the video bridge.

Switching can be done manually. Typically this is done by one party to
the conversation that is designated as the “chair.” Among the drawbacks
of a chair control is that one party has to dedicate quite a lot of attention
to the switching of the signals, and often has to choose between partici-
pation and performance of this duty. The other is that other participants
may not be content with the decisions made by the chair.

An alternative approach to swilching is to do it automatically. Usually this
is done through veice-activated switching. An algorithm makes use of the
changes in audio signals from the various points to determine who is the
current speaker. All endpoints are then presented with the video signal that
this point is transmitting, and the speaker typically sees the image of the
speaker that preceded him or her. An interesting side effect of this algorithm
is that sometimes the last speaker is entirely unaware that his or her image
is still being seen by one other party, that is, the current speaker.

Other variations of switching may combine the broadcasting of a single
source, designated as the “broadcaster,” to all other endpoints. Meanwhile,
the broadcaster receives the video image of other endpoints either based
on voice-activated switching or based on some random scanning algorithm.
This is appropriate [or a lecture style presentation where all locations see
the main speaker, and the speaker can view the points that have questions
or comments to make, or simply scan to see the reaction of the audience.

In the spliescreen alternative, the video bridge composes a single image
from the multiple images, and sends this image to all participants. The
st common example 1s the quadrature screen, which integrates images
from up to four other endpoints. When the number of parties is not
greater than five, this technique allows each point to view each other point.

An advantage of the split screen is that it provides a sense of social
presence. Participants do not appear and disappear from view: They are
presented at all times, whether they are speaking or listening. One obvious
drawback of such a solution is in the reduction of “screen real estate” thatis
dedicated for each one of the images, further reducing the ability to.discern
body gestures or subtle changes in facial expressions. And if one of these
views is local and the rest are remote, a challenging control situation is
created if mirror imaging is used for local view and not for remote views.

CONCLUSION

In order to understand the future one must know the past. We open our
conclusion with a brief history of commercial vid e unicati

and follow with future directions.
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A Brief History of Commercial Video Telecommunication

The origins of video telecommunications can be traced back over 65 years
to a most historic, one-way full-motion video call in 1927 from then Sec-
retary of ‘Commerce Herbert Hoover in Washington, DC, to AT & T ex-
ecutives in New York City (Dorros, 1969; Mainzer, 1984). The frame rate
was 18 fps. This Lerhno!ogy became the foundation of commercial televi-

510]1 llldl wds Illbl. nir UUULLU ll] Dllui 11111 LJSU a0ine Ul lllC llUl/d.UlC evenis
along this evolutionary path include the failed commercial introduction
of PicturePhone video telephone service in 1970 by the former Bell System
" in the United States. In 1985 ISDN was introduced and codecs were de-
veloped that produced acceptable video quality at 128 kbps. In 1991 the
former CCITT (now ITU-T) approved the P x 64 standards for video
coding, which opened the market for video telecommunications signifi-
cantly. Also in 1992, AT & T introduced the VideoPhone 2500, which
worked with regular analog telephone lines, had a 3-inch screen, and
transmitted at 1 to 10 frames per second. Many video telecommunications
vendors have entered the markets and some are making significant profits.

Amoneg the more successful equinment nroviders are PiciureTel and CID
Among Uie More successiti equ 'nu\du Proviaers are Dlurelel anc Lid,

especially in the area of group video systems including “roll-abouts.”

Future Directions

One can distinguish among three periods in the progress of VMC tech-
nology. The early period, from the 1920s to the 1960s, saw both success
and failures. Twosway video communication, which was the original direc-
tion pursued by inventors, failed. One-way video communication, which
gave birth to broadcast television, was a great commercial success that
shaped the world as we see it. The 1980s were characterized by the suc-
cessful, although limited, emergence of group videoconferencing, along
with a renewed research interest in the topic as part of the growing field
of computersupported collaborative work (CSCW). This chapter is writien
in the midst of the third period, dominated by the promise of integration
of the near-ubiquitous personal computer, the telephone, and video com-
ponents in a powerful multimedia connection that allows a far richer form
of interaction and collaboration. Is this third period going to be a success
story? Ultimately the question regarding the value of VMC will be answered
e marketplace.

NSA@ we witness the exponential growth of traffic and innovation in the
Imcr{iﬁ\v we have to pay close attention to the emerging use of the net
E}me audio and video communications. The MBone, short for

%% #ef&mhkmﬁ.% backbone, is a virtual network that supports muiticast of real-time

v video across the Internet Multicast nrovides one-tomany and
uuuxucz(;fyu VIGEC acress tne intemetl. Manhcast provices one-lo-many ang

manyg many network delivery services. Although frame rate is limited,
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the MBone supports VMC over 2 network connection that is typically rather
inexpensive to the end user. Although audio quality at the time of writing
may be reminiscent of a bygone era, and speakers may have to resort to
taking turns speaking, this is a key technology to watch because it may
deliver on the promise of a truly inexpensive transmission infrastructure.
VMC may initially appear close to periodical transmission of still images,
but the next few years may present some innovations that are beyond what

we can envision at the nregent

vision at the present.

Usually “incremental” innovation in technology can be adopted by a
single user. One can make a decision to purchase a cordless phone, and
find it useful even when the rest of the world does not. This is not the
case for VMC; having a single VMC device has no value if you have nobody
to communicate with. In order to be useful, it is essential that a critical
mass of users use this technology and that the devices manufactured by
all vendors can communicate with each other. Will there be a critical mass
of users to make VMC a common technology? There are some reasons to
believe the time for this technology may be near:

1

Some penetration has already been established, mostly in support of
group videoconferencing. In 1995 there are tens of thousands of
video endpoints worldwide that can communicate with each other.
2, International video coding standards (P x 64) now allow different
types of vendor equipment to work together.

. The price/performance ratio for the underlying technologies keeps
improving, with great improvements in the camenras, proc
and flat-panel displays.

09

55018, codecs,

4. Broad bandwidth is more readily available and cheaper. It is getting
easier to obtain ISDN service, as well as switched 56 kbps and 384
kbps, from a local carrier. The introduction over the next few years
of broadband networks, such as ATM, will bring about far greater
bandwidth at prices that arc more affordable for many businesses.

/ideo compression technology is more advanced and significantly
improved, offering a significantly better image and sound quality.

6. People are getting more comfortable with being on camera as a result

of the extensive use of camcorder and VCR machines.
. Saving the cost, the time, and the inconvenience of undesirable travel

[+

~I

is more important as today’s businesses operate in a global economy.

NOTES :

1. Integrated Services Digital Network.
2. (‘n:rlv ves, but we should all appreciat

E

000, By the mid-1980s the price had dropped to $75, ). Ioday

the dramatic dron in price of these davi

first roders cost §
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they are a few hundred dollars. If there were a single reason why visual communications

" is feasible today, it would be the affordability of these coding/decoding drones.

hiternationai Telecommunications Union Technical Standards, formeriy known as CCITT,

an international body for developing engineering standards for communications networks.

4. The bandwidth requirements were eventually reduced to 1.544 Mbps, or 24 voice calls.

. A modem modulates the digiaal picture information, encoded as a string of s and 1s,
onto an analog signal and then sends it down the wire. A modem on the other end of
the line must turn the analog signal back into the original 0s and ls to reconstruct the
picture as best as it can,

o

o
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Chapter 4

Making Sense of the Findings:
, Common Vocabulary Leads

to the Synthesis Necessary

: for Theory Building
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We present a framework for variables that are thought to influence the behavior
of groups werking with various types of technologies, either face-to-face or remote,
real-time or asynchronously, The framework wrges vesearchers to describe in_full
the features of the group members and their velations, the particulars of the
situation, the technology support, and the task, as well as the dependent vari-
ables heving to de with the group process measuwred and the outcome. Only
when we have all variables described can we sort out the factors that indeed
influence group work. Only when we have clear pictures of these influences
will we be able to build a theory of compuier supported cooperative work. In
this chapter we present the framework, then illusirate its usgfulness by reviewing
the other chaplers in this book. This review illustrates four benefits: It poinis
to clear clusters of chapters, shows where effects are underiested, helps sort out
aftharent contradictions, and peints out consistent vesults ready for theory
building.

The chapters in this book represent various answers to the question: Does
the addition of video to a communication path improve peaple’s remote
work? The answer, understandably, is that it depends. Each chapter exam-
ines a situation in which people who do or do not know each other are
asked to do a task in a controlled laboratory setting or their own work in
their workplace, using various modes of communicating with each other.
In some cases the communication channel is delayed; in others it is nog
o the video is large or smail; audio is monaural or slereo; and so on. Fur-
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thermore, some groups have other technologies available to them, such
~'as’a shared work object.

It is no surprise that the results are complex and occasionally appear
to conflict. Review and synthesis of all these results is difficult. Some of
the difficulty stems from the fact that we have no common vocabulary, no
way of ‘describing in detail all the potentially important aspects of the
situation. Without the common vocabulary we cannot build a theory that
links cause and effect. What kind of group doing what kind of task in
which situation will benefit from what sorts of video connections? The
purpose of this chapter is to offer such a vocabulary and to organize the
individual factors into a simplifying framework.

The framework we present here includes specific features of the group
members and their relationships, the particulars of the situation, technol-
ogy support, and the task. Furthermore, in doing empirical studies, we
measure different things. Various studies measure the process of working,
task outcome (like quality of the product), group outcome (like satisfac-
tion), and organizational outcomes (like employee retention).

We borrow many of the group and situation factors from the framework
presented by Kraemer and Pinsonneault (1990). Because their focus was
on group decision support system (GDSS) and we wish to cover that plus
video-mediated communication (VMC), we extend their technology de-
scriptors in a major way. We include, as they do, group, task, and situation
factors, as well as process and outcome measures.

It would be foolish to claim that the framework we present here is
complete, covering all there is to know about the behavior of small groups.
Tomes have been written on this topic (e.g., Forsyth, 1990; McGrath, 1984;
Shaw, 1981; Sieiner, 1972, 1976). Rather, we focus on those factors that
are likely to be important in the assessment of real-time video communi-
cation channels, primarily for real-time distance work and asynchronous
work whether at a distance or collocated,

The body of the chapter presents the framework, listing the key variables
that researchers should describe in their reports so that comparisons and
syntheses are possible. To show the usefulness of this framework, we end
this chapter by using it to describe some of the other chapters in this
book. There are four points that emerge in this analysis:

1. Chapters in this book dluster into sets of covariables—particular niches.
The framework helps identify these niches,

2. Of the large sel of situations in which groups work, most of our
collective research has explored only a small fraction. We use the
framework to point to new situations in which technology in general,
and video in particular, could help.

3. There are some apparent contradictions in the empirical literature.
Close examination of these results shows that the situations in which
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the tests were made could have differed in important ways. The
framework’s vocabulary points to those aspects in the situations that
may explain these apparent contradictions.

4. As findings stabilize and relationships are drawn, we can build a theory
about the ways in which various types of technology affect group
work.

THE FRAMEWORK

Our framework is similar in style to that of Kraemer and Pinsonneault
(1990}, in that it divides the context variables into classes having to do
with the group members and their relationships, the sitwation, the tech-
nology, and the task. We modify the contents of the first two categories,
groups and situations, and greatly expand the latter two categories, tech-
nology and task.

Some variables one might expect, like size of the group, are missing.
This is intentional. We are looking for those key constructs that shed light
on why certain things happen. When the size of the group increases, a
number of other variables change concurrently: the homogeneity of abili-
ties, the mix of status or power, and the probability that someone will
assume leadership. By describing these process-oriented variables, which
can vary independently in other situations, one can account for effects
that are attributed to the single variable, size of group.

Characteristics of the Group

Characteristics of the group include individual characteristics, group com-
position, organizational factors, and particulars of the moment, Our list
of important group characteristics is a synthesis of a number of frameworks
generated in the field of social psychology. Books by Shaw (1981) and
McGrath (1984) and papers by Hackman (1987) and Morgan and Lassiter
(1992) provide a lot of detail about what factors in both the individual
group members and the interactive effects of group compositions affect
group process and outcome.

Individual Characteristics, Skill, ability, and knowledge are resources the
individual brings to bear in a group task. Some enduring aspects of people’s
personality determine, among other things, the amount of effort the person
will expend in a setting. This in turn can determine how much tolerance
they have for communication tools that are not as easy as talking face-to-
face. We add the characteristic of enduring motivations and agendas to reflect
the goals the person may bring to the situation that are not related to the
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stated task at hand. For example, we have seen people show up at meetings

" only to have “face time,” to be visible to their peers and manager, thinking

this would lead to more favorable future performance reviews. Also, we
have seen people whose agenda was to avoid taking on any new tasks,
commipnly called “lying low.” Biographical characteristics, such as age,
gender, and experience, are captured by these constructs.

..... o I Y (VNIRRT TSR ST S

u:uu-p LOmPposStio. uupu]m 1t characteristics include hor jasleseiss
ahilities, knowledge of others’ abilities, knowledge, motivation, fit of per-
sonalities, cohesiveness and trust, communication structure (connections,
availability), and homogeneity of status, roles, and power. Most of these
variables are self-explanatory. However, one of the key constructs in this
list that has clear importance for the assessment of VMC is the knowledge
of the others’ abilities, knowledge, and motivation. Gabarro (1990) re-
ported, for example, that mature, stable groups can use alternate modes
of communication to convey the same message because they have a shared
repertoire of meaning and ways of expressing those meanings. Thus, a
group that knows each other well may not benefit from video as much as

less well-established groups. For them, e-mail may do as well as video.

Similarty, Gabarro noted that this familiarity may support the group's ability
to be spontaneous and informal in their exchange, because they have
shared meanings that can be quickly, efficiently picked up.

Aspects of the group’s normal communication structure can also affect
the nature of work and the case with which it can be conducted remotely
or asvnchronously Some heterogeneous groups communicate via a “lme

of renorting” structure frn the manager of a group before ‘J\_“ disge
eporang chu the manag /ro

nated to the members of that manager’s group) Others commumcate
dllectly, person o person legarlil(‘:bb of organizational lines, sometimes
keeping the manager informed of major issues. Various technologies fit
these various communication structures or not, Also, the effectiveness of
all these communication modes can be severely affected, either positively
or negatively, if the varicus parties are often unavailable. For example,
e-mail, Lotus Notes, and calendars would serve a nomadic group member,
whereas desktop video may not.

Orgum,.atumal Factors. These include reward structure, work norms

(participation, individual ='e“p“nsih.hty) and organizational routines. Note

that the effectiveness of various technologies has been shown to be de-
pendent not only on the individuals or group composition, but also on
the organization’s reward structure {Orlikowski, 1992). For example, an
organization that rewards individuals on their personal accomplishments,
in competition with others, will not easily take to Lotus Notes where the
expectation is that one will share what one knows.
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Farticulars of the Moment. Here we consider differences in contextual
time, and momentary attitudes or motivations. Interestingly, the one vari-
able about distance work that technology cannot overcome is time. Here,
time refers to contextual time, such as when in the day the interaction
occurs {(early morning for those in Hong Kong is early evening for those
in Ann Arbor, both participating in a video-based distance learning expe-
rience). Furthermore, holidays, celcbrations, moods, and weather affect
the local participant in ways that may be opaque to the distant group
member. We participated in a videoconference between London and Chi-
cago on a day when Chicago had a major snowstorm, which was of course
invisible to the London participants. On another occasion we were in an
audioconference between Ann Arbor and Rotterdam on the day that the
Netherlands celebrated the 50th anniversary of its fiberation from Nazi
Germany. The loss of such local context among group members can be
quite jarring to the participants, and of course often exacerbates cultural
differences that characterize global work (O’Hara-Devereaux & Johansen,
1994).

the Technology

We can see that as technologies to support the conversation, and tech-
nologies to support the work object. Technology to support group work
today is increasingly varied. Kraemer and Pinsonneault reviewed the effec-
tiveness of group decision support systems, but our goal is to cover a2 much
wider range of Lcchnologles F urthermme we wish to describe the tech-
nﬁlﬁg‘cw it cuuusu detail to understand the differences in their effective-
ness with different groups and different tasks.

We separate here technologies that support interpersonal communica-
tion from those thal support the shared work object. This is an important
distinction. People codevelop work products, like proposals, white papers,
budgets, and so on. In today’s world of distributed group members, these
products are often faxed, sent by FTP (file transfer protocol) or e-mail
attachments, or stored on a shared file server so others can retrieve them.
In addition, the group will converse about those objects, using face-toface
meetings, e-mail, voice mail, and discussion databases. The features that

groups need in these technologies differ, and thus are separated in our
fray

Technologies to Support the Conversation. Factors considered here are
what is visible {video clarity, field of view), what is audible {audio clarity,
e.g., feedback and echo; spatial sense, c.g., stereco vs. mono), delay (between
the audio and video channels; of the message, by milliseconds; of the
message, by minutes to days), and control over what is sent and received,
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in terms of passive or active initiation of conversation, ability to signal
“whether you wish to be contacted, and control over the channel charac-
teristics, Other factors are support for linking the conversation to the work
objects, reciprocity (homogeneity of channels), the ability to review and
revise messages, correspondence of the sent and received sequencing of
messages, anonymily of message, access (how hard it is to schedule the
channel), cost of the channel relative to other channels, and support for
coordination. The kst of factors blends those from Fussell and Benimoff
(1995) and Clark and Brennan (1991) and is augmented by a review of
the various types of communication channels explored in this book.
Most of the items in this list are selfexplanatory, with variants explored
in the papers in this book. Clearly, what is visiblg, and in particular the field
of view, is important both to the conduct of the discussion, but also for
helping the participants understand the context of the remote participant.
We know from the field of proxemics (Hall, 1966) that angle of regard,
eye contact, and physical distance all impact the conduct of a discussion.
These important factors are often overlooked in the display of people on

vndeoconferencmg—we see talking heads, full frontal, and sometimes with
1gles that hide the eve Pn:lhnn all of which dmrnnt the turn-

taking andﬁposmbly the participants’ attitudes and motivations.

Delay manifests itself in these situations in a variety of important ways.
Any delay (longer than 200 msec) to the audio channel disrupts conver-
sation (Fussell & Benimoff, 1995). This suggests that when technology
dictates a delay for video, it is better to decouple the audio and video
channels and keep the andio delay very short.

The

is a separate effect of delays longer than a second or two. Natural
conversation builds on the fact that the participants share common grouned
(Clark & Brennan, 1991). We commonly use deixis to refer to things pre-
sumed to be in all participants’ recent memory, and understand where we
are in the flow of a conversation. When we move to asynchronous com-
munication, we lose the thread of the conversational sequence and, because
of memory loss, lose the ability 1o refer to things efficiently.

In addition, remote communication often disrupts the conversants’ abili-
ties to use a shared physical referent (Bekker, 1995). That is, if one’s hand
gesture points to a place, that place may not have the same meaning to
the remote participant. What one sees is usually not what the other sees.
Some systems have “telepointers” to transmit pointing gestures on a shared
object, allowing the recipient to disambiguate referents. But telepointers
are very impoverished media for all of what is available in shared physical
space.

Lotus Notes allows shared documents and conversation databases, but
does not support the linking of the two to enable comments to appear
near the point of reference. PrepEditor (Neuwirth, Kaufer, Chandhok, &

.

R R
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Morris, 1990}, a prototype shared editor, puts comments on text next to
the areas they refer to, making it easier both to produce the comments
and to understand them later. ‘

Reciprocity and homogeneity of channels are related, referring to the
ability of the group members to interact on equal footing. Reciprocity
refers to similarity of the channels among all participants: If I can see you,
you can see me; if I can hear you, you can hear me. Physical space offers

thoce choroctariorlao, ooeifZai 1

Laese CnaraciCrisiics; ar tificial commur

d.LlUll LL(_!lIlO]OgIEb can a.l[er [ne
symmetry, leading to “bugging” and “Big Brother” spying. Similarly, if the
specific characteristics of the communication channels are different (you
can hear me loud and clear, but you sound distorted and soft to my ears),
it may alter the apparent personality or status of the participants.

The next two features, sequence and ability to be reviewed and vevised, refer
to asynchronous interactions. E-mail and chat windows are the prime ex-
amples where the “utterance” can be reviewed and revised before being
sent. There are occasions, however, where the messages arrive out of order
to the time in which they were issued, disrupting the comprehensibility of
referents and grammatical links. And, in both e-mail and chat windows, it

is hard to pull together the “thread” of the conversation
hard pull together the “thread” of the conversation.

Frequency of use and satisfaction are affected by the ease of access 10
the communication channel. It matters whether the video connectivity is
on the desktop or down the hall, whether one has to rent a room far in
advance of the meeting, and how many people are required to support
the endeavor. Cost figures in the decision to use various channels—not
necessarily absolute costs but those relative to other available alternatives.

Supbort for coordinati

1 amaong the narticinants is o os A1
among (e partGpants is a genera: calegory that

includes people’s abilities to be aware of the work of others. This can
happen through seeing them work, seeing notes about their progress in
a revision control system, or a shared view of a constantly updated project
plan. There are systems that alert the user when certain activities have
occurred, or when someone has changed a document in an area in which
another has responsibility. One could present indicators of who is currently
logged on to a distributed session, or even indirectly by showing work
being carried out by others in the same document (Dourish & Bellotti,
1999).

This coordination can also involye live video displays of a remote area,
either a continuous view of a hall or room, or glances into indiv
offices. Some systems combine this with access to others’ calendars and
an easy ability to leave e-mail messages or sticky notes on the screen to
notify people when they return to their offices (Tang, Isaacs, & Rau, 1994).

The clear description of all of these [eatures is critical if we are to
synthesize the effects of VMC. The rich variety of features available in
face-loface communication is subtle and easily taken for granted. Only
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when Lhey are not reproduced in VMC do we discover how significant

their effects are on the progress and product of the work.

Technology to Support the Work Object. Group work involves not only
conversation, but the objects to support the work (e.g., meeting minutes,
project plan, draft proposal, item to be repaired, CAD drawing). Tools that
have been built for creating shared objects and editing them vary widely on

moortant fearmires that interace with oroun members’ stvle and the task they
mportant ieatures that mteract wilh group membpers styie and e task they

are engaged in. Here are features of technology modified from a list first
presented in Olson, McGuffin, Kuwana, and Olson (1993): whether others
have access to the object, control over participant read/write permissions,
extent of functionality for editing and navigating the shared object, corre-
spondence between participants’ views, the ability to locate the position of
others in the work, the ability to capture the others’ attention, control over
turn-taking, support for specific types of work, and ease with which tools can
be accessed from one another.

Access refers to the permissions the various group members have to
read /write, as well as to their homogenelty If there is access, it is important
ty of the underlying

1o describe the basic function
application. The notebooks in many of today’s shared work systems, like
ProShare, are simple sketching tools that do no global formatting or
“smoothing” the way text editors do (e.g., they do not rewrap when one
wishes Lo insert something in a previously drawn list).

Correspondence of the participants’ views, ability to locale the position of others in
the work, and abilily to capture the others’ attention refer to the group members’
interface to this nhu:rr They refer to whether rhnv all see the same view or
not {WYSITWIS; Steﬁk etal., 1987) and whether if the group members have
different views the members can be aligned so the members can discuss a
common referent. Interestingly, in some systems views are aligned by a
participant grabbing control over another’s view, and in others it is initiated
by the one wanting to align. These different schemes have very different fits
to the group members’ personalities and power and status refations.

We also need to know how turn-takingis implemented. Most shared-object
groupware allows access to editing only one at a time (various kinds of
selection or file locking), with control either being grabbed by the one who
wants it, or requested from and released by the current holder of the pen.

Group work changes its task moment by moment. At one time or an-
other, people are generating ideas, evaluating them, organizing and pre-
senting them. Similarly, people are working together for a while, then
breaking into phases of parallel, individual work. Technologies are variously
suited to different work modes, with or without support for smooth tran-
sitions. That is, many systems are built solely for asynchronous pamllcl

e d

work; Lotus Notes is an exampie, as is use of a shared file server with

E
E
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without file locking. But it is not easy to bring a file of this sort into a
meeting room to use it in a shared-editing mode. And the LiveBoard
drawings, created in a synchronous distributed meeting, are not amenable
to editing in any other piece of software, such as a graphics editor, for use
in meeting minutes or a report.

Characteristics of the Task

There are a number of everyday English ways of describing tasks, such as
brainstorming, design, teaching, or decision making. But these are at the
wrong level of granularity for determining exactly how various kinds of
technology can help or hinder. For example, the task of design has many
phases to it, and these phases might be mixed together in complex ways.
These include gathering of requisite constraints and solution components,
critiquing these, deciding, carrying out the documentation, and so on.
We have created a smaller granularity descriptor set, adapted from the
synthesis of tasks in Teasley, Olson, and Meader (1994): the nature of the
material, major information-processing activity, dependencies among the work

of the nart
01 3¢ parudipants,

mtal ma

ilal IEsources uc&.ca&uy i0 do the lAaK, and uurd.uon
and scope. This descriptor set builds on those of McGrath (1984), Hackman
(1987), and Hackman and Morris (1975), Morgan and Lassiter (1992),
and Shaw (1981). We aligned and synthesized these other schemes to
create a level of description that appears to be important in discerning
the effect of various technologies on group work.

The Naiure of the Maierial. The casiest part to describe is the nature of
the material of the work, whether it be abstract ideas or concrete objects. The
chapter by Nardi et al. in this book (chapter 23) best illustrates the use of
video to show the object of work, in this case the microscopic view of
neurosurgery. Because the material of the work is concrete (or in this case
flesh), video can be used well to share the object. In other cases, when the
content of the work is abstract, video typically supports the conversation
rather than the object, although perhaps capture of the ideas in shared visual
form {in a shared editor) could help the memory loads incurred in this task.

The Major Information-Processing Activity. We consider exchanging infor-
mation about other teaw members’ capabilities, planning and orchestrating
the team, gathering or generating information, explaining or sharing
information, discussing to come to agreement, and planning and producing
a product. These items are described at a particular level of granularity,
intended to join to form recognizable composites of work. For example, the
task of design includes gathering information, explaining and sharing,
discussing various ideas Lo come to agreement, and planning and producin-g
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a product. Tutoring involves explaining and sharing information. Decision
“making is gathering information and discussing to come to agreement.

Dependencies Among Team Members. Different tasks are variously decom-
posable; allowing the groups to work easily in parallel (divide and conquer)
or tightly integrated. The dimension of “dependencies” is mtended to
reflect this aspect (see Malone & Crowston, 1994, for a more extensive
discussion of the dependencies that are managed in coordinated activities),
When groups have to mercly coliect resources on a topic, the task is loosely
coupled. The group can work in parallel finding material, and only at the
end coordinate it so that duplicate finds are eliminated. On the other
hand, people who are designing the components under the hood of a car
have to be tightly coupled. They have to be concerned with designing some-
thing that will impact something else, such as changing the size of the
engine block so that the path of the air conditioning hose has to change.
Groups performing a jazz piece are tightly coupled, as their actions have to
be integrated actions moment by moment to procuce a whole.

Mentai Resources Necessary to Do the Task, These can be viewed in terms
of number of constraints and familiarity. Work varies in difficulty, both
with the inherent resources necessary and with how familiar this problem
is. Building software in a team for the BESS switch at AT&T has many
more constraints and interactions among components and individuals than
jointly building, with a coauthor, a graphic to illustrate a point in a paper.
Similarly, developing the nth spreadsheet model for calculating household
taxes is more familiar to a tax analyst than the first was. These variables,
contributing in some sense to overcomplexity of the task, interact with the
processes in the next category, the duration, scope, and time pressure. For
example, a task may be short but repetitive, engendering an eventual
degree of familiarity.

Duration and Scope. The duration of the task has implications for many
of the other variables here. Short-term tasks are often much less compli-
cated than longer term, and often involve a fixed set of players. Longer
term projects often are more mixed and difficult, involve people with
varying amounts of knowledge about cach other (but the potential of
knowing others very weli), and produce management and motivational
challenges that short-term tasks do not. Time pressure puts additional
burden on the ability of the group to coordinate their work, to be aware
of each other and of their progress, and to be able to plan the next steps.
Perscnalities often are exaggerated in this sitnation, making some of the
personal and interpersonal dynamics different than in other, less stressful
siuations.

R
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Measures of Group Process

To make sense of the effects of the many factors we have described so far
it is necessary to be clear about what aspect of group performance is
affected. Our descriptive measures, dependent variables, are divided into
those dealing with the process in which the group engages, and those
dealing with the outcome. We consider task process, communication proc-

ess, and internersona
£55, ana mte T

Task Process. The factors here are depth and breadth of analysis, time
spent in various activities, structure of the conduct of the work (serial,
parallel), and efficiency. A number of the papers in this book use measures
of the group’s process. Some are lime based (Olson, Olson, & Meader,
chapter 8, this volume) and track the time spent in various kinds of ac-
tivities, also showing the transitions among those activities over time. Other
measures are content based (e.g., Olson, Olson, Storrgsten, & Carter, 19938),
where the ideas generated are diagrammed along with the argumentation
surrounding the ideas’ adoption. In longer term projects, it is perfectly
reasonable to track the global aspects of how the work was done, whether
in meetings or in individual work modes. The Anderson et al. chapter,
this volume (chapter 7), calculates efficiency as the time to reach a par-
ticular state or the number of ideas or utterances per unit time,

Communication Process. This process entails clarification, pattern of the
management of discussion (turn-taking), nonverbal communication, and
digressions and socializing. Closely related are details of the communica-
tion patterns in group work. Anderson et al. and Olson, Olson, and Meader
(chapters 7 and 8 in this book), for example, code activity surrounding
people’s clarification of their ideas, responses to questions, etc. Clearly,
this is an fmportant potential measure of the clarity of the video/audio
channel. Similarly, several people (Sellen, 1995; Boyle, Anderson, & New-
lands, 1994; Anderson et al., chapter 7, this volume) claim that a good
measure of the efficacy of the video channel is how the conversation is
managed, how easily people take their turns in conversation, and how
many interruptions happen. Bekker (1995) catalogued the various kinds
of gestures people use to communicate complicated ideas, which are likely
to vary as people either lose the video channel or find they cannot convey
things effectively that way because of a too small video window. Others
report the use of posture and larger bodily gestures in service of conveying
attitude, attention, and intent to speak.

Interpersonal Process, Roles. Relevant features are conflict and coopera-
tion, affect, and participation. Early coding schemes such as Interaction
Process Analysis (Bales, 1950) emphasize the mood or affect of the inter-
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action, whether the interactions reflect conffict or cooperation, and whether

“comments are pleasant or hostile. People will also vary their participation
with their perceived value or difficulty in the communication modes. One
more specific form of participation is the role that a person will play in
an encounter, such as meeting manager, devil’s advocate, or idea gener-
ator. These are likely to be important measures of how video technologies
impact remote group work. One can imagine, in particular, that if the
communication channels are heterogeneous {e.g., one person is on a
speakerphone and all others have high-bandwidth video), participation
will vary and may change the affect of the meeting.

Measures of Qutcome

Task Outcomes. Often the easiest measure of the group’s success is to
score the product quality against some criteria. This could include percent
of a target goal the team finished, or how many defects reside in the produgt,
e.g., in software production. Some lab tests include tasks that have right
answers; others have to be judged by a panel of experts or evaluators, Some
tasks iend themselves o easy counts {c.g., brainstorming number of ideas),
and others are more difficult (e.g., quality or creativity of a design sohution).
But one can also look at more global features such as the total amount of
time the group took to finish and the cost. These last two are the features
commonly included in assessment of productivity.

Group Outcomes. Sometimes it is as important to know how well partici-
pants know and buy into the final decision or product as it is to assess the
product’s inherent quality. The work that individuals engage in after a
meeting can either succeed or fail, depending on this buy-in and under-
standing. One can also assess the satisfactions people have with the process
and product. A simple measure of satisfaction with the process is the
frequency with which a particular communication channel is used. This
choice is driven in part by a group member’s satisfaction and in part by the
support the channel and tools offer to the important aspects of the task.

Organizational Outcomes. We especially want to stress the organizational
outcomes, including learning (individual knowledge and skill acquisition),
wiilingness to work with members of the group again, group member
loyalty and retention, changes or reinforcement of work norms, and indi-
vidual status changes. Organizational outcomes are long term and can be
more difficult to assess, but are nonetheless very important. Changing the
organization’s knowledge base or skill set or decreasing employee turnover
may be much more important to the organization than affecting the quality
of a particular task outcome. Members of the group may either refuse to
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work with a group member again or seek that member out, given the
ex‘r_n—‘rience in this group. Some technologies may change the work norms.
For example, in some technologies it is easy for managers to monitor the
work of group members, engendering changes in trust and willingness to
share. On the other hand, some people may end up being rewarded for
their participation, where they were reluctant or unable to make their
ideas known in other kinds of communication situations. In order to fully
measure outcomes need to be examined as well.

We would also like to encourage multimeasure studies of VMC, particu-
larly with a focus on both process and outcome. Process analysis is usually
more difficult than just measuring outcomes, but it is only through process
analysis that we can learn why outcomes were affected in the way they
were. This is especially critical in field studies where experimental manipu-
lations are usually not possible.

MAKING USE OF THIS FRAMEWORK

The value of this framework can be itlustrated by applying it to the set of
papers in this book. There are four major benefits to using the framework
in terms of the ability to:

I. Cluster findings into similar sets, having to do either with the type
of group, their task, or the details of the technology employed.

2. Point to situations (group types, tasks, technologies) that have been
undertested in empirical work. By filling in the table of empirical
research relevant to feature or combination of features, one finds
holes. These holes indicate areas of needed research, and in some

cases even potentially fruitful applications to be built.

3. Focus on areas whére researchers have found

appar
tory results. By looking at the full set of variables in
it is possible to find explanations,

4. Where findings are stable and clearly comparable, begin to build a

theory.

Clustering the Findings

The empirical work on this book clusters into three major categories. A
number of papers explore the value of video in communicating during
focused, real-time, cooperative work. Anderson et al., Olson et al., Rudman
et al., Sellen and Harper, and the review hy Whittaker and O'Conaill
{chapters 7,8, 10, 11, and 2, respectively) focus on this situation, comparing
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work with varfous communication technologies to face-to-face work. The

“collection of papers reports not only process and outcome measures, but
also interviews of people about the hlgher level organizational factors that
impact the frequency with which these technologies are chosen.

A second cluster explores the value of “media spaces” where video is
used both to converse and to support general awareness of the activities
and whereabouts of people. Isaacs and Tang, Harrison et al., Heath et al,,
Isaacs et al., and the review by Kraut and Fish (chapters 9, 13, 15, 22, and
25, respectively} emphasize this aspect of cooperative work. Interestingly,
these studies derive their conclusions from field studies, looking both at
people’s perceptions of the value of these technologies and at the frequency
with which they choose these over other methods of communicating.

A third cluster has only a single exemplar in this book. This is the use
of video for showing the object of work, not the participants. This is the
work by Nardi et al. (chapter 23), in the neurosurgery application. Here,
video supports coordination of team work by showing all the group par-
ticipants (and some remote people, both experts and novices) the flow of
work, work that would norma.lly, without technology‘, be visible only to the

Although this is the only paper of its kind in this book, others
have illustrated the use of video in real-time work for showing the ohject
of the work, for example, for remote tutoring about a mechanical process
(e.g., Ishii & Miyake, 1991).

SUTECOL.

Undertested Situations in Need of Future Work

Most of the empirical work focuses on groups that know each other and are
cooperating while performing shared tasks. There is need for research about
groups who are contentious, who have to negotiate as opposed to create a
communa] object, or whose memebers differ in status or power. Many people
expericncing videoconferencing ask about the effect of working with people
who do not know or trust each other. They also ask about the common
situation in which some participants in a multipeint conference have less
bandwidth than the others. And, although we have collected both process
and outcome measures of group work under a variety of technologies, we
have not yet measured some of the anticipated longer term effects, like
willingness to work with others again or organizational learning.

Unraveling Apparently Contradictory Resuits

One important benefit of having a list of important situational descriptors
is Lo help disambiguale apparently contradictory results. Potential for this
benefit is revealed in two papers in this book. The review by Whittake
and O’Conaill (chapter 2) and the paper by Anderson et al. (chap[el 7)
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report mixed results of the value of video on the conduct of turn-taking.
In some cases, face-toface work is characterized bv more mterruntlorm
than video or audio remote work, in some cases less. By examining the
list of features in the framework with respect to these studies, two potential
explanatory sources arise.

The video technology used in the studies does not match exactly. In some
cases, the video is large-screen videoconferencing with delays, and in other
cases the video consists of video tunnels that preserve eye contact but are “in
a box” and not large. These two technologies differ in the strength and
timing of peripheral cues offered to the participants, known to affect
turn-taking.

The second source of conflict centers on the dependent variables: the
ways in which these studies measure the concepts furn-taking and interrup-
tioms. Interruptions can arise from several sources. Interruptions can occur
when participants are “in sync.” They finish each other’s sentences or
indicate through interruption that they understand and that the other
persont need not continue. The other kind of interruption comes from
the awkward pauses that arise from communication channel delays. The

original speaker pauses but, hearing no uptake of the turn from the other,
original speaker pauses but, hearing no up

begins to speak again. Perhaps the results from these studies could be
disambiguated by sorting out their use of the term interruptions.

Building a Theory

The good news is that some of the empirical studies are finding common
results. For example, there is a growing body of research confirming that
when people who know each other are cooperating in a complex task, video
does not seem to add much over audio to the quality of the end product. If
there are any delays to the audio, quality suffers. All remote work, no matter
how high the bandwidth and how small the delay, still makes people behave
differently. They often c1thcr explain more or need to clarify their ideas to

their remote group m

1 ,\rl\r thr mwhnnl these studies, pe()plg

prefer video connecti 11) over dudl() ouiy

These results form some of the basic links between important factors
in this framework, building essential facts for theory. Although we are
nowhere near understanding all the interactions among these variables,
for all the kinds of groups, technologies, tasks, and situations, we are at
ieast beginning to find consistency. Theories are on the horizon.
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Chapter 5

Assessing Video-Mediated Conduct:
A Discussion of Different
Analytic Approaches

Abigail Sellen
Rank Xerox Research Centre (EuroPARC)

In this introduction to the 10 chapters in Part II, a practical categorization
of their various analytic approaches is offered. The different disciplines, analytic
arieniations, and methodologies that arise within this framework are discussed.
One goal is to discuss the strengths and weaknesses of each approach; another
is to point out the underlying assumptions behind a range of approaches in
order lo help in interpreting the findings.

INTRODUCTION

Even those of us who are well acquainted with the literature on video-medi-
ated communication {VMC) can sometimes feel overwhelmed by it. As the
chapters in Part I attest, one reason for this is that the research has tended
not to follow a well-defined path. Although researchers themselves may be
systematic about their own work, there seems to be little systematicity or
cohesion across VMC studies, resulting in a body of work that is unusually
diverse. One consequence of this is that each set of findings needs to be
carefully considered within the context of the specific methods used and
measures taken, as well as the particulars of the tasks, systems, and people
being studied. For this reason, the chapters in Part I are important in that
they try to impose some structure on to the now substantial body of rescarch,
attempt to make sense of the findings by introducing common vocabulary,
and help to explain the technical aspects and terms that permeate the
literature.
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.. Byway of introduction to the 10 chapters in Part II, which concentrate on

* findings, I offer another framework within which to categorize and interpret
the results, this time based on what I call analytic approack. Here I use the
term as a general way of referring to the range of disciplines, methods, and
analytic orientations used in the rescarch. Analytic approach is tied to, and
to some extent determines, all of those other research dimensions discussed
in Part I: the kinds of questions being asked, the kinds of measures selected,
and the kinds of systems, work settings, and people thatare the focus of study.
But as analytic approach often reflects a deep-seated commitment to an
orientation within a particular discipline, it can go much further than this.
It can show itself in what the researchers consider to be the true object of
inguiry, from the mechanics of behavior to the social world. It can show itself
in methodology—for example, some researchers construct the situations in
which the data are to be collected, whereas others immerse themselves in
naturally constructed situations. It can show itself in how the data are
interpreted: as a set of cause-and-effect relationships among variables, as
events that unfold and have meaning over time, or as events that find their
place within the social order of behavior.

Before expanding on thesc i

1es with reference to specific chapters, it

is perhaps useful to start with a practical categorization. I say practical
categorization because it is difficult to impose any clear-cut taxonomy on
what follows: Many of the chapters are interdisciplinary, most employ a
variety of methods, and several describe extensive programs of research.
However, it is possible to cluster the chapters together by considering some
of their underlying commonalities and differences, and then to use this
as a framework for discussion.

Chapters 6, 7, and 8 might be called experimental studies in that they rely
on the application of what is often called the “scientific method” to the
study of VMC. Although not limited to the laboratory, they atm for the
kind of control usnally found only under laboratory conditions, and adopt
a reductionist, psychological orientation in doing so. Chapters 9, 10, and
11, which I call field studies, put the emphasis on use of technology in
real-world contexts. Having said that, one might stll call these studies
experimental, and indeed the main disciplinary influence in these chapters
is psychological; however, they tend to be concerned with the impact of
technology over time, rather than across controlled conditions. One other
characteristic of chapters 9-11 is

ey assess the impact of video on
users who have no vested interest in developing or testing the technology.
This is quite unlike the next three chapters, 12 through 14, which represent
what I call the living with technology approach. These chapters represent
three different laboratories known for their research on media space tech-
nologies: Rank Xerox’s Cambridge laboratory and its RAVE system, Xerox
PARC’s media space, and the Ontario Telepresence Project at the Univer-
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sity of Toronto. Although each laboratory has conducted a range of em-
pirical studies, each has also studied those technologies to a large extent
;hrough their own long term experiences of use. Finally, chapter 15 rep-
resents an amalgam of all of these, combining and reporting on the results
of psychological and ethnographic studies in both laboratory and socio-
logically informed field settings.

In outlining these different classes of studies, one is, I believe, justified
in generalizing these observations to the VMC literawure at large. The
collection in Part II is very much representative of the techniques and
approaches that exist more broadly. T next comment further on the disci-
plinary background, analytic orientations, and methodologices that arise
within each of the categories just outlined.

CHAPTERS 6, 7, AND 8: EXPERIMENTAL STUDIES

The experimental approach to the study of VMC seems to follow naturally
from the kinds of questions often asked about video systems: What is the
advantage of a videophone over a telephone? Can a video sysiem replace
face-to-face meetings? Implicit in these sorts of questions is an assumption
that adding a visual information channel to an audio channel somehow
brings remote participants closer to a face-to-face, copresent conversational
context. In other words, video systems are conceptualized as lying some-
where in between audio and face-toface meetings along an information
bandwidth continuum. In order to build on this underlying model, one
naiural course of action is o perform direct comparisons of audio, video,
and face-to-face conditions in order to map out the differences in conver-
sational conduct between them. As such, audio-only and face-to-face meet-
ing situations often form the baselines against which various video systems
are compared.

The experimental approach offers a systematic way in which one might
make such comparisons, It is a psychologically based, reductionist approach
that tries to map out a set of cause-and-cffect relationships between ex-
perimentally isclated aspects of communicational contexts and the behav-
ior these contexts engender. One of the goals of this approach is to define
the function of visual information in terms of a mechanistic model of

and O’Conaill in chapter

communication, as is well iflustrated by Whittaker
. From a practical perspective, one might then hope to be able to specity
which aspects of video system design might be important for supporting
particular kinds of behavior.
Central to this approach is an inevitahle trade-off hetween experimental
control and realism. If too many factors differ across conditions, one may

be at a loss as to what to attribute any observed differences in behavior.
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Too many systematic variations across conditions confound interpretation
“of ‘cause—effect relationships and muddy the waters of analysis. On the
other hand, tasks and systems that are too contrived may yleld results with
no relevance to real-world systems and real work; people who are brought
together only for the purpose of a short-term experiment may fail to exhibit
characteristic behaviors of real working groups.

The three experimeutal chapters in this section attain this balance in
different ways. The chapter by Anderson et al. maintains the firmest grasp
on experimental control, using subjects, tasks, and systems (with one ex-
ception) all carefully designed with the aims of the experiment in mind.
However, the authors are well aware of the importance of choosing tasks
with realistic properties. Similarly, Olson et al. choose their experimental
procedures with an eye to realism within the confines of a laboratory
setting, using well-established tasks and tools. O’Conaill and Whittaker
venture out of the laboratory, observing real systems in use in meetings
by real working groups. They maintain control not so much by i imposing
it, but rather by carefully sechng which groups and systems to observe.
They are the first to admit, however, that because of this it is sometimes
difficult to draw conclusions about which variables may be held responsible
for which observed effects.

Another characteristic of these experimental studies is their emphasis
on operational definitions of behavior. Broadly, the measures of interest
in VMC research of this kind can be divided into two kinds of “objective”
measures of behavior: measures of task outcome and measures of commu-
nicative process. lyplcally such studies often also gather what they call

“subjective” data, or, people’s perceptions and opinions collected through
questionnaires, rating scales, and interviews.

Anderson et al. (chapter 7) and Olson et al. (chapter 8) make use of
all three kinds of measures, whereas O’Conaill and Whittaker (chapter 6)
concentrate on the structural properties of conversational process for their
objective measures, supplemented by interview data for their subjective
assessment. Measuring aspects of communicative process, in particular, can
be extremely labor-intensive. But as Anderson and colleagues observe, it
is sometimes important to collect both outcome and process measures, as
they can illuminate different aspects of the same phenomena.

Ohbjective and subjective measures can also tell very different stories in the
same situation. The three expe

apters in this section (as well as
chapter 9 by Isaacs and Tang) indicate that subjects’” comments, as revealed
through interviews and questionnaires, often paint a more complex picture
of the benefits and drawbacks of visual access than objective speech measures
would suggest. Sometimes these measures serve to strengthen and confirm
the objective findings, but at other times they reveal differences across

conditions where objective measures do not. In all three of the experimental
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chapters in this section, subjects express strong preferences for video systems
over audio systems, and for good-quality video systems over poor-quality
systems. Further, they often articulate reasons that receive no support in the
objective data. This suggests either that the objective measures are not
adequately capturing the relevant phenomena, or that subjects’ perceptions
are not manifested in, or derived from, any outward measurable behavior.
Whatever the case, it tends to cast doubt on the efficacy with which these
kinds of operationally defined, objective measures offer a comprehensive
assessment of the impact of video within an experimental context.

In addition to difficulties in choosing appropriate measures of behavior,
there are also problems in knowing how to interpret differences in these
kinds of objective measures across conditions. The measurement of inter-
runnonq serves as a o‘nod f-xnmnif- A]rhmmh f_remxent 1ntt‘fﬂ]nﬂ01’|§ in
conversation might be taken a priori to be an mdlcauon of dliﬁculues in
turn-taking or speaker coordination, as the chapters by O’Conaill and
Whittaker and Anderson et al. help to iHustrate, frequent interruptions
can also be interpreted as an indication of a highly interactive and informal
conversation. In other words, frequent interruptions can be seen as a
feature of a good conversation rather than as a bad one.

Despite these various problems with the experimental approach, opera-
tionalization does offer a basis on which we can compare results across
studies. The fact that this kind of comparison is difficult is largely a function
of the multivariate nature of the research and the apparent sensitivity of
such measures to small differences in experimental context. As we struggle
to resolve inconsistencies and arrive at models that fit the data, we can be
somewhat assured that if the experimental approach does reveal some
consistent findings across studies, then those findings are very likely both
robust and generalizable. Simple bandwidth models of communication (or
models that attempt to “count up” the number of variables available for
communication) do not yet provide the interpretive or predictive frame-
work we need. 1 am, however, optimistic that such models are on the ho-
rizon and that the experimental approach will be largely responsible for
their development.

CHAPTERS 9, 10, AND 11: FIELD STUDIES

Laboratory-based experimental studies aim to produce theoretically based
predictions for the impact of video on conversation and collaborative work.
Another approach is to study the impact of video in situ. Because each
organizational context is unique, one could argue that findings from in
situ studies are difficult to generalize: Any set of findings from one organi-
zalion may not hold true in another. On the other hand, many would
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argue that it is just these unique properties of real organizations that matter

“when assessing the impact of video on work—that the group dynamics,
political hierarchies, work practices, and social order of work settings are
what really matter when considering whether technological systems will
find their place in the real world. Likewise, short-term laboratoly studies
ignore issues of adaptation to and adoption of technology. Thus long-term
studies of use are needed, and these are always difficult to carry out in
121‘[;)0121101}’ environments.

The chapters by Isaacs and Tang (chapter 9) and by Rudman and
colleagues {chapter 10) describe studies that reach a compromise between
experimental and ficld research in that they are sympathetic to the point
of view just presented, without wishing to sacrifice some of the benefits of
experimental control. To this extent these two sets of field studies rely
heavily on psychological methods. This holds true both for the design of
the studies and for the ways in which the data are collected and analyzed.

This view of a workplace as a “living laboratory” is typified by Isaacs and
Tang. In chapter 9 they report on a series of studies in which patterns of
behavior are measured and analyzed both with and without the technologv

Af intorac s Fan vz «l'.‘i-.-,\
of interest, This technique of obser

g the same group of bl.lUJCLi_b over
time and under different conditions is very similar to what one might choose
to do in the laboratory. Likewise, Rudman et al., in their studies of graduate
student teams, impose a series of different technological “conditions” on the
same groups to examine how they impact behavior across time.
Psychological metheds also show themselves by the kinds of measures
that are employed in these two sets of studies. Isaacs and Tang make use

of auzntitative meag
O quaniiialive meas

ik use as well as measures of other dprLLb
of collaborative activity such as frequency of phone calls, face-to-face meet-
ings, and so on. Other attempts at gathering quantitative data in this
chapter and in that of Rudman et al. include the use of rating scales and
questionnaires. Such methods, theoretically, are replicable because they
are operationalized.

Chapter 11, by Sellen and Harper, exhibits some methodological simi-
larities with the other two chapters in placing the emphasis on obscrving
system use over time in a nonexperimental work context, and in using a
mix of quantitative and qualitative analytic techniques. However, the ori-
entation of this chapter is more clearly ethnogmphm rather than psycho-

logical. Such ethnographic undert he found in both the Isaacs

and Tang and the Rudman et al, chapters in the degree to which the
investigators rely on interviews and observations, and more generally in
the way in which they attempt to gain an understanding of the people
they are studying. Rudman et al. cast out a particularly wide net in doing
this, observing and interviewing people from 20 different organizations.
Sellen and Harper focus only on one group in one organization, but
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observation of this group takes place over a long period of time in order

to discover the salient nronerties of the social world, which tend t

to discover the salient properties of the social world, which ten:
themselves only by long-term observation of a work setting.

As one might expect, the result of studying the impact of video systems
in the field reveals new insights. Isaacs and Tang discuss ways in which
their systems find their place within the context of other work activities.
They also make observations such as the extent to which people are con-
cerned with privacy issues a priori, but then fail to take advantage of
features to protect their privacy in the course of actual system use. Rudman
et al. describe how organizational goals, economic factors, and logistical
constraints impact on system use. For example, they describe the ways in
which people appropriate and adapt the technology at hand to suit their
needs, often (’h;mcrmcr their tasks in order to es(n]mt the resources rhev
have available. Sellen and Harper discuss how v1cleo systems are important
in showing presence in the face of fluctuating group membership, how
they allow working groups to break off into fractionated discussions, and
how groups choose technological systems depending on the kind of work
they wish to accomplish. All of these observations would not emerge in
the natural course of Iaboratory work.

As these three chapters show, the creativity and flexibility that working
groups exhibit in using the technology they are given offer some fascinating
insights into technology and work practice. However, the very fact that
people are so adaptable may work against developing design innovations,
because they may often be willing to “make do” with what they have. If
the people using the technology have no vested interest in developing it,
unless pressed, they may have littie to say about what else they need, what
changes they would like to see, and what form future systems should take.
Thus although one can make a good argument for evaluating new systems
in use with relatively disinterested parties, one can also make an argument
for developers and designers having a closer working relationship with
their own systems, which brings us to the next three chapters.

CHAPTERS 12, 13, AND 14:
LIVING WITH TECHNOLOGY

Chapters 12, 13, and 14 are characterized by verylong-term experiences of
use where the uesxgners and developers of media space technologies attempt
to live and work with their own technology. These soris of “living experi-
ments,” to quote Bellotti and Dourish, can lay claim to many of the benefits
already cutlined in relation to field studies in general: in providing a real
context in which to study the use of systems for diverse purposes over along
period of time. Indeed all three of the chapters here represent extensive
media space projects lasting anywhere from 3 to 10 years.
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. One of the main contributions of such studies is in offering an analysis
" of the ways in which system design changes over time as its users adapt
the technology to suit their needs. Similarly, the behavior of the users
themselves changes through the course of living with the technology. Thus,
users and technology can be seen to co-evolve, and this process is one in
which its users can have direct influence, as the designers and developers
of the system. This is one theme that chapter 12 by Bellotti and Dourish
is helpful in elucidating.

Another feature of this kind of work is an emphasis on the flexibility of
the design of mediaspace technology, and how it differs from the conception
of video systems as face-to-face videophones. Media spaces are different from
the videophone model in that they provide a range of functionality, are
ubiquitous, and have a persistent presence. As all three chapters illustrate,
media spaces can be used for much more than point-to-point connections.
The utility of services that support background awareness, for example,
extends our notions of what video can be used for and offers good evidence
for the range of ways in which video, audio, and computing systems can be
creatively configured. Further, chapter 13 by Harrison et al. points out the
mportance of media spaces as malleable, flexible systems that can be
appropriated and modified by the communities they support.

So one of the benefits of living with the technology one is also developing
is that this allows the opportunity for a system to naturally evolve. Engage-
ment between users and designers is ensured. As such, its users are more
likely to be on the lookout for design opportunities, and are more likely
to be tolerant of bugs and breakdowns. One can contrast this with putting
technology into field settings outside one’s own domain where, as Moore
points out in chapter 14, one walks a fine line between providing a robust
prototype and a prototype that is not yet fixed in its design. In researching
field settings outside one’s own research laboratory, as any field worker
knows, it is of utmost importance not to get in the way of the work, Systems
that fail or that represent too much of an imposition on the natural course
of work may upset the delicate relationship between field worker and field
site. There are many other kinds of practical obstacles that one must
overcome when attempting to deploy technology outside the realm of
one’s own research environment, as Moore’s chapter well illustrates.

Another benefit of this approach is the richness of the data that one
Partly this has to do with the length of time at one’s disposal,
but partly it is because of the depth of one’s own understanding of the
work context. The impact of technology can be assessed and confronted
within one’s own experience and thus within the extensive grounding one
already has of the setting in which the technology is embedded. Another
advantage over field studies outside of one’s own workplace is that there
is no need to be preselective about which group, which set of activities,
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and which aspect of system use one chooses to study. Observations within
one’s own workplace can be largely serendipitous; design modifications
can be opportunistic and involve very little overhead and investment.
But it is also instructive to ask whether this kind of approach has any
inherent drawbacks. One issue characteristic of many papers of this sort
is that the chapters tend not to reflect or rely on any one particular analytic
orientation. In itself this need not be problematic, yet many of the studies
that rely on anecdotal evidence tend not to be accompanied by the eth-
nographic analysis one might hope to see, and thus seem stripped of the
organizational context within which to interpret the anecdotes. One has
the sense that the authors sometimes withhold comment on the social
world within which the technology is placed. There may be good reasons
for doing this. Research laboratories often consist of communities within
communities, each supporting different technologies. For this reason, as
a member of the development team for a given technology, ene may be
under some (implicit) pressure to show support for one’s “own” technol-
ogy. Further, it may often be more politic not to comment in detail on
the social factors that impact on the use of technology in one’s own place

of work. Thus, just as a psychological orientation rules out introspective
analysis because of the potential for distortion and bias, there may be
significant sociological difficulties for a research community in attempting
to be self-reflective and self-analytic.

A final point is that there may be problems in trying to generalize from
research environments to other places of work. As Harper (1992) noted,
research environments are, organizationally speaking, quite unlike most
other places of work in that there is a disproportionately large amount of
professional staff, with all the rights, autonomy, and aloofness {rom organ-
izational constraint that goes with that status. This high concentration of
knowledge workers likely has significant impact on the ways in which such
communities use collaborative tools, media space systems included.

Unsurprisingly, this approach has its own set of advantages and disadvan-

_tages, but as the three chapters in this section illustrate, these long-term

analyses of experiences of use provide important converging evidence for
understanding the ways in which video can support a diverse range of
interaction.

CHAPTER 15: A HYBRID APPROACH

Chapter 15 by Heath et al. cannot easily be classified into any of the
preceding three categories. It reports on sociological and psychological
studies, in both field and laboratory settings. Unlike the other studies in this
section relying on ethnographic methods, the analytic orientation behind
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the field work draws on conversation analytic techniques, meaning that the

“emphasis is not on the impact of technotogy on the social world, butis rather
focused on behavior at a more local level. This approach is concerned with
such things as the sequential organization of behavior, how behavior draws
meaning from its temporal context, and how people working together
construct shared meaning within the developing course of interaction. Thus
the essence of this approach is that it considers actions in their local context
through very detailed analysis of videotaped interaction.

This technique is very different from any of the techniques used in the
other chapters in Part II, and Heath and colleagues show how it can be
broadly applied in analyzing video-mediated conduct. For example, they
report on an analysis of Rank Xerox's media space system as well as the
use of a Xerox Television link. They also show how this technique can be
applied to a variety of collaborative work settings in places where no video
systems per se are involved. The purpeose of this is to shed more light on
the interactive processes underlying collaborative work in general. An in-
tegrating theme, and one that leads into the experimental Multiple Target
Video (MTV) studies, is that collaborative work requires much more than
a face-toface view. In addidon to this view, collaborative work requires
flexible access to the local environment of the other, to workrelated arti-
facts, and to the relation of one’s coparticipant to those activities and
artifacts. The MTV experiments are designed to test out ways in which
that flexible access might be provided.

This chapter provides one example of how interdisciplinary research

can speak to the same issues in different ways. It also shows how very
o +1-

i % S LOET A n,umpau'y‘ng ik n:uu)u\uugics can
work toward mformmg the design of new kinds of video systems.

CONCLUSIONS

1 have offered a practical categorization of the 10 chaptersin Part Il in order
to provide a framework for discussion of the various analytic approaches that
exist in the VMC literature. These approaches stem mainly from the
disciplines of psychology, sociology, and anthropelogy, and as such most

chaptem adopt an experimental or ethnographic orientation, or a combina-
different

broader classification, one can see many
assuicalion, one can see many diierent

kmds of methodological techniques: experimental laboratory techniques,
experimental measurement applied to field settings, ethnographie observa-
tion and interviews, and video analysis with conversation analytic leanings.
Approaches over such a range are often fundamentally philosophically
different from onc another, At one extreme, the research may aim to
reduce phenomena to its behavioral elements and from there synthesize
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a model; at the other extreme it is essential that behavior is not stripped
from its context as context confers meaning on action. Approaches also
fundamentally differ according to the level of the phenomena of interest.
On the one hand the research may focus on local behavioral phenomena,
whether they be measurable behaviors across conditions or within a spa-
dotemporal context. On the other, the research may focus on the more
glo}nl aspects of working life and the social world—on the organizational,
work practxu: and even moral aspects of behavior.

A final dimension along which these approaches differ, and one that is
worth emphasizing, is in the sorts of assumptions made about what aspects
of human interaction video is intended to support. Much of the experimen-
tal psychology work on VMC concentrates on video in support of conversa-
tion during focused group work (e.g., O’Conaill & Whittaker). The model
for much of this experimental work is a face-to-face model, which is like the
model underlying most commercial video systems. The support primarily of
face-to-face talk may also incorporate work-related objects such as computer-
based tools, paper and pencil, and whiteboards, especially for support of
focused problem-solving activities (e.g., Olson et al., Anderson et al,

Rudman et al.) and also dedsion-making activities (Sclien & Harper). Thf

experimental work reported in the Heath et al. chapter attempts to extend
beyond this face-to-face model for collaborative work by providing more than
a face-to-face view, and emphasizes the importance of viewing data and
artifacts, as does chapter 23 in Part IV by Nardi et al. However, these chapters
still concentrate on the support of groups deliberately brought together for
the purpose of focused work. In contrast, in testing their Montaqe and Forum
prototypes, Isaacs and Tang begin to experimentally explore other kinds of
interaction one might wish to support with video, including the mechanisms
involved in making contact with others in an organizational environment,
and ways in which one might support presentations to large audiences. The
three “media space” chapters go furthest in exploring a whole range of ways
in which video might be used for various types of interaction from the
support of informal, background awareness of others, moving into more
engaged, focused collaborations.

So what are the practical implications of all of this>» What does the
research have to say about how we can best configure technology to support
different kinds of work at a distance? As this chapter has outlined, different
analytic orientations have their own strengths and we
prowdc help in guiding and evaluating the design of video syatems in
complementary ways. But as we can also see, assumptions about what kinds
of interaction video is intended to support are often made before the
research is begun, and this also needs to be taken into account in inter-
preting the findings. As researchers, we can help by making these assump-
tions explicit. Perhaps this will be helpful not only for practitioners, but
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also for other researchers seeking to make links across studies and seeking
~to facilitate more systematic, cohesive research.

REFERENCE

Harper, R. H. R. {1992). Looking at ourselves: An examination of the social organisation of
two research lahoratories. Proceedings of CSCW "92 {pp. 330-337). New York: ACM Press.

Chapter 6

Characterizing, Predicting,

and Measuring Video-Mediated
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We prresent a method for comparing the spoken aspects of communication for
meetings held in three different communication settings: (a) low-quality video-
mediated communication (VMC); (b) high-quality VMC; and {c) facetoface meet-
ings. Based on an analysis of the media characteristics of face-to-face commu-
nication, we derive a set of predictions about how the spoken characteristics of
will differ in these two systems, as compared with facetoface
communication. As predicted, we found that adding video can detract from
spoken conversation when ki idths are limited. Contrary to our
expectations, however, we found that sven high-quality video does not veplicate
all properties of face-tofuice communication, and we attempt to explain mhy.

o bamnd

INTRODUCTION

Many video communication technologies are premised on the hypothesis
that adding a visual channel to audic-only technologies, such as the tele-
rhone, will improve communication and 3
properties of face-to-face communication. Thus, the added benefits of hav-
ing the visual information afforded by gaze, gesture, and facial expressions
will enrich the quality of the communicaton (Whittaker & O’'Conaill,
chapter 2, this volume). For organizations, the promise of increased remote
collaboration through improved mediated communication is very attrac-
tive. It means they can increase the number of potential coworkers while

wilate many of the important
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decreasing travel costs: Fewer employees need to joumey to meet their
"distant colleagues because they can interact effectiv ely with their colleagues
using videoconference or videophone (Johansen, 1984). It is clear, how-
ever, that these promises have not been fulfilled (Egido, 1988, 1990; Noll,
1992). Why then have video technologies failed to be the commercial
success that was forecast as far back as their first introduction in 1997
Two answers have been put forward: inadequate analysis of user needs
(Johansen, 1984; Johansen & Bullen, 1984; Panko, 1992) and a failure 1o
identify a strong task outcome benefit from the addition of a video channel
(Chapanis, 1975; Reid, 1977; Short, Williams, & Christie, 1976; Williams,
1977). Here, we explore another possibility—that adding video can com-
promise basic communication processes. A number of key processes in
face-to-face communication are heavily dependent on two-way interaction
and involve very precise timing. Our hypothesis is that, in commercial
systems where audio is buffered to synchronize with the video channel,
concurrency and liming are disrupted. As a result, such systems may not
support basic communication processes.

Unlike many laboratory prototype video systems, commercial systems
are subject to bandwidth constraints in trans

co data, Video data
has to be compressed to travel over these commcrma} networks, and this
introduces delays in communication. The time taken to compress, transmit,
and decompress video data is greater than that for audio data alone. To
provide synchronized video and audio, it is common practice to buffer the
audio until the video image is processed, and this introduces delays. Ad-
ditionally, in the case of conferencing systems, there is a need to prevent
feedback from the andio stream being retransmitted from the destination
side. To alleviate this problem, many systems are half-duplex—that is, the
audio is transmitted from only one location at a given time. These channel
properties are very different from the properties of face-to-face communi-
cation where the audio channel is both immediate and full duplex. In this
chapter, we predict and test how these channel constraints in video-medi-
ated systems make the spoken aspects of communication in such systems
different from face-to-face communication,

Previous theoretical work has addressed the question of how mediated
communication differs from face-toface interaction. Prior attempts to
characterize the differences have relied on notions such as social presence
(Short et al., 1976), cuelessness (Rutter & Robinson, 1981), and media richness
(Daft & Lengel, 1984). However, such terms are difficult to measure
objectively and are open to interpretation. We wished to quantify differences
in terms of measurable characteristics of speech processes that have inde-
pendently been shown to be important in face-to-face interaction (see also
Sellen, 1992, 199‘3) in understandmg how these speech processes are

aifected in VMT, it should be possibie to explain why video technologies
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5, LcHARAcr

haVC not succeeded and to suggest more limited applications for which they

irrht be anpropriateA
We compared the interaction in real meetings that took place in two

e-area videoconferencing systems with that in a face-toface (FIF) set-
ting. The first system {ISDN} is representative of currently available com-

erc1ai video conferencing systems. It has half-duplex audlo transmission
Iags, and poor plCtUl‘C quality. The second (LiveNet) is a higher quaiity

cuctemn that ic ranracant.

prol,o[)"pe sysieim el 15 u,l_u\,;\,umu
frastructure with the properties of duplex audio, no transmission lags

and full bandwidth video. All the meetings took place for workrelated
reasons and had been scheduled to take place regardless of the study. We
* describe the three conditions briefly, concentrating on the channel prop-
“erties that may influence conversations over those systems. Further details
of the systems can be found in O'Conaill, Whittaker, and Wilbur (1993).
. We then present some conversational features that are important to com-
: munication. For each of these features, we derive predictions about how
“they will differ in the two videoconferencing systems as a result of their
: differem channel properties.

tve of fture systems. It uses an analsoue
ative of future systems. It uses an analogue

“ISDN System (ISDN)

“"This system is located at Hewlett Packard Laboratories, Bristol, and the
“majorily of the transmissions are to the United States, The available band-
“width after rate adaptation to the United States is 112 kbps (kilobits per
:second) of which 16 kbps is used for audio, 90 kbps for video transmission,
ication between codecs. Due to compres

and the remainder for comm

“and propagation delays, the lag between a person on one site speaking and
‘the signal arriving at the other site can vary between 410 and 780 msec,
depending on the propagation route. The audio channel is half-duplex, so
the yoice of only one person can be transmitted at any time. This is necessary
“'to eliminate problems caused by echo or feedback when the sound from the
- loudspeaker is picked up by the microphone and retransmitted across the
-line. The conference room contains a table at which three people can sit
“comfortably. A 26-inch monitor displays the live picture of the remote
‘Tocation. If the user is looking at the monitor it appears at the remote
“ location almost as though the user is looking into the carera. However, the

- distance and the video quality make eye gaze and head movements unclear.

LiveNet (LN)

LiveNet is the London Interactive Video Education Network, which is used
for intercollegiate lectures, seminars, and meetings over distances of up

to 42 km. LiveNet is an analog system with the sites connected by a pair
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of optical fibers each carrying four full-bandwidth video channels. The
Fesult is a full motion picture with none of the frozen picture motion that
is associated with some digital video systems. As there is no video or audio
processing, the tme lag is simply the propagation time at the speed of
light. Delays can therelore be measured in microseconds. The audio sub-
system is full-duplex. The rooms used are typically lecture theaters or
seminar rooms in which the participants sit at a table and face a set of
four 20-inch monitors and a CCD camera. Where four or fewer sites are
being connected, the sites are shown in full on the four monitors in front
of the participants. If more sites wish to take part, a system called chairman’s
control is used. The sites are shown in a “picture in picture” format in
quadrants on the monitors. The chairman of the session chooses and
displays the active speaking site on a full monitor. The broadcast-quality
video means that head movements arc easily discernible.

Face-to-Face Meetings .
The face-loface meetings took place in the conference rooms available
on site at Hewlett Packard Lahoratories, Bristol. The room layouts were
very similar to the one containing the ISDN systern. Participants sat around
tables approximately 6 feet long and 4 feet wide. Documents were shared
by passing them around the table. An overhead projector was available
but was not used in the meetings we observed.

REDICTIONS

Our focus is on aspects of conversation concerned with speaker transitions,
an issue that has been addressed extensively in the conversation analysis
literature (Jefferson, 1987; Sacks, Schegloff, & Jefferson, 1974}. Howcver,
our definitions of the techniques speakers and listeners use to transfer the
floor are different from this literature, Our aim was to study both codable
and replicable aspects of such transitions. The data were transcribed using
a simplified version of the system developed by Jefferson (Atkinson &
Heritage, 1984; Jefferson, 1987). We did not code the phonetic information
such as prosodic turn-switching cues. Examples are shown using the tran-

The following ex

tract shows some of the

SNOWS SGIMC Of tno convenuons

B
0
s

in use and is followed by a glossary of the symbols.

A: So i’s it's moving to Italy ahm and ah we’re not ah we I got a thing
B:  {bet they) get lost on the way (.) [( )

A; [we’ve got some market stuff which
eh
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B: Oh [yes

A [Tim I [ga I gave to Timmy oh it’s circulating is
it yeah [it seerned it was=

B: [it’s circulating

B: e

A:  =quite interesting ah

—

A single left square bracket indicates the point of overlap
Equal signs at the end of one line and the beginning of the
next indicate no gap between the two lines

{.) A dot in parentheses indicates a tiny gap within or between
utterances

i

[ Empty parentheses indicate the transcriber’s inability to hear
what was said

(word) Parenthesized words are especially dubious hearings

(( )} Doubled parentheses contain transcribers’ descriptions

Fromn the descripiions of ihe iwo videoconferencing systems we can see
that their channel properties differ from the face-to-face condition. The
ISDN system introduces a transmission lag of between 410 and 780 msec.
for both audio and video, and a half:duplex {one-way) line for audio. In
addition, both the LN and ISDN systems allow only limited visual cues,
reducing the multimodal quality of the conversation. Both have relatively
fixed camera angles, and in ISDN the picture quality is poor and subject
1o jitter and occasional frame loss. How might we expect these differences
to impact the nature of communication over the two systems? Table 6.1
summarizes our expected findings for a number of spoken conversational
characteristics. We now discuss how we arrived at these predictions.

Backchannels

Communication is a joint activity that requires coordination of both process
and content (Clark & Brennan, 1990; Clark & Witkes-Gibbs, 1986; Whit-
taker, 1992). To allow this coordination to take place, conversation is both
incremental and interactive. The speaker delivers utterances incrementally,

track, by giving both short feedback utterances and visual feedback in the
form of head nods and eye gaze. This positive concurrent feedback is
called backchanneling and serves several functions including attention,
support, or acceptance of the speaker’s message. For the purposc of this
study only auditory backchannels were measured and not head nods or
gaze behavior,
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TABLE 6.1
. Expected Characteristics Relative to Face-to-Face Interaction

for the Two Videoconferencing Technol
ford IWO ViGesoonierending tecnnGi

ISDN LN
Backchannels Fewer Same
Interruptions Fewer Same
Overlaps ) Same
Handovers Moie Sarne
Turn size Larger Same
Dominance More Same

In face-to-face interaction, backchannels are produced by the listeners
concurrently with, or directly after, speaker input. However, in ISDN the
audio channel is halt-duplex, and there is a substantial transmission lag.
This means that at the remote location the backchannel will not be com-
current with or directly follow the material it is intended to reinforce. This
serves to reduce its communicative impact. More significantly, it fnay dis-
rupt the speaker at the remote location by its late arrival. In addition, the
half-duplex line means either (a) the backchannel is suppressed altogether,
or (h) it takes the audio channel from the remote speaker, so that infor-
mation generated at the remote location is not received locally, All these
factors should lead to fewer backchannels in ISDN. In contrast, in the LN
system the audio channel is full-duplex and transmission nearly instanta-
neous. This allows both concurrent and timely backchannels to be deliv-
ered. In LN, therefore, we expect backchannels to occur as frequently as
in face-to-face interaction.

Interruptions

Interruptions are often associated with simultaneous speech. However,
simultaneous speech can arise for a number of different reasons (Levinson,
1983). We distinguish between two different classes of simultaneous speech:
(a) overlaps—those instances where there was a clearly identifiable reason
why the next speaker should have broken into the current speaker’s ut-
terance, for example, where two speakers attempt to gain the floor simul-
taneously; and (b) interruptions—those instances of where there was no

next sneaker to have hrakan i e ey
next speaker to have broken into the current utte

such reason for th

We begin by discussing interruptions. We defined interruptions as those
instances of simultaneous speech where there is no indication by the first
speaker that they are about to relinquish the conversational {loor. As such,
they are deliberate attempts to gain the conversational floor without the
prior consent of the current speaker. Here is an FTF example of an in-
terruption:

e,
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A: my worry would [be my worry would be that

B: [No I don’t I don’t I'm not saying this person has to
have

The same predictions hold here as for backchannels. In ISDN, with
half-duplex and transmission lags in audio, we should witness reduced
attempts to interrupt the speaker. The half-duplex line means that either
interruptions are highly disruptive, in that they take the channel and mask
whatever the speaker is saying, or they are suppressed and never transmitted
to the remote location. In addition, the transmission lag may mean that
by the time the interruption arrives at the remote location, the speaker
has already gone beyond the relevant material. This can lead to further
disruptions, for example, if the interruption deletes material that then has
to be repeated, and turn-taking reestablished. In contrast, we expect that
in LN, with full-duplex audio and almost zero lag, the interruptions will
be much easier to achieve successfully. They can be delivered in overlap
with the speaker, and the absence of lag means that the conversation has
not moved on by the time they are transmitted. We therefore predict an

r-mnv'ﬁr\nr number of int Mpt_ogs in I.N ag in FTF.

Overlaps

Overlaps are instances of simultaneous speech that follow a signal the
speaker gives indicating that the speaker intends to relinquish the conver-
sational floor (Levinson, 1983). We made predictions for three different

types of nvPrlanc p"’t}F‘CL‘OL’l/Cem nletions, floorholdin, 1g, and simu

starts.

Projection/Completion. This type of overlap occurs when the next speaker
anticipates that the current speaker is about to finish, or tries to help the
“forward movement” of an ongoing utterance (Clark & Wilkes-Gibbs, 1986,
Clark & Schaefer, 1989). In predicting the possible finish by the current
speaker, the next speaker may recognize that the message of the current
speaker is semantically complete, although the speaker may continue. The
next speaker may then begin to speak over the redundant part of the
original speaker’s message. Overlaps may also occur when the next speaker
attempts to complete an u

the current speaker

A: ahm how the work {ho how how it works=

B: {pans out

A: =with [how the work pans out between the people
B: [pans out
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We expected fewer projections overall in ISDN, because deliberate attempts
to complete or overlap the end of the current speaker’s turn may cither
delete the relevant material, or arrive at the remote location after the
speaker has already finished their turn. In LN we expected equivalent
numnibers of projections as in face-to-face interaction, because low-lag full-
duplex audio should support this type of intervention.

Floorholding. This occurs when the next speaker tries Lo take the floor
while the current speaker attempts to hold the floor while producing
utterances that do not contain any information (Jefferson, 1984). Examples
of floorholding can range from self-repetitions to function word repetition
(“so...s0"):

A:  that’s not true you is it you could have an annotation which can either
be a structured annotation or a free text annotation
[so [so .

B:  [some but [somebody has gol to own the interface the top level inter-
face=

We expected less floorholding in ISDN, because of adjustments by both
speakers and listeners. Speakers should be less likely to hold the floor
because they want to avoid the disruptive effects of the half-duplex line
on simultaneous speech, in deleting one speaker. Listeners should avoid
trying to seize the floor for the same reason. There should be no such
constraints with LN, where floorholding should be possible without such

Aiaraaeis offn
aisruptve ciicots.

Simultaneous Starts. ‘These occur when wo or more speakers compete
for the floor when the previous speaker has just finished. In some instances
this may include an attempt by the original speaker to resume, This can
happen when the original speaker vields the floor and after some time
has elapsed believes there to be no contenders and so begins a new turn
(Sacks et al., 1974},

In ISDN, we should expect more simultaneous starts because of the
problems that participants have in timing speaker switches. Because of the
]nq, and the desire not to overlap the end of the prevmus spea[\el s turn,
to ensure that the prdKEr has
ﬁmshcd Given the slow response, the original speaker may assume that no
other person wants to speak and may then begin to speak again. Meanwhile
at the remote location another participant may have already begun to speak.
This situation conspires to produce simultancous starts in ISDN. The
situation is different in LN where low lag times and full duplex should allow
equivalent numbers of simultancous starts as in face-toface interaction.

ucuuclau:ly wait to 1¢
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Overall we expect LN to result in the same number of overlapping speech
acts given the similarity of the audio properties to FTF. For ISDN, we have
different predictions for each of the subtypes of overlapping speech.

Explicit Handovers

Turn-taking is central to the process of conversation. There are a number
of intonational, syntactic, pragmatic, and nonverbal devices that speakers
use to indicate that they are about to finish their conversational turn. We
identified three verbal devices used by speakers to indicate that they intend
to relinquish the floor: (a} the use of questions; (b) tagging, using stereo-
typed questions such as “isn’t it?,” “arent they?,” or statements such as “you
know,” or by the addition of redundant information on the end of a turn,
for example,

A: ... ahm now I don’t have I don’t have a problem with that at all but
it but it wouldn’t it would not mean that we have at any one point one
interface you know it would just be [you know

and finally (c) naming the next speaker (Levinson, 1983 Sacks et al,
1974).

We expected that given the timing and concurrency problems in ISDN,
speakers would be much more likely to explicitly signal that they had
finished their turn. We therefore expected more instances of questions,
tagging, and naming of the next speaker. This should not be true in LN,
where speaker switching should be unproblematic, and explicit handovers
unnecessary.

Total Number of Turns and Turn Length

Turns are defined as attempts by speakers to gain the conversation floor.
We expected a number of factors to conspire to increase turn length in
ISDN. Where feedback, such as backchanneling, is absent or even delayed,
the speaker’s ability to formulate efficient messages is reduced (Krauss &
Bricker, 1967; Krauss & Fussell, 1990; Kraut, Lewis & Swezey, 1982). With-
out feedhack, speakers are unable 1o assume the message has been under-
stood; they may therefore attempt to clarify or reiterate points, sometimes
unnecessarily, 10 ensure that the listener has not misunderstood (Kraut et
al,, 1982). Absence or delay of feedback can therefore encourage the
speaker to take long turns (Krauss & Bricker, 1967; Oviatt & Cohen, 1991).
In addition, the difficulty in interrupting the speaker in ISDN would reduce
the number of “quickfire” interchanges. We therefore expected the ISDN
meetings to have more of the characteristics of formal presentations or
lectures where speakers deliver large amounts of material as an uninter-
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rupied monologue. In LN there should be no problems with rapid speaker
switching or quickfire exchanges, and turn number and length should be
comparable with face-to-face interaction.

Turn Distribution

Finally, we expected that turns would be unequa]ly distributed in the differ-
ent tﬁchnalﬁgles In face-to-face interaLuuu, all par uupdan in puuupu—:,
have equal access to the conversational floor, although there are external
factors such as knowledge and power that influence participation levels
(McGrath, 1984, 1990). In each videoconference, it is possible for people to
communicate with people at the local site (via standard face-to-face interac-
tion}, as well as with the remote site using the system. Given the difficulty of
interacting over ISDN, our informal observations suggested that groups
attempt to manage this problem by channeling their responses to the remote
location through one specific individual at each location. We therefore
expected that these local coordinators would dominate their groui:)’s contri-
butions: The overall distribution of turns would be unequal with these

individuals having more turns than the average group member, In contrast,

expected turns to be more evenly distributed in the LN meetings.

To summarize the preceding analysis and predictions, it can be seen
that certain critical features of face-to-face conversation depend on three
properties of the communication channels: (a) low-transmission lags—that
is, messages arc received almost instantaneously by listeners; (b) two-way
transmission—for example, feedback can be produced at the same time

as the speaker’s utterances; and {¢) multiple modaliies—that is, both

verbal and visual channels are used in synergy (Whittaker, 1992). We have
predicted how the channel limitations of the two systems will impact some
conversational features.

METHODOLOGY

Recording Method

The ISDN videoconferences were recorded by placing a video camera next
to the monitor and camera stack in the conference room. An additional
monitor displaying the remote participants was placed beneath the table at
which the participants sat. The video camera thus captured the local
participants, with the remote participants visible on the monitor under the
table. The stills screen was not monitored. The LiveNet meetings were
recorded at the central video switch site. The picture on each of the two

r
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quadrant monitors was recorded on to videotape. The face-to-face (FTF)
meetings were audiotaped. An observer was present at each meeting and
noted any events not picked up on tape.

The Meetings

Five ISDN videoconferences, four LiveNet (I N) meetings, and five face-to-
face meeﬁngs were recorded and aﬂaayZCU‘ All In(,(,ullgb were scheduled for
work-related reasons and were not arranged for the study. We attempted to
identify analogous groups and meetings for the three conditions. The
meetings were cooperative in nature, with their main function being to
exchange information. Secondary functions and activities such as problem
solving and idea generation also took place. The FTF and ISDN meetings
were Lo report progress where participants described the work that they had
recently been doing. In some cases this involved the demonstration of
software. These meetings centered around project teams with one or two
project managers being present. The LN meetings were technical discus-
sions between representatives from different colleges. Participants from the
various colleges gave updates on
their site.

In the majority of cases, the participants knew each other hefore the
meetings, although in a few of the videoconferences the people at either end
of the link had not all previously met face-to-face. We could not control for
certain parameters of familiarity: for example, participants at either end of
a videoconference link are likely to know each other better and have a
greater understanding of local work. Where possible, however, we tried to
reduce this problem by our choice of face-to-face meetings: Two of the
face-to-face meetings were between collaborators from the United States who
were visiting the United Kingdom, and therefore had litde day-to-day
contact. All participants were familiar with using videoconferences. As they
already had experience with the systems, we did not expect participants’

e develonments and nroor acde ar
¢ aeveiopments anG Progress maac at

conversational strategies to alier significanty du the meeiing. We
therefore did not analyze whether conversational behaviers changed in the
course of each meeting. .

In the FIF and ISDN conditions there was a mixture of agenda- and
non-agenda-based meetings. All the LN meetings were agenda-based. Both
the FTF and ISDN meetings had an average of six participants. For FIF
and ISDN, the smallest meeting had four participants, and the largest had
seven. The LN meetings were slightly larger. The largest had nine partici-
pants, one had eight, and the remainder seven, With the exception of one
meeting in which three sites took part, all the LN meetings took place
using four sites. The ISDN meetings took place between two sites. Typically
all meetings lasted between 1 and 2 his.
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_Analyzing the Data

A 20-min segment from the middie of cach meeting was transcribed in
detail. Fach segment was taken 20 min from the start of the meeting so
that differences in the opening sequences would not bias the results. For
the same reason the closing sequences were not analyzed. The data were
transcribed using the simplified version of the system developed by
Jefferson (Jefferson, 1987), described earlier. Sentences were transcribed
as they were spoken, including any syntactical errors. From these transcripts
measures were taken of the number of utterances, the number of words
per utterance, backchannels, interruptons, overlapping speech, and
handovers according to the definitions given earlier.

The transcripts did not replace the tapes for scoring purposes, but were
nducted a reliability analysis
with two judges independently scoring two meetings in each condition.
Both tried to identify every instance of backchannels, interruptions, over-
laps, and formal handovers. Reliability scores were measured using Cohen’s
coefficient of agreement for nominal scales (J. Cohen, 1960). These were
as follows: backchannels (.91), overlaps (.74), interruptions (.62), and hand-
overs (.92). We also compared reliability of coding across the three con-
ditions and found coding was most reliable for ISDN (.89} and LN (.88),
but slightly less reliable for face-to-face interaction (.79).

used in roniuneton with the anes We alen
used in conjunction with the tapes. We also

RESULTS
Overview

The following section summarizes the findings from the study. Where
differences are discussed, these differences are statistically significant.
Unless otherwise stated the differences were analyzed in a one-way analysis
of variance (ANOVA), and post-hoc ANOVA tests were subsequently
administered to make pairwise comparisons between the conditions
following the recommendations of Kirk (1982). All analyses apply to the
20-min segment we analyzed for each meeting and not to the whole
meeting, Table 6.2 summarizes our findings for the different spoken
characteristics across the three conditions.

Backchannels and Interruptions

Mean levels of backchanneling were low in ISDN compared with FTF (7.00
vs. 60.80), confirming our prediction that people in ISDN would avoid
backchannels. The following example shows why backchannels were
reduced in ISDN: Where backchannels do occur, their arrival at the remaote
location is delayed, which can lead to a disruption of the flow of the

4
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TABLE 6.2
Predicted and Actual Outcomes for the Spoken Characteristics in the
Two Videoconferencing Technologies Relative to Face-to-Face Interaction

ISDN LN
Prediction Actual FPrediction Actunl Iy P
Backchannels {mean Fewer Fewer Same Fewer 60.80 < .001
number) 7.00%5 30.500
Interruptions (mean Fewer Fewer Same Same 18.60 < 01
number) 1.40%* 13.00
Interruptions 0.20%* 1175 18.60 <.01
excluding channel
breaks
Overlaps (mean Same Same Same 10.1% ns.
percentage) 2 96% 12.3%
Projection/completion Fewer Fewer Same Same 75% < 01
2.9%*" 9.2%
Floor holding Fewer Fewer Same Fewer 13% < 01
0.0%" 0.6%"
Simuitaneous start More More Same More 10% < 01
6.7%"" 25%
Handovers (mean More More Same More 8.3% < 01
percentage) 30.8%" 21.2%"
Question More Same More 77% < 01
? 23.8%" 18.2%*
Tagging Same Same Same 08% ns,
? 4.3% 1.9%
Naming Same Same Same 04% < 05
? 27%" L.1%

“Significantly different from LN in posthoc ANOVA test,
*Significantly different from FTF in posthoc ANOVA test,

speaker. In this instance B responded with a backchannel to A’s comment,
“it would be interesting to see if ah we could marry that” Locally the
backchannel was p]aceél after the suggestion overlapping A’s “because.”
However, because of the lag, A does not receive the backchannel until
some words later leading him to hesitate (“ahh”}.

A portion of the interface that’s been put there it would be interesting
to see if ah we could marry that {because that was the intent of the
ahh an original interrogation=

B: [mm

We did not

AT :
P now

LN compared with FT’
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. following section. Again as predicted, interruptions were also signiﬁcantiy
lf'ss frequemm ISDN. In the face-to-face meetings, almost 10% of t
interruptions, compared with less than 2% in ISDN Th]s occurred desplte
technical reasons for interruptions in ISDN, producing line breaks with
consequent loss of audio and video for several hundred milliseconds. Many
of the interruptions in ISDN followed line breaks and represented requests
for a repetition of infoermation lost during a break of the channel. There
were fewer of these problems in LN and none in face-to-face, where the
majority of interruptions are to clarify what the speaker has said and not
requests for repetition. A second analysis, which removed interruptions
following line breaks, showed that there were large differences between the
media, with both face-to-face and LN having more interruptions than ISDN.

Overlapping Speech

Overlaps were analyzed in terms of their frequency per turn. This was to
allow for the fact that there were many fewer turns and speaker switches
in ISDN, and the chance of generating an overlap is clearly dependent
on the number of speaker transitions. The overall number of overlaps per
turn did not differ substanl:lallv However, the different types of overlaps
showed different distributions in the three conditions.

For projections we found, as we predicted, that there were differences
between the conditions with more overlaps following projections in the
face-to-face and LN media (7.3% FTF and 9.2% LN vs. 2.0% ISDN). The
combination of half duplex and lags seem to combine to reduce projections
in ISDN, with listeners avoiding overlapping speech even when this could
assist the speaker in composing their message.

We found that floorholding was much more frequent in face-to-face
than in either LN or ISDN {1.8% vs. .6% and 9%). The difference between
ISDN and FTF is explicable as a combination of speaker and listener
adaptations to lag and half- duplex Listeners try not to break in on current
speake‘ 3, and oyuu\ua uuuu,ulatmy atup Ldlmng when ulcv have nommg
further to say. The extent of this adaptation was that, strikingly, there were
no examples of floorholding in the ISDN meetings. Contrary to our ex-
pectations, however, was Lhe finding that floorholding was reduced in LN
compared with face-to-face. We provide possible explanations for this in
the Discussion section,

The picture was different for simultaneous starts. These can be regarded
as breakdowns in the process of speaker switching brought about by ISDN
lags. As predicted, they were much more likely in the ISDN medium than in
both LN and face-toface (6.7% vs. 2.5% and 1.0%). Additionally, when
turn-taking has been disrupted in this way it can be difficult for it to be
reestablished. Unlike the face-to-face situation where one spe?_ker dro?g aout,
itis usual in ISDN for both speakers to stop and then for one to be granted
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the floor either verbally by being told “go ahead” or v1sually by usmg hand
gestures. Where this does not occur, a second or third clash
the following ISDN example both speakers stop, then start again. Thm is
finally resolved by a third party telling the remote speaker to go ahead.

A the visual [appearance
[uh just out of curiosity wh

B:

A:  the appearance of [that
B [just out of curiosity what difference { )
C

go ahead

Explicit Handovers

We PICUILLEQ I.IldL \pCdKCIE would Lly 119 I("m("ﬂy ihe promem of speaker
transition in ISDN by explicitly handing over the floor. Again this was
measured in terms of frequency per turn because of the different numbers
of turns across conditions. As we predicted, there was a greater number of
each of these formal handovers in ISDN compared with FTF, (30.8% vs
8.8%), because of the need to explicitly manage speaker transitions. Con-
trary Lo our expeclations, however, we found the same overall pattern of
formal handovers in LN (21.2%) as in ISDN. Again we suggest possible
explanations in the Discussion section.

Further analysis of the different classes of handover indicated that hand-
overs u\ing direct questions were more frequent in both videoconferences
(23.8% ISDN, 18.2% LN, and 7.7% FTF). In the ISDN condition partici-
pants used questions at the end of long turns to encourage speaker tran-
sition, for example:

A:  there are only two possible choices either there is an inpu an input
file or there is none or rather either it is empty or not I it is if there
is data in it then the job runs correctly otherwise all the subsequent
steps test the condition code and if it is different from zero then they
don't run as simple as that any ah {{pause)) any counter indication
on your end?

Handovers by naming the nextspeaker were more frequent in ISDN than in
face-toface (2.7% vs .4%). LN (1.1%) was more like FTF. In some instances
names were used to address a question to a particular individual. Tagging
with questions such as “is that okay?” or “you know” or redundant informa-
tion was equally frequent in all media (4.3% ISDN, 1.9% LN, .8% FTF).

Turn Size

We predicted that the problems encountered in speaker transition, coupled

with listeners’ reluctance to interrupt or provide backchannels, would result

in longer turns in ISDN meetings. Table 6.3 shows the number of turns taken



122 O'CONAILL AND WHITTAKER

TABLE 6.3
Mean Number and Size of Turns Showing Levels
of Statistical Difference for the Three Conditions

ISDN LN FIF »
No. of turns per meeting 74.205 180.0 1992 <01
No. of words per meeting 32120 3,5295 3,386.8 ns.
No. of turns by participant 12,375 28.77 34.82 <01
No. of words by participant 535.3 4555 603.2 ns.
No. of words per turn 43,614 19.28 17.08 <.001
No. of words per turn not including 62.19%* 30 31.3 <001

turns of less than five words

“Significanty different from LN in posthoc ANOVA test.
“Significandy different from FTF in post-hoc ANOVA test.

and their average word length. Typically, the meetings held over ISDN were
characterized by fewer turns of greater length. There were significantly fewer
turns per participant in ISDN compared with LN and face-to-face. The
complementary result was that the number of words per turn was signiﬁ—
cantly greater in ISDN than in the other two media. It is possible that these
effects are due to the reduction of brief turns (such as backchannels) in
ISDN. To investigate this we repeated the analysis excluding all turns of less
than five words, but both effects were still present.

These differences in turn size were observed despite the fact that there
were no overall differences in the total number of words per meeting in
each condition. Although the total number of words remained constant

across conditions, the differences between the conditions lay in how the

words were distributed across turns. These results strongly support our
prediction that ISDN would produce a “lecture-like” interaction with speak-
ers holding the floor for lengthy uninterrupted monologues. In contrast,
in both LN and face-toface we see many more short turns with higher
frequency of interruptions and backchannels.

The following examples show typical interactions for ISDN and LN. The
first clearly shows the “lecture-like” style in ISDN. Here speakers supply
large amounts of uninterrupted information, with transitions often being
accompanied by pauses.

A

omparing preop-
erative waves with wnth the actua] interoperative ones they're lookmg
at what the guy was like before they did anything to him to what he’s
like now ahm and s kind of you know they sort of look at this thing
and they sort of say its its a bit different isn’t it type of thing and your
thinking yeah it is I suppose and and then they sort of say well actually
T think T'll tell him but 11 don’t quite | don't I haven't quite got a grip
on what the algorithm was they were sort of saying well it looks similar
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and look its sort of kind of moved that that way 2 bit ahm and that’s
how they were doing delays it was it was very approximate. {(pause))

B:  Yeah I mean the two things that they seem to be looking at predomi-
nantly are latency over the preoperative signal and also some charac-
teristics which we couldn’t fathom which were like the shape of the
waves you know something to do with peaks and you know like when
they hit or you know how their characteristics changed and you know
in some way that related to ahm you know the pardecular nerve that
was being tested but . . .

In contrast, LN, like FTF, has many more short turns with conversational
exchanges being incremental and interactive.

A:  Is there any significant difference?

B: ahm there was a problem there was a mouse problem on two point
one which occurred intermittently

A: I’s a bug fix

B:  yes yes

A: Not a new functionality

B: I don’t think so no There’s also a new version of of meta software
(Etches) available
A: yes I know
Turn Distribution

Finally, we expected that the different conditions would lead to unequal
distribution of turns between participants. We expected that in ISDN, given
the problems of managing the channel, participants would rely on two
people (“chairpeople™), one at either end of the link, to manage interactions
across the connecting link, and they would direct their responses through
these people. However, when we examined the data for dominance by two
speakers this was not the case (see Table 6.4). We measured the number of
turns that were produced by the two most frequent speakers in the three con-
ditions. However, there was no overall difference either in the percentage
of turns taken by these people or in the number of words that they spoke.
We also investigated whether ISDN served to exclude certain speakers: the
fact that they were less able to interrupt might prevent participants who are
not chairpeople from having the opportunity to speak. Again this hypothesis
was not born out by our results. There were no differences in the number of
words and the number of tums for the two people who spoke least. This
result is interesting because it runs contrary to the perceptions of the people
uqmo’ ISDN and LN. Thf'v report fmﬂmcr hoth that certain P r
able to dominate the meeunq and that others are less able to contribute to it.
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TABLE 6.4
Normalized Mean Percentage of Turns and Words Spoken
by Most and Least Frequent Speakers, Showing Levels
of Statistical Difference for the Three Conditions

T ISDN LN FIF b

Turns taken by the two most frequent

speakers/total turns 66.84% 58.48% 73.45% ns.
Turns taken by two least frequent

speakers/total turns 8.28% 2.29% 10.56% ns.
Words spoken by two most frequent

speakers/iotal words 78.10% 70.76% 76.58% ns
Words spoken by two least dominant

speakers/total words 5.24% 1.38% 11.6% ns.
DISCUSSION

Consistent with our predictions, our results showed that compared with
FTF, spoken conversation patterns are dlsrupted over ISDN with its half-

duplex line, tmnsmission lags, and poor quality image:

« Listeners produce fewer backchannels and interrupt less.

« Listeners are also less likely to anticipate turn endings, and hence
complete speaker utterances,

Speakers also alter their behavior, being more likely to hand over
turns formally using a question or naming the next speaker. They are
also less likely to hold the floor with redundant phrases.

The result of listeners reducing interruptions and speaker feedback,
combined with the general difficulty of switching speakers, is a formal
“lecture” style of interaction, with long turns, handed over by a very
deliberate process.

.

Our theoretical claim is that these findings result from the properties of
the communication channels disrupting basic communication processes.
Face-to-face interaction has full-duplex, almost instantaneous transmission
of audio as well as high-quality visual information. When these channel
properties are changed to those of the ISDN system, we produce a style of
interaction that is lecture-like and lacks spontaneity. These findings are
supported by other studies of systems with lagged audio (K. Cohen, 1982
Isaacs & Tang, 1993). Listeners in ISDN seem to be more polite, waiting for
a pause or for a speaker to finish before making their conversational
contribution.

However, a comparison of LN and FTF, contrary to our expectations, also
demonstrated differences. Despite having a full-duplex line, immediate
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transmission, and broadcast-quality image, the properties of the spoken
comrmunication still differed from face-toface interaction in the fol
ways:

« Although listeners interrupt as frequently as in FIF, they are less likely
to give backchannels.

e Speakers use questions to formally hand over the floor more fre-
quently, and they are also less likely to hold the conversation floor
with redundant information.

Thus, although LN was similar to FTF it was still characterized by highly
formal conversational behaviors. How can we explain these ﬁndings> The
argument that lagged half-duplex audio and poor-quality video are solely
responsible for communication disruption can no longer hold true. If
these channel properties underlie all the communication disruptions we
observed, then we should have seen no difference between LN and face-
toface. In fact we did observe differences between LN and face-toface.
This suggests that other channel properties are also critical here, and the
account should be extended to include these properties and the conver-
sation features they impact.

What arc these other channel properties and how could they affect
conversation? ISDN and LN both have nondirectional audio and video:
In both, sound and vision originate from a restricted number of sources,
that is, one or two monitors and loudspeakers. This contrasts with FTF
where sound and visual behavior are directional, because they emanate
from the different participants. In FTF, head turning, eye gaze, and local-
ized sound may be used to support the speaker switching process (Duncan,
1972; Kendon, 1967). The absence of such cues in ISDN and LN may
explain the reduced floorholding and more explicit handovers. Speakers
are forced to be more verbally explicit in managing intended spcakcr

eve oa7e ndicata
ot use cues such as eye gaze to indicate

the next bpedkcl‘ Recent research on directional audio and video attempts
to test this hypothesis (Mantei et al.,, 1991; Sellen, 1992, 1995). Sellen
(1992) directly addressed the impact of directionality on conversations in
video conferencing systems. Few objective benefits were found, though this
may have been due to the small size of the screens. Further exploration
of this area is required.

We also need to refine our explanations of ISDN in the light of the
unexpected differences between LN and FTF. Which disruptions of commu-
nication were exclusively due to ISDN channel properties? Comparison of
ISDN and LN enables us to determine this. ISDN differed from LN for
backchannels, interruptions, projections, simultaneous starts, and turn
One explanation here is that the channel properties of ISDN reduced

ze.
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listener participation. It prevented listeners from indicating assent or dissent
and caused them to wait for the original speaker to finish before taking the
floor. The effect of reduced listener participation is to decrease the total
number of speaker switches and hence the overall number of turns. We did
not, hewever, isolate whether audio lag, half-duplex audio, or visual quality
was mainly responsible for these disruptions in ISDN. This was becausc we
attempted to gather data for real systems for which these properties were not
imdependent. Other laboratory work should be done to confirm which of
the channel properties of the ISDN system was most disruptive of these
conversation features. Currently we cannot rule out any of these channel
properties, and other research has independently shown that removing
visual cues, lags, and half-duplex audio can all independently produce these
types of effects (K. Cohen, 1982; Krauss & Bricker, 1967; Rutter & Stephen-
son, 1977; Tang & Isaacs, 1993; Whittaker, 1995b; Wolf, 1982).

Turning to more subjective results, are participants aware of differences
between the different media? Our interviews with users and informal
observations suggest they are. When interviewed, people stated that video-
conferences involved more “effort.” For example, participants complained
about the difficulty of assuming control of the conversation in both video-
conferencing media. One participant reported for ISDN: “I have the feeling
that Iwant to say something, but there’sno o pportunity tospeak. Then when
the opporfunity does arise, I don’t take it because my comment often isn’t
relevant anymore.” Other people exploited the problems of speaker switch-
ing to their advantage: One LN user acknowledged the greater formality of
LN mectings compared with face-toface but said that she sometimes
exploited this to hold the channel for longer periods. On the other hand,
despite the problems with the videoconferencing systems, people preferred
these to audioconferencing. The main stated advantages of videoconferenc-
ing were knowing who was at the remote location and knowing who was
speaking, notwithstanding the poor image quality in ISDN., Another stated
advantage was the fecling of “not talking into a void.” Finally our users had
clear ideas about the limitat
that they found it appropriate for only certain types of meeting such as
information exchange or project updates.

ons ef ISDN for certain tasks: They commented

CONCLUSIONS

This method aimed to show how the nature of communication was affected
by the channel properties in VMC systems. Previous research has explained
the characteristics of videoconferencing in terms of concepts that are dif-
ficult to operationalize such as “social presence” (Shortetal., 1976), “media
richness” (Daft & Lengel, 1984), or “cuelessness” (Rutter & Robinson,
1981). We aimed to quantify these characteristics to allow replication and

6. CHARACTERIZING, PREDICTING, AND MEASURING VMC 127

comparison of results with other similar studies. We argue that high-level
phenomena such as “cuelessness” and lack of “social presence” are expli-
cable in terms of disruptions in basic conversational processes, such as lack
of support for backchannels or interruptions. These disruptions result from
definable characteristics of communication channels, such as lags and half-
duplex audio. In turn, we argue that “media richness” can be defined in
terms of the set of conversational processes supported by a given medium
and derived from the channel properties of that medium.

Other work has shown that the structure and conduct of mediated
communication is critically dependent on the properties of the commu-
nication channels (Whittaker, Brennan, & Clark, 1991; Whittaker, 1992).
Using a framework based on face-toface communication and examining
how the channel properties in mediated communication differ from it, we
have been able to generate and test predictions about how lags, half-duplex
audio, and poor-quality video information would disrupt specific aspects
of communication. In doing so, the study contributes to a developing
theory of mediated communication.

The results from this study also add to our practical knowledge about
the nature of VMC. Many potential explanations have been suggested for
the failure of videoconferencing to gain widespread acceptance, including
cost, incorrect marketing, and the questionable value of a video channel.
However, there have been few detailed empirical studies of the actual
communication. Our results generate practical implications for the im-
provement of video technology.

First, we can draw implicadons about the kinds of tasks for which the
current ISDN quality videoconferencing is appropriate. The “lecture-ike”
character and the inability to support quickiire exchanges may mean that
ISDN is unsuitable for tasks such as conflict resolution, planning, or ne-
gotiation, where the ambiguity of the information and the requirement
for rapid clarification and feedback are critical for the success of the in-
teraction (Dafl & Lengel, 1984; Whittaker, 1992). If ISDN cannot effectively
support these tasks, this may contribute to the lack of success of this quality
of videoconferencing. It may be that future remote collaborators have to
choose media appropriate to the task at hand and ensure that certain
types of task, such as conflict resolution and negotiation, are resolved in

face-to-face situations.
Fr

tech

full-duplex channels will lead to improvements in communication, as evi-
denced by the superiority of LN over ISDN. This suggests that we should
continue to work on high-speed wide-area networks and compression tech-
nology to reduce the disruptions to communication described earlier. How-
ever, the LN results also suggest that improving these properties alone witl
not exactly reproduce face-to-face interaction. Perhaps the implementation
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of directional audio and video might address the outstanding differences
between LN and FTF {Sellen, 1992). Other technical improvements might
follow from the comments and suggestions of the users of such systems.
In interviews the users of ISDN and LN suggested providing remote audio
and video controls, so that remote participants are able to choose what
they want to see and hear rather than have these choices made for them.
‘They also suggested the use of several monitors to enable one monitor (o

be used to provide a high-quality image of the speaker or object of interest,
and other monitors could then present lower quality panoramic images
of other remote participants for visual context.

However, there are some limitations to the method we describe here.
An inherent problem is that it does not compare the effectiveness of the
different communication modes as laboratory studies have done (Chapanis,
1975; Morley & Stephenson, 1969, 1970, 1977; Wichman, 1970). With
reallife meetings, it is not clear what is an appropriate objective measure
of successful communication, nor how we can easily compare the success
of the different mectings. Other work suggests, however, that the types of
communication characteristics measured here have implications for task
outcomes. Laboratory studies have shown that lack of support for interac-
tive processes such as backchannels and interriptions has effects on out-
come measures such as time to solution and participants’ understanding
(Kraut et al., 1982; Oviatt & Cohen, 1991). We have also suggested that
in the future collaborators may choose appropriate media for different
tasks. Naturalistic studies of remote collaborators who are using multiple
media would be more appropriate than our current method in determining

how pecple currently allocate media to commu

cation tasks, and more
theoretical work might help to specify the relationship between commu-
nication task requirements and the basic communication processes that
are needed to support them.

Another hypothesis that is not addressed by this method is whether
media differences result in changes in the content of conversation across
different media. It has been suggested that video-mediated meetings are
more task focused and as a consequence save time for participants (Jo
hansen, 1984; Short et al. 1976; Rutter & Robinson, 1981). This work
cannot support or refute such a hypothesis.

It is also important to note that users’ subjective reactions to the tech-
nology and the conversations it supported did not the objective
aspects of communication we measured here. For example, although our
users had strong perceptions that the meetings were dominated by a few
speakers, our measures of conversational characteristics did not support
this. Similar discrepancies between subjective and objective measures have
been found elsewhere (Sellen, 1992, 1995; Tang & Isaacs, 1993; Isaacs &
Tang, chapter 9, this voiume), and future work needs to explain these
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differences. Another area that we have not explored is the alternative uses
of video technology. Elsewhere an alternative application of video in the
form of “video as data” is presented (Nardi et al., chapter 23, this volume;
Nardi et al., in press; Whittaker, 1995a, 1995b). This work suggests that in
some environments, it may be better to transmit pictures of the work itself
rather than of the participants who are carrying out the work. Further
applications can be seen in the area of “open distributed offices” where
video is used to provide background awareness rather than as a direct
communication channel (Fish, Kraut, Root, & Rice, 1992; Harrison et al.,
chapter 13, this volume). Methods that support these type of investigations
are presented elsewhere in this book.

Finally, some practical difficulties in applying this method should be
noted. Because of the detailed nature of the analysis, the method is a
time-consuming one. Analysis must be carried out on each verbal utterance,
determining its origin, function, and timing. There have been some at-
tempts to automate this process using recording systems that can time
utterances and determine if they were uttered in overlap and so forth (K.
Cohen, 1982; Scllen, 1992). However, as we have seen, a single measured
feature of speech may arise for multiple conversational reasons: For ex-
ample, speech delivered in overlap may arise for one of several reasons
and gross measures will not capture these differences. It is likely even
where automated analysis is used that additional manual measures will
need to be undertaken.

Nevertheless, the method has useful practical and theoretical implica-
tions. By quantifying the different conversational characteristics of different
mediated communication systems, we have been able o identify critical
interaction processes that are compromised by systein properties. We have
therefore been able to suggest how system redesign might improve these
processes. In addition, we have been able to refine theoretical terminology
such as “cuelessness” and “media richness” to identify and predict meas-
urable characteristics of conversation that are affected when conversation
is mediated. This allows replicability and comparison of results with other
similar studies {e.g., K. Cohen, 1982; Isaacs & Tang, 1993, and chapter 9,
this volume; Sellen, 1992, 1995},
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In ihis chapter we report the results of jour studies of collaborative problem
solving supported by various forms of video-mediated ication {VMC).
We analyze task outcome, the process of communication, and the user’s reactions
io the technologies with similar dala obtained from fuse-to-fuce interactions.
VMC was not found to deliver all the advantages observed for faceto-face
interactions. The possible reasons for this are explored, as well as the implications
of the data for evaluation techniques.
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. INTRODUCTION

Previous research on the impact of VMC on collaborative tasks has produced
mixed findings. Whether or not seeing one’s partner has an effect on
performance seems to be highly dependent on the type of task. Reviews of
the literature report litle benefit in seeing one’s partner in collaborative
problem=solving tasks, whereas other studies suggest that the visual channel
is of benefit for more “social” tasks, such as negotiation or bargaining
(Williams, 1977). Other reviews report equally mixed findings with respect
to the impact of VMC on communicative processes (Sellen, 1995). One of
the problems with much of the research is that studies comparing video-me-
diated or face-to-face interactions with audio-only conditions have tended to
focus on one or two measures in isolation—for example, task outcome
(Chapanis, 1975; Short, Williams, & Christie, 1976; Williams, 1977), or
structural aspects of the communicative process such as turn-taking (O’ Con-
naill, Whittaker, & Wilbur, 1998; Sellen, 1992), or user satisfaction (Tang &
Isaacs, 1993). However, as writers such as Monk et al. (1996) have argued, a
multidimensional approach to the evaluation of VMC is likely to be more
informative about the relative benefits of this technelogy. Such an approach
has also been adopted by researchers such as Olson et al. (Olson, Olson,
Carter, & Storrosten, 1992; Olson, Olson, Storrgsten, & Carter, 1993) and
Strauss and McGrath (1994). We need to understand the refationship
between these variables in order to get a clearer picture of how technology
mediates communication and collaboration. In this chapter we describe a
number of studies we have conducted on the impact of VMC on collaborative
problem solving where we adopt such an approach, exploring the effect of
such technologies on task outcome, on the process of communication, and,
in later studies, on user satisfaction.

GENERAL APPROACH

We explore the performance of users on two coilaborative problem-solving
tasks: the Map Task (Brown, Anderson, Yule, & Shillcock, 1984} and the
Travel Game {Anderson, Mullin, Newlands, Doherty-Sneddon, & Fleming,
1994). In the Map Task participants collaborate to complete a map route as
accurately as possible. In the Travel Game the participants are engaged in
planning an itinerary around the United States. Their goal is to visit as many
destinations as possible given the restrictions imposed by available connect-
ing flights. Both tasks produce objective measures of task success against
which the comresponding task dialogues can be compared. We use an
experimental approach when conducting evaluation studies: We systemati-
cally compare the performance of users who attempt such tasks when the
system incorporates video technology or provides only an audic link. In

addition, we compare the performance of subjects who tackle the tasks when
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communicating face-toface or with only an audio link. As well as calculating
task success we also perform detailed analyses of the structure and content
of the task dialogues. This involves examining the lengths of the dialogues,
in turns and words, and examining how the process of turn-taking is
managed. For the Map Task, the content of the dialogue is analyzed in terms
of the pragmatic functions that the speakers are attempting to convey as the
dialogue progresses. This involves coding of all the commumicative behaviors
«
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attempted and how these are distributed across dialogues when speakers
communicate face-to-face, in VMC, or in audio-only conditions. We also
explore aspects of the nonverbal communication {gaze) on task.

For the Travel Game we examine the decision-making process and how
frequently “clients” change their plans and decisions. We examine the
lengths of the dialogues in the different conditions and the turn-taking
behavior of speakers. In the Travel Game we also conducta detailed posttask
questionnaire on aspects of user satisfaction with the task, communication,
and technology. We briefly report on four studies of the impact of VMC on
two different forms of collaborative problem solving. We compare face-to-
face and audio-only interactions with collaborations supported by high-and
low-bandwidth VMC and explore the effect of long-distance VMC across the
European Internet, These evaluation studies involved over 200 participants.
An overview of the comparisons made and the results obtained is shown in
Table 7.1

BACKGROUND: THE BENEFITS
OF FACE-TO-FACE INTERACTION

In earlier research on collaborative problem solving we had found that in
face-to-face interaction, participants needed to say significantly less to
achieve the same level of performance than in audio only conditions (Boyle,
1994}, This study is unusual in showing subtle but
significant benefits of the availahility of visual signals for collaborative
problem solving. Most earlier studies that focused only on task outcome
showed no advantage for face-to-face problem solving (Davis, 1971; Cha-
panis, Ochsman, Parrish, & Weeks, 1972; Williams, 1977). Only in tasks
involving conflict or negotiation was there some evidence of a benefit for
communication with visual contact (Morley & Stephenson, 1969; Short,
1974). The task we used in the study by Boyle et al. and in subsequent
explorations of video-mediated communication is a form of collaborative
problem solving known as the Map Task (Brown et al., 1984). Two partici-
pants each have a copy of a schematic map. One subject (the instruction
giver) has a route shown on her copy of the map and her task is to describe
this route so that the instruction follower can draw this on his copy of the
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derived from the work of Power (1979} and Houghton and Isard (1987),
< which proposed that a conversation proceeds through the accomplishment
of speakers’ goals and subgoals—with these dialogue units being called
conversational games. (For example, an instruction is accomplished via an
INSTRUCT game.) Conversational games analysis was developed to detail
patterns of pragmatic functions in Map Task dialogues. Utterances are
categorized according to the perceived conversational function that the

3 i H is involves talking severa! soiices o i
speaker intends to accomplish. This involves taking several sources of in-

formation into account: the semantic content of the utterance, the prosody
and intonational contour accompanying the utterance, and the utterance
location within the dialogue. So, for example, “Go right” could function
to instruct, to clicit feedback or to provide feedback depending upon its
dialogue context and intonation. Table 7.2 shows the full set of conversa-
tional games and their definitions. Two trained coders independently
coded the dialogues, and the interjudge agreement on a test sample pro-
duced a kappa value of .7, < .001. )

Which communicative functions differ between face-toface and audio-only
dialogues and underlie the efficiency benefits of face-to-face communica-
tion? This kind of analysis should be valuable for understanding the po-
tential impact of VMC. The analyses of face-to-face dialogues showed that
speakers check less often that their listener understands them (ATIGN}
or that they have understood their partner (CHECK) than in audio-only
interactions. There were significant increases in the frequency with which

TABLE 7.2
Six I'ypes of Games Found Necessary and Sufficient to Capture the
Speaker's Communicative Intentions in Coding Map Task Dialogues

INSTRUCT: Communicates a direct or indirect request for action or instruction.

CHECK: Listener checks their own understanding of a previous message or instruction
from their conversational partner, by requesting confirmation that the interpretation is
correct.

QUERY-YN: Yes-no question. A request for affirmation or negation r

ation about

ing new or

¢eking an interpretation

unmentioned M
of a previous message).

QUERY-W: An open-answer Wh-question. Requests more than affirmation or negation
regarding new information about some part of the task (not checking an interpretation
of a previous message).

EXPLAIN: Freely offered information regarding the task, not elicited by coparticipant.

ALIGN: Speaker confirms the listener’s understanding of a message or accom plishment
of some task; also checks attention, agreement, or readiness.
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speakers used ALIGN and CHECK games in audio-only conditions, with
these games occurring 50% and 28% more often, respectively. Where visual
signals are not available speakers do more verbal checking, whereas in
face-toface conversations nonverbal signals may be substituted (for a full
account of these data see Doherty-Sneddon et al., 1996).

Support for this idea comes from pilot analysis of gaze behavior. Two
judges coded 32 videotaped Map Task dialogues and noted each time a
speaker looked up at their parter. Interjudge agreement on a sample
dialogue was 97%. From detailed analysis of a sample of § facetoface
dialogues, it seems that gaze often scems to oceur in face-to-face interac-
tions at the same points in dialogue structure as additional verbal checking
occurs in audio-only dialogues, We are extending these initial observations
to elucidate the role of gaze in face-to-face interactions.

STUDY 1: VMC WITH THE MAP TASK

We investigated whether high-bandwidth VMC “videotunnels” (see Smith,
O’Shea, O'Mailey, Scanlon, & Taylor, 1991), could replicate the advantages
of face-toface interaction. The face-toface condition was replaced by a
high-resolution video link, which could be set to allow direct eye contact
between speakers and which included a full-duplex audio link, We com-
pared the impact of three conditions: VMC where participants could make
eye contact with their partner, VMC where eye contact was not possible,
and an audio-only condition, In all conditions the participants sat in sepa-
rate but adjacent rooms. The videotunnel apparatus is illustrated in Fig.
7.2. By altering the position of the camera, subjects are able to make direct
eye contact with each other in the eye contact condition. The condition
in which subjects could see each other via video but without making eye
contact was achieved by displacing the camera’s position so that each
subject was now looking slightly down on his or her pariner. Microphones
and speakers were arranged such that the direction of the sound was
roughly the same as the viewing angle.

Thirty=six pairs of undergraduates took part in this study. Participants
who knew one another were recruited, and each pair tackled three versions
of the Map Task, one in each of the conditions: VMG with eye contact,
VMC without eye contact, and audio-only communication. All orders of
presentation were counterbalanced. If VMC is to confer the benefits we
have observed for face-to-face interactions, then our high-quality VMC
condition where users can engage in eye contact should elicit similar com-
munication benefits over audio-only conditions as found in the study by
Boyle et al. We would expect task performance to be comparable across
conditions but task dialogues to be significantly shorter in the VMC plos
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FIG. 7.2. Nlusuation of the Videotunnel apparatus used in Shedy 1

eye contact condition. These efficiency gains should be derived from similar
changes in dialogue structure described earlier. As this study used a dif-
ferent subject pool, design, and locations, direct statistical comparisons
with the Boyle et al. study are not possible, but broad comparisons of the
patterns are made where appropriate.

Resulis

As we would predict, we found no difference in levels of task performance
obtained across conditions. We found, however, that dialogues from the
VMC with eye contact condition were significantly longer than dialogues
from the other two conditions, containing 11% more turns and 10% more
words than the other two conditions, which did not differ. A full account
of the results of performance and conversational analyses from this study
is given in Doherty-Sneddon et al. (1996). As the level of task performance
was the same, not only did VMC with eye contact not replicate the length
advantage of face-to-face communication, but it was significantly less effi-
cient. More speech was used to achieve the same level of nPrfnrmjnce as
in audx&only communication.

We used our system of dialogue analysis to explore these differences—in
particular, to compare the different ways that dialogues are structured in
face-toface, video-mediated, and audic-only conditions. We analyzed sample
dialogues from VMC to examine the distribution of conversational games
when visual signals are technologicaily mediated and compared these with
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the observed patierns from our analyses of face-to-face and audio-only
dialogues described earlier. Are there differences in dialogue structure that
explain the failure of VMC to deliver its expected benefits? How are
dialogues structured when the visual signals are technologically mediated?
Do speakers make the same adjustments to their dialogues in VMC?

To answer these questions, 34 dialogues, 11 from each VMCand 12 from
the audio-only conditions, were coded and compared. These formed a
representative sample of this corpus, as they were the first dialogues from
each pair of participants in the three conditions. The sample did not differ
from the complete corpus in performance or dialoguc length. Conversa-
tional game analysis showed only one significant difference between VMC
and audio only dialogues: There were significantly more ALIGN games in
audio-only than in either VMC conditions. So, as we would have predicted
from our analysis of face-to-face and audio-dialogues, speakers check that
their listener has understood what they are saying (ALIGN games) more
frequently when they only have an audio link than when visual signals are
available. In this respect VMC seems to deliver the same type of dialogue
benefit as face-to-face communication. VMC failed to deliver the other
advantage of face-to-face interaction: the significant reduction in the num-
ber of CHEGK games, where listeners check on their understanding of what
the speaker has just said. Even if the visual advantage is restricted in VMC,
why do speakers produce significantly longer dialogues? The conversational
games analysis showed no significant increase of any particular communica-
tive behavior; rather, there was a general increase in the amount of interac-
tion in VMC conditions that allowed eye contact between participants.

What was happening to cause these longer VMC interactions? Was there
something about large high-quality VLdeo images with eye contact that
encouraged greater interaction and hence more dialogue? To tackle this
question in a different way we explored the gaze behavior of speakers in
the sample of 22 game-coded VMC dialogues. Judges again assessed the
videotaped interactions and noted each occasion when a speaker looked
up at their partner. On a sample dialogue coded by both judges, interjudge
agreement on gaze was 92%. When we compared the amount of gazing
in VMC conditions, we found that there was significantly more gazing in
the eye contact possible condition, with on average 239 gazes per dialogue
compared to 144 where no eye contact was possible. As this rate of gazing
was more than double that recorded in face-toface interactions on the
Map Task, we conclude that VMC with eye contact may encourage partici-
pants to “overuse” the visual channel.

This level of gaze behavior is unusual for a collaborative task, and may
be counterproductive. In several previous studies, such as Goldman-Eisler
(1967) and Beattie (1981), it has been suggested that gaze may interfere

with Cogr mitive pr ULLsMng and 5pectn plannan So with the nlgn fevels of



142 ANDERSON ET AL.

gaze that we observed in these VMC plus eye contact dialogues, the benefits
" of having access to visual signals may be counterbalanced by users becoming
distracted by their partner’s face and so using significantly more speech
to achieve a comparable level of task success. It is possible that a novel
comimunicalive environment encourages users to explore and exploit its
capabilities and so elicits more gaze and hence more interacton. It would
be interesting to observe users over a period as they gained experience of

if s o rancient novelty facrar ar 2 more stahle
VMC to see if such effects are a transient novelty factor or a more stable

consequence of video-mediated interaction.

We also examined how turn-taking was managed in the different con-
ditions of the study. The total number of interruptions and the rate of
interruptions by turn was calculated for each dialogue. Video-mediated
dialogues contained more interruptions than those in the remote audio-
only condition. The same significant effects resulted even when the length
of the dialogues was controlled. This is somewhat surprising given the
finding reported in Boyle et al. (1994) that there aré significantly fewer
interruptions in face-to-face dialogues. When the relative interruption rates
are considered the pattern becomes less confusing. In VMC dialogues, on
average, K.6% of turns contained inr rnmnong gomngrcd to nniv 268Y% of
turns in the audio-only condition, whereas Boyle et al. repor ted interrup-
tion rates of 8.7% for face-to-face compared to 12% for audio-only inter-
actions. Remote interactions even between separate rooms seem to produce
a more formal and less interactive communicative style in general, which
VMC goes some way to ameliorate. When speakers are physically copresent
as in the Boyle et al. study, the dialogues are more interactive, with a
higher incidence of interrup
speakers to time their contributions somewhat more prec1scly and reduce
the incidence of overlapping speech. However, the interpretation of inter-
ruption data is difficult given the variability reported here and across other
studies in the literature.

One possible explanation might be that interruptions may reflect rather
different interactive dimensions in different communicative tasks. The
presence of visual signals may encourage a more interactive style of conver-
sation so that in social interactions this more relaxed communication will be
reflected in an increase in overlapping speech. In problem solving it may be
more important to synchronize contributions so that important information
is not obscured by frequent interruptions, in which case speakers may use
visual signals to help them avoid this sort of communicative problem.
Comparisons of the rates of interruptions across different types of dialogues
i contexts with and without visual clues might help to clarify such issues. It
must be remembered that interruption and overlap in dialogue are very
delicate phenomena, and it may be that different transcribing and coding

s in vr-n(‘ral bust visual mann]c may allow
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practices may cause some of the differences reported between studies in the
literature. It may be best to interpret interruption data with caution, and
more advisable Lo relate it to other observable dimensions of the communi-
cative process and task outcome.

In this study, the only added value of VMC seemed to be that speakers
feltable to engage in interaction more freely than in audio-only conditions.
High-quality VMC did not replicate all the benefits of face-to-face commu-
nication. As the effects on communication seemed to depend on the nature
of the VMC, such as whether eye contact was or was not possible, we next
explored the impact on users of attempting the same collaborative prob-
lem-solving task with a different type of VMC. We investigated whether
lower bandwidth video technology, as found in “off-the shelf” videophones,
offers advantages in collaborative interactions. One of the limitations of
such relatively inexpensive and accessible VMC is that the limited available
bandwidth results in delays in transmitting the video signal using current
compression technology. Do these technical limitations impact on users?
Does VMC offer benefits to task outcome or communication in such con-
ditions?

STUDY 2: EFFECTS OF DELAY

Twenty-four pairs of volunteers attempted our collaborative problem-solv-
ing task using different forms of communication technology. We compared
the effects on task performance and communication of collaboration
supported by high- or low-bandwidth VMC, with and without delay in the
video and audio signals. High-bandwidth VMG was provided by videotun-
nels, as described in Study 1, with direct eye contact possible between
speakers. Participants in this condition used a telephone audio link. This
represented the video/no delay condition. In the audic-only/no delay
condition subjects only had access Lo (he telephone link. In the video/delay
condition, participants used off-the-shelf videophones with an analog signal
that has a delay of approximately 500 msec, due to the limited bandwidth
and compression of the video signal. (The video and audio signals are
synchronized, which resules in approximately a half-sccond delay for the
whole message.) In the audic-only/delay condition the same system
videophone system was used but the video monitor was covered. As the
video “‘g al was still 1"‘}{‘3 sent even Llluusll wulﬂl scts could not see the
monitor, the audio signal was still delayed. Pairs of subjects, who were
familiar with each other, tackled two versions of the Map Task: one with
the video link and one in the audio-only condition. Pairs of participanis
were randomly assigned to the delay or no delay conditions. The orders
of presentation of conditions were counterbalanced.
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Results

When the lengths of dialogues were examined in the various conditions we
found nosignificant differences. The length advantage reported for face-to-
face communication in Boyle et al. (1994) again failed to emerge in VMC.
An analysis of task outcomes showed no difference in the success of pairs
attempting the task with or without visual signa_ls This is what we would have

predicted from our earlier studies. The surprising effect that emerged was

the impact of delay, which produced significantly poorer performances.
When the audio signal was delayed, performances were on average 36%
poorer than those in the no delay conditions. This decrement in perform-
ance was also present whensubjects could see and hear each other but where
there was a delay in both signals: The effect of delay did not interact with
visibility. Speakers using videophones performed no better than telephone
users where the same audio delay was involved and were 40% worse than
normal telephone users. Signal delay also affected turn-taking behavior,
causing a significant rise in the total number and the rate of interruptions
in dialogues, particularly in the videophone condition. When using video-
phones over 50% of a speaker’s turns were interrupted by the listener. When
telephones had a delayed audio signal, over 40% of turns contained
interruptions, whereas only 15% of turns had interruptions in the other
conditions. In other words, nearly three times as many interruptions oc-
curred in conversations where the audio signal was delayed. In comparison,
Boyle et al. report less than 9% of turns containing interruptions in
face-toface dialogues. Visibility was also found to affect turn- taking, with
significantly more interruptions in total and a trend toward a higher rate of
interruptions where speakers are visible. Visibility did not interact signifi-
cantly with delay in its effects on turn-taking. Speakers using videophones
interrupted on average 69 times per conversation, compared Lo 21 times in
normal telephone conversations, 56 times in telephone conversations with
audio delay, and 23 times in VMC with no delay.

We conclude that low-bandwidth VMC with a noticeable delay between
audio and video signals (even though they are synchronized) can have
adverse effects on collaboration and communication. This delay effect is
striking because of the impact on task performance. Most previous studies
show no effects on task outcome, but only in the subtler aspects of the
communication process. Delay seems to be a salient detrimental factor

that should be avoided in the design of communication sysieins.

In our studies to date we used an experimental procedure to evaluate
the effects of different communication modes. This involves a carefully
controlled laboratory task, where task difficulty is held constant across all
the conditions and different versions of the task can be presented to the
same subjects Lo track the effects of communicative context on the same

individuals. Although this has obvious advantages for detailed analysis of
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performance and communication, the tasks employed are necessarily con-
trived. In our next two studies we attempted to increase the similarity of
our experiments to real-world tasks where VMC might be used. To this
end we produced a new and more realistic task, the Travel Game, and
used a system incorporating video windows on large computer screens with
various shared tools, which is more like those in use or development in
nonlaboratory settings.

STUDY 3: VMC WITH THE TRAVEL GAME

In this task, participants plan an itinerary around the United States. They
compete for a cash prize for the best itinerary, which includes visits to the
most states and cites in the United States. Fach “tourist” has a map of the
United States, showing states and main airports, but has to communicate
with a “iravel agent” to obtain details of available flights and connections.
There is an objective measure of task success in terms of the number of
destinations involved, and the accompanying dialogue and user satisfaction
questionnaire provides a rich view of the impact of VMC on such a
collaboration.

The Travel Game was designed to elicit collaborative problem solving that
involved a more social dimension than the simple exchange of information
involved in the Map Task. This aim is reflected in the analysis of the
communication process. If visual signals are useful in establishing social
presence and have a greater impact on tasks involving negotiation, we might
expect that the extent to which “clients” felt at ease with the cornmunicative
situation would depend on the availability of visual contact with their
conversational partner. As well as including questions about such aspects in
our task questionnaire, we also attempted to identify features of the task
dialogues that might reflect such a difference. Travel Game clients have to
make a series of decisions about their travel plans based on the information
they have obtained from the travel agent. To optimize their itineraries they
might request a considerable amount of information from the travel agent,
who has to consult files to check on the details of available flight connections
for each request, We considered that the extent to which the client felt
comfortable in involving the travel agent in additional information searches
would depend in part on the degree of sociai presence in the communicative
setting, In face-to-face interaction we predicted the client would feel more
refaxed about making additional requests for input from the travel agent.
Where no visual contact was available to provide emotional/expressive cues
we predicted that such requests would be less common.

Undergraduate volunteers were assigned the role of client. They had
to communicate with the travel agent to access flight information required
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to plan their itinerary across the United States. Their goal was to visit as
4many cities and states as possible on an Airline Travel pass that has re-
strictions on lengths of stay in a single state and financial penalties for
changing airline or backtracking to an earlier destination. Twenty volun-
teers togk part in a comparison of face-to-face interaction and audio-only
conditions, where the information was presented on paper. Ten were ran-
domly assigned to each condition. In the second part of the study there

“ipants, and again each was randomly assigned to

one condition, attempting the task in cither video-mediated or audio-only
conditions.

In the computer conditions, users had an audio link, two shared screen
facilities, one a map of the United States, one a whiteboard where the
travel decisions were logged. Half the users also had a video link showing
the face of their partner in a 3.5 X 4.5-inch window. In the paper-and-pencil
cenditions participants tackled the task while communicating face-to-face,
or via an audio link between adjacent rooms. In paper-and-pencil condi-
tions both participants had a copy of a map of the United States showing
the major airports. The travel agent had the timetable of flight connections,
and the shared travel log, which was visible to both. For the VMC condi-
tions, the Travel Game was presented on two 20-inch color computer
monitors on a dedicated local area network (Fig. 7.3). The video image
refreshes at 4-5 frames per second. There was an audio link through
microphones and headphones, providing full-duplex sound.

The travel agent was a member of the research team familiar with the
multimedia communication tools, and had been instructed to work to a
loose script in her interactions with clients to ensure she was equally helpfut
to all clients. She was naive about the details of the expenmenta] hypothe~
ses. Her task was to provide information from standard files about the
availability of flight connections and timings and to log the clients’ itinerary
on the shared screen or notebook. Task performances were assessed by
the number of cities and states visited in the time limit for the session.
Minor changes were made to the rules of the Travel Game to ensure (hat
it could be completed within 15 min between the two parts of this study.
This means that the dialogues were shorter for transcription and analysis,
and that in subsequent studies participants could attempt more than one
version of the Travel Game task in a single session. We standardize for
length in the cross-condition comparisons described later.

When we compared the task performance data, no significant differences
emerged. Participants managed to visit just as many destinations in face-to-
face and audio-only conditions. In the computer-presented Travel Game the
itineraries did not differ when participants did or did not have a video link
to thc travcl agent Good lcvels of task out ved in all
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FIG. 7.3. Itustration of the Travel Game screen display.

ance was ge: Derall alfecter xt. {See Anderson et
al., 1994, for more de[al]s of this study.) 4 exammcd the lengths of
the dialogues in the different conditions. In the paper-and-pencil condi-
tions, we found that when the client and travel agent communicated
face-to-face, the travel agent used 22% fewer words than when they were
using an audio link between rooms. So the length advantage found in
face-todace interaction on the Map Task has been replicated in another
problem-solving task. When the dialogues from the computer conditions
were compared (with and without videolink), no differences were observed.
VMC again failed to deliver the efficiency gains of face-to-face interaction.
To explore the structure and the content of the task dialogues, two
types of analyses were conducted. Turn: -taking was examined by calculatin
the number and rates of interruptions in each dialogue. An analysis of
rates of interruptions across the four conditions showed a significant effect
of mediated communication. On average, speakers interrupted one an-
other less often in the second part of the study, where the task and com-
munication were computer mediated. There was no significant effect of
visual signais, but across the conditions the rate of interruptions rose from
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10.9% of turns containing an interruption in the video window condition,

12% in the computer condition without video link, 13.8% in the face-to-face
condition, to 14.5% in the audio-only condition. There was a significant
difference (< .05) between the ends of this distribution. The combination
of access to visual signals and the greater formality of mediated commu-
nication seemed to combine to reduce the incidence of overlapping speech.

We next wanted to explore the content of the clients’ contributions in
Travel Game in all the conditions of the study. Our dialogue analysis
in the Travel Game aimed at exploring the impact of visual signals on the
decision-making process. We assumed that in face-to-face communication
the greater sense of shared social presence would lead clients to be more
willing to engage the travel agent in extra searches and thus there would
be more optional changes of travel plans as clients sought to optimize
their itineraries. To test this hypothesis we looked at decision making in
each dialogue. We coded as optional or forced all the changes to the
planned itineraries made by clients. Forced changes were those that re-
sulted from the information provided by the travel agent, such as there
being no available flight connection between two cities. Optional changes

were those where the client decided on a new destination from choice

those where the ceqded on a Gestination ircin Cnoice,

for example, by revising an earlier part of their itinerary, asking for alter-

e

native possible destinations, or using the surcharge option in the rules of

the game to backtrack to a previous destination. All such optional changes
involve more work from the travel agent in terms of additional information
searches or alterations to the logged itinerary.

When the number of such forced and opticnal decision changes were
calculated, there were sig

cantly more optional changes in face-toface

than in audio-only interactions. Un average there were 6.6 optional changes
per dialogue in face-to-face interactions compared to 2.7 in the audio-only
condition. No such difference emerged in dialogues from video-window
and audio-only conditions. VMC again failed to deliver the same henefits
as face-toface interaction.

Was this because users were dissatisfied with the technology or felt
uncomfortable with task presentation or communication? We explored
such issues in a posttask questionnaire given to all participants. We asked
participants how easy it was to communicate with the travel agent, asking
for a choice from very easy to very difficult. The questionnaire showed
that in face-to-face interactions 90% of subjects felt that it was very easy
to communicate with the travel agent, compared with 50% of audic-only
participants. In the video-window condition again only 50% of participants
felt it was very easy to communicate, but surprisingly this rose to 80% in
the audio-only (computer-based) condition.

How easy was it to make changes to the planned itinerary? In face-to-face
communication 70% felt it was very easy compared to 20% in the audio-only
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condition. In the video-window condition 30% felt it was very easy to make
changes compared to 20% in the corresponding audio-only condition. We
asked participants to rate their satisfaction with the final outcome of the
consultation with the travel agent. In face-toface interactions 100% re-
ported that they were satisfied or very satisfied with the outcome, as did
90% in the audio-only condition. In the mediated conditions, user ratings
were again high with 80% in both conditions satisfied or very satisfied with
the outcome.

The questionnaire data provide some useful confirmation that the im-
pressions of users are largely in accord with the objective measures of
performance and communication. Although VMC users were satisfied with
their performance, and often commented on the appeal of the new tech-
nology, they felt slightly less at ease in the communication process than
those engaged in face-to-face interaction. VMC did not seem to generate
the same sense of social presence as face-to-face communication and indeed
showed no benefits over the same technology without video signals.

In our most recent study we explore a context where the possibly subtle
benefits of VMC may prove of value: distance collaboration. We investigate
the impact of VMC on task oulcome, co
where users are aware that their conversational partner is several hundreds
of miles away, in a different country.

..... A rreat antiefy it

winication, and user satisfaction,

STUDY 4: EFFECTS OF REMOTENESS

the impact of VMC on long-distance collaboration over the
Furopcan Internet. The quality of video and audio links provided by the
Internet is rather variable. The United Kingdom-Netherlands link is gen-
erally one of the best connections. In pilot tests and in the main study
described here we found that the video signal rarely suffered breakup of
the image and the audio signal was clearly audible on almost all occasions.
Twelve undergraduates ac the University of Glasgow participated as tourists
in this Travel Game study. Each tackled two versions of the Travel Game,
one with and one without a video link. The order of presentation was
counterbalanced. The Travel Agent was at the Technical University of Delft
in the Netherlands but operated to the same script as had been used in

ts were informed that this was a long-distance

link between Gla;gov» and Delft, and the travel agent, although a fluent
English speaker, spoke with a noticeable Dutch accent. In pretask chat
while setting up the task, the conversation clearly indicated that this was
a genuine long-distance expesiment. The communication link over the
Internet used public-domain network video and audio tools. The same
computers and monitors were used as in Study 3.

WE assC3s
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Results

The first finding was that the Internet connection between the United
Kingdom and the Netherlands was able to support this kind of collabora-
tion. Of 24 experimental sessions, only one had to be abandoned and
rerun due to technical difficultics with the network link. Reasonably good
audio and video reception was obtained in the remaining sessions, with

cloar canind an ittle naticeahle lao ar hrealiiim af viden imaoces
dear sound and little noticeable lag or breakup of video images.

The results of the Travel Game showed no difference in the task outcome
for video or audio link conditions. Although this again shows no advantage
for VMC on oulcome measures, it is encouraging in other respects. The
level of task success was very similar to that obtained in earlier studies.
The differences imposed by using network communication tools, such as
the neced to click a pointer in a designated area of the screen before
speaking, and the performance of the Internet compared to a dedicated
local area network did not impair performance on the task.

‘When we assessed the communication process, we found no difference
between VMC and audio-only conditions in terms of the lengths of the
dialogues in words or speaker turns. The number of interruptions was low
and did not differ between conditions.

The questionnaire data again showed some subjective benefits for VMC.
Although 83% of users found it very easy to communicate in both condi-
tions, in VMC 83% of responses were very satisfied with the task outcome
compared to 67% in audio-only. When users were asked about social pres-
ence (ie., how aware they were of the travel agent), 92% of responses in
VMC were fairly or very aware, compared to anly 5% in the audio-only
condition. When asked how often they were worried that they had lost
contact with the travel agent, 75% of audio-only users were worried on
some occasions about losing contact, compared to 50% of VMC users.
These data suggest that in truly remote collaboration there may be some
benefits for VMC in establishing and maintaining social presence.

DISCUSSION

Video-mediated communication potentially offers us the benefits of face-
to-face interaction while collaborating with a distant partner. We have tied
e what benefits 1 that VMC sys-

e in face-t

tems might be designed to emulate. We found that the visual signals in
face-to-face conversation seem to be used in several ways. First, speakers
use visual cues to judge that communication is proceeding smoothly and
hence need to elicit verbal feedback less often. Second, listeners are more
confident and check their understanding of messages less often. Third,
visual cues may be used to establish a sense of social copresence that makes
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us feel at ease with our conversational partner and so feel able to ask for
additional information or help in a shared task.

Video-mediated technology has been designed to facilitate collaborative
communication ata distance. To simulate such conditions we compared task
performance and dialogue between participants in different rooms. The
visual signals transmitted in high-bandwidth VMC elicited dialogues struc-
tured in certain respects like face-to-face communication. Compared with
speakersin the remote audio-only condition, speakers using VMC requested
verbal feedback less often, presumably because the available visual signals
provided feedback information. Video mediation encouraged speakers to
interact more freely, interrupting one another more often. But even high-
bandwidth VMC that allowed eye contact between speakers failed to deliver
the same efficiency benefits as face-toface communication, Speakers said
significantly more in VMC to achicve the same level of task success as in
audio-only conversations. The increased length of the dialogues may have
arisen because of the high level of speaker gazing that was elicited in VMC
with eye contact. This may have encouraged more interaction, either
because of the heightened sense of social presence that frequent gazing
1 because the frequent gazing at the listener distracts the speakers
from planning and producing utterances, so longer dialogues are needed to
complete the task. This effect seemed to “swamp” the length advantage of
reduced verbal feedback.

In contrast, low-bandwidth VMC, where audio and video signals are
delayed, had pronounced detrimental effects, impairing task outcome and
smooth communication. With limited bandwidth and the demands of video
compression there is a trade-off between delay and synchronicity. One
might choose to have no delay in the audio signal, but that would result
in lack of synchronicity with the video signal. One also might suppose that
having viswal information would help in managing conversations where
the audio signal is delayed (c.g., because listencrs can sce when their
interlocutors are ready to “hand over” a turn). However, our study shows
that having both signals delayed, even though synchronized, still disrupts
the timing in normal conversation. Seeing your partner does not help to
overcome this disadvantage. Teasing apart the relative detrimental effects
of lack of synchronicity or delay will require further research,

Our small study of long-distance collaboration suggests that VMC may

prod UCEs Or

offer some advantages in this arca by making the conversational partners
more aware of one another and reassuring them that they remain in
contact even across a remote Internet connection. Further analyses of
these remote dialogues continue to explore whether there are any differ-
ences in dialogue structure that reflect these subjective impressions.

It remains to be seen whether the effects of VMC that we observed are
transient and would diminish with increased experience of VMC. This
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factor may be important, because reports in the literature that claim added
“alue for VMC (e.g., Tang & Isaacs, 1993; Olson, Olson, & Meader, 1994;
Isaacs & Tang, 1994) use either fairly lengthy exposure or repeated expo-
sure over time.

What‘we have shown has implications for the development and use of
video-mediating technologies. The visual channel is useful for task effi-
ciency even for a task where social factors are not a central component
(compared to, for example, negotiation and bargaining tasks). The impact
of the visual channel depends on the medium through which it is trans-
mitted. Video-mediated communication does not necessarily bring the
same efficiency benefits to communication as face-to-face interaction, even
when it elicits some similar dialogue characteristics.

We have been concerned with the impact on collaboration of video-me-
diated images of the conversational partner. The conclusions that we might
draw from these studies are that the benefits of face-to-face communication
are rather subtle and the forms of VMC that we have invéstigated to date
do not seem able to replicate these advantages. This is, of course, only
one possible use of video data in collaborative tasks. The possibility of
sharing other forms of video data would almost certainly have a large
impact on task performance and communication. In the Map Task, for
example, the collaborators only have access to their own copies of the
maps, but the instruction giving and following tasks would have been
greatly altered by having shared access to both individuals’ maps. We would
expect that the task would have been performed more accurately with less
discussion required between participants in such a communicative context.
in ihe Travel Game task we provided shared access to reievant video data
in the form of the shared map of the United States, and the whiteboard
where travel decisions were recorded. If such information had not been
accessible to both participants we assume the task would have been con-
siderably more difficult and would have required longer dialogues between
tourist and travel agent. In future studies we intend to go further in making
systematic comparisons of the impact on users of video data compared to
video images of the conversational partner.

A final point that we wish to make is methodoiogical. Monk et al. (1996)
proposed that a full evaluation of communication technology requires
measures of both task outcome and communicative process This is the

annroach have adopted. Only by looking bath
Approaca we fave aGOpleG. Winy 0y 00King at both of these aapcl.n i

conjunction can we adequately evaluate the impact of VMC. By looking at
task performance alone (as in many earlier studies) we would have con-
cluded that there is no difference between video-mediated, face-to-face,
and audic-only communication. By looking only at measures of process,
such as the number of turns per dialogue, we may have concluded that
VMC is either equivalent to or worse than audio-only communication. By
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iooking at process and outcome together we see that communicative struc-
ture, Vﬂ"hal and nonverhal, differs across the contexts in ways that offer
advantages and disadvantages to the efficiency of the interactions. The
visual channel provided by VMC is useful to speakers, but the remoteness
of the interaction invokes a change in communication style that offsets
the benefits.

The studies reported in this chapter show that here is no simple answer
to whether VMC *works” or offers advantages. Different technological con-
figurations of VMC will have different impacts on users, and some systems
such as low-tech videophones may actually disadvantage users. In general,
however, the pattern is a complex one. Successful collaboration depends
on a number of complementary processes: how the process of communi-
cation is managed, the level of task success achieved, and the users’ satis-
faction with all the aspects of these processes. VMC has been shown to
influence each of these aspects of collaboration within our laboratory stud-
ies of joint problem solving. Although designers will naturally be concerned
with the impact of VMC on users in the workplace using systems for more
extended time periods than those we employed, the data we have presented
suggest that such studies must also deploy evaluation methods that consider
the multidimensional aspects of collaboration. In any of our studies we
would obtain a different answer to the question of whether VMC “works”
if we considered task performance, communication process, or user satis-
faction, in isolation. The same dangers apply to field studies in the work-
place.
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Chapter 8

Face-to-Face Group Work
Compared to Remote Group Work
With and Without Video
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David Meader
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We report results from two studies that compare the quality of the work, the
process, and the perceptions of participants when working in four conditions:
Fuce-to-face with whitehoard, paper, and pencil; face-to-face with a shared editor;
remolely with the editor plus high-quality spatial audio; and vemotely with the
editor plus audio and high-quality video. Results showed that the quality of
the work with vemote high-qualily video is as good as face-to-fuce. Remote work
without video is not as good as face-to-face. Face-toface work is better when
supported by o shared editor than when the group uses traditional tools such
as a whiteboard and paper and pencil. However, the process of remote work
differs from that of face-to-face. There is more clarification, regardless of the
fresence of video. Contrary to expeciations, video does mot encourage the par-
tigipanis to be more engaged nov to discuss things meve criticelly. But video
“in vemote work i3 preferred by the participants over audio-only, and equally to
Jace-to-face work.

Meetings are a central component of collaborative work in organizations.
They can range from formal meetings that are scheduled in advance with a
predefined agenda to informal, ad hoc meetings where the members of a
work group get together to work interactively on some problem on the spur
of the moment. Traditionally, all forms of what we think of as meetings took
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place face-toface, in meeting rooms, commons areas, and lunchrooms. But

“as we all know, groups no longer need to meet in the same location; new
technologies are allowing us to relax the constraint of colocation. Alterna-
tives to face-to-face interactions have distinctive properties, and have not, in
any realsense, replaced what it is possible to do in face-to-face interactions.
We need to understand better what the opportunities and constraints are
that are offered by each mode of synchronous interaction.

This chapter integrates the results from a line of research whose aim
is to understand these issues. We have focused on synchronous interactions
among small teams working on design problems. In this line of research,
we began with field studies of groups in real organizations doing software
system design (Olson, Olson, Carter, & Storrgsten, 1992). Our goal was
to understand better what small group behavior was like for design tasks,
and what opportunities existed for supporting this activity with technology.
We learned much about both, leading to our developing a simple shared
editor called ShrEdit (McGuffin & Olson, 1992) that we felt had properties
that would be useful for groups doing these kinds of tasks. It provided the
members of a group with an electronic workspace into which they could
all enter and cdit their ideas as they worked.

We created a design task that elicited design behavior similar to what
we had seen in the field, and compared real groups of three people using
ShrEdit with groups working with the more traditional meeting-room me-
dia of whiteboard and paper and pencil. The groups using ShrEdit pro-
duced higher quality designs, as judged by a rater who was blind to which
design came from which group. To our surprise, the groups with ShrEdit
did this by cxploring fewer ideas 1

what less satisfied with their work process than the groups working in a
traditional fashion. Details of this are reported later, as appropriate to
understanding how groups working in remote situations differ from those
working face-to-face.

Modern networking has brought about the possibility for these small
groups to be located in different places while working. A fundamental

B VIOV o TP T
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consideration in ShrEdit’s design is that we assumed that the members of

a group would always have other communication channels available to
them. In a face-toface setting, of course, the groups can talk and gesture
in their usual interactive ways. Indeed, the groups in our studies engaged

in extensive discussion while using 8

revise their emerging ideas. So our next step was to investigate the use of

ShrEdit by distributed groups.

We decided to provide communication for our groups that was as ideal
as we could make it given their distributed setup. We wanted a baseline
for later studies that looked at other kinds of communication, and in
particular digital desktop video.
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A number of sources indicate that high-quality audio is important to
synchronous work (Fish, Kraut, & Chaltonte, 1990; Pagani & Mackav. 1993,

€, L9l Fagam & Mackay, 1905

Tang & Isaacs, 1992). So we had half our groups work with high-quality
audio in addition to the shared workspace. Our andio was full duplex,
directional for both input and output, and of far better quality than found
in teleconferencing or most commercial video conferencing systems.

More controversial is whether vidco adds significant value for groups
doing distributed problem solving. Although the research record is quite
mixed, many theories, and most people’s intuitions, are that video should
add substantial value to such work. Thus, the other half of our groups had
our good-quality audio plus high-quality analog video connections to each
of their colleagues. The video was arranged in an optimal fashion to create
the feeling of' sitting around the a table with one’s colleagues, with the shared
workspace in the center (see Fig.8.1). We took more care than usual to create
what we felt would be the best possible videoconferencing setup.

We were interested in how these video/audio groups using ShrEdit
would compare to face-to-face groups using ShrEdit from our earlier study
(Olson, Olson, Storrgsten, & Carter, 1993) on a range of measures: quality
of the work product, satisfaction, und characteristics of the group process.
We also compared these audio/video groups to the audio-only groups to
assess the added effect of the video. What distinguishes our study from
previous investigations is the use of a task that has been established to be
representative of design in the real world, the use of an established work-
space tool of known value for sharing the work, and the care we took to
ensure that the audio and video were of the highest quality we could get
with present communication technology. We used a variety of measures
to assess the process and product of the work,

FIG. 8.1. A diagram of the audio and video configuration in our remately
connected offices.



160 OLSON, OLSON, MEADER

METHOD

Although we report two different studies here, the conditions were con-
structed and run to be comparable. Therefore, we report the combined
method; indicating where the two studies differed and in what ways the
analyses we report draw on different samples of data.

Subjects

Seventy-four existing groups of three professionals participated in the
study—a total of 222 individuals. All of the groups consisted of three MBAs,'
each enrolled in the Michigan Business School. In all groups, the members
had worked together before in class or work projects and all knew at least
one Macintosh or Windows application.

Settings and Their Communication Support

Thirty-eight groups worked face-to-face in the Collaboration Technology
Suite (CTS) (see Fig. 8.2). They were seated at workstations that were
slightly recessed in the table so that they did not interfere with eye contact
and gestures. The 19 groups that used ShrEdit, two people sat on one side
of the table, one on the other. The 19 groups that used traditional tech-
nologies, whiteboards, paper, and pencit typically sat on one side of the
meeting table, facing the whiteboard. All freely talked and gestured
throughout the session.

Thirty-six groups worked in a distributed mode. They were seated in
three separate rooms made to look like offices. In these rooms, a worksta-
tion with a large screen was centered on a desk, with two 13-inch video
monitors on each side of the screen, as shown in Fig. 8.1. A camera and

ted on each

or,

of the monitor so that when the participants faced
each other, they appeared to each other to be making near eye contace.?
Furthermore, when the other two remote participants were facing each
other, their images projected to the receiving participant made them look
as if they were looking at each other. All of the remote groups used ShrEdit.

The microphones and speakers were similarly situated to either side of

the central screen, corresponding to the person shown on the video screen.
They were open full-duplex channels that offered a sense of spatial location.
Indeed, in the audio-only condition, group participants often moved their
heads o face the speakers of the people they were addressing. The audio
condition used the identical microphones and speakers of the video con-
dition; the only difference was that the video monitors were turned off.
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FIG. 8.2. Groups meeting in the CTS, the groups on the left using ShrEdit
and the group on the right using the whiteboard, paper, and pencil.

Document-Sharing Technology

The rechnology used here was one we designed and built called ShrEdit,
which stands for Shared Editor (McGuflin & Olson, 1992). ShrEdit is a
simple text editor that allows all participants to view and change the same
simple text document, with all participants being able to type simultane-
ously within one character position of each other. Although the individuals’
views of the document are normally independent (each can scroll o a
different part of the document or arrange the windows on the screen in
a unique way), the views can also be locked together if the discussion calls
for it. Although the task, described next, may appear 1o require sketches,
the problem statement clearly indicated that Ests and descriptions in text
would suffice, making ShrEdit an appropriate tool for this task.

Task

We chose to study the task of group design, that of early requirements defi-
nition, because it is both important and interesting. In terms of McGrath’s
(1984) task taxonomy, this activity is a blend of Planning, Creativity, Decision
Making, and Cognitive Conflict.

In this study, all groups were instructed to draft the initial requirements
for an automatic post office (APO), a collection of postal services offered
through a stand-alone device similar to an ATM (automatic teller machine)
for which a prototype could be built by their fictitious company of 30
people in a year. They were instructed to determine the core services they
would offer, some of the required equipment, the rough cost/benefit
analysis, and a list of things they would like to investigate before the next
time they would (hypothetically) meet. They were given 1% hr to complete
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thc assigninent, producing meeting notes that could be read by a (ficti-
dditional group member who could not a el

ho could not attend that day’s meeting

The SubjECtS came to the CTS for a single 3-hr period, broken into two
1%hr portions with a 15-min break in between. In the first half, the subjects
filled out background guestionna and permission forms. Those groups
that used ShrEdit were then trained in a 20-min session. The instructions
demonstrated the system’s capabilities and how to control them, but did
not prescribe how to use these features to support work. After the training
session, the groups working face-to-face remained in the CTS. Those groups
in the two remote conditions were then taken to their individual remote
offices. They first took a few minutes to acclimate to the setting, to set
camera angles and audio levels.

All groups were asked to solve two small problems of 20 min each.
These tasks served both to allow the subjects to warm up to the task
situation and, as appropriate, to learn the software and adjust to the soft-

ware's ranahility for simulmneous editine. Followine 2 15.min hreak tha
ware s Capanuily 107 sumulaneous equung, rouowing a 15-min oreax, nc

groups did the APO task in a single 1%4-hr sitting. All groups filled out a
questionnaire after the session assessing their satisfaction with the work
they did and the functioning of the group. For the remote groups, we also
asked their rating of their ability to understand others in the group and
to be understoed by them.

Groups were recruited en masse through various MBA classes and fliers
and encouraged to sign up at convenient times, either morning, afternoon,
or evening sessions for 3 hr. The groups in the face-toface conditions were
run in entirety before the groups in the remote conditions, with these
being two experiments. Because the subjects were drawn from the same
population and two of the three experimenters were the same, we did not
worry about infusing differences in the conditions other than those we
intended. In each study, the groups were assigned to the two conditions
at random as they came in, with the proviso that at the end of each week
the conditions were balanced for time of day, and each of the experiment-
ers served in an equal number of the different conditions.
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Outcome. 'We assessed how the technology affected the outcomes of th,

meetinos and the guality of the desion as reflected in the final do
meelings and the guanty of {he gesign as reflected in the final d

of each group. We used the same quality measure as was used in Olson
et al. (1993). This measure was developed after extensive discussion with
both designers and researchers of design. Three major aspects of the
groups’ output were scored: how completely the output covered all the
aspects of the assigned task, the ease of understanding of the ideas reported
n the document, and the judged quality of the post office design, including
the feasibility of producing a prototype of the suggested post office within
the stated time and manpower constraints, the coherence of the ideas,
and the judged success of the ideas if marketed. The average pairwise

correlation between raters was .85. Because this was well above acceptable
range for reliahilir_y of measures, one researcher then coded the guality

S, ONE researcner then Coded tne quanty

of the remaining meetings’ outputs using the same instrument, Qut of a
possible score of 80 points, the quality of the meetings’ owtput ranged
from 25 to 74.

Satisfaction. 'To assess satisfaction, we constructed a postsession ques-
tionnaire that asked the participants to

1. Rate their satisfaction with the process that they used (adapted from
Gouran, Brown, & Henry, 1978; Green & Taber, 1980) as well as
with the design result (Green & Taber, 1980)

2. Assess the evenness of the participants’ contributions (Gouran et al.,
1978) and identify a leader if one emerged

3. Rate how easy it was to understand the other participants and be
understood

The first two sets of questions were asked of all groups; the remaining 23,
which focused on various details of the communication media, were asked
only of the groups working remotely.

Process.  All sessions were video- and audiotaped. From audio, we tran-
scribed the conversations. In addition, we captured timed keystrokes from
ShrEdit; we integrated this typing activity into the verbal transcript as
appropriate. These transcripts were then coded for what kinds of activity
were taking place at each moment, using the categories devised and tested
in our study of field design meetings and the earlier related lab study
(Olson et al., 1992, 1993). We identified times when the participants stated
the issue on the table, when they generated alternatives, and when they
critiqued the ideas. These categories have origins in the design rationale
literature (Olson et al,, 1992, 1993}, We also catalo ogued the time it took

the participants to organize themselves (an activity we call meeting manage-
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KOUP
witical discussion refers to the aspects of design discussions in which both

negative evaluations are offered. Critical discussion is the
egalive evaualions are omercd. Lrilitar iscussion e

ment), to clarify their ideas, talk through difficulties with the technology

AT angnga in aida Aiora

cainme Tha divieian Af astivite 1ot s
O €Ngage in S$iGC Gigression.

s. The division of ak,uvuy into task and Process
management was inspired by work in the literature (Putnam, 1983; Zigury
Poole, & DeSanctis, 1988).

Several new categories were required to account for the work surround:
ing producing the output: times when they would plan the organization
and wording or dictate the words, called plar and write. In the supported
groups, we required yet another two categories: times when th?s;r were
confused about something having to do with the technology, and othés.
comments about the placing of their work into the windows on the scree
We called these technology confusion and technology management, respectwely

Interrater reliability of the core 22 categories was measured in two wa

A strict measure shows the corresnondence of catecorization. second b
A strict measure shows the correspongence of categorization, second b

second; our interrater reliability is 68%, with a Cohen’s k = .64. If we look
at the summary measures used, the correlation between the iwo raters
summary statistics on time in category was .97,
For a subset of the audio and video conditions, we assessed two add1-
tional processes: engagement and critical discussion. Engagement was de:
fined as the degree to which individuals invest themselves in and contribute
to task-oriented group discussion. Sproull and Kiesler (1986) found that:
without social context cues (in e-mail conversations) people were more::
self-absorbed and less engaged. We expected that the groups working.
remotely would have a tendency to be more engaged if they could see
each other, with the video providing the social context cues.
Engagement was operationalized in several ways:

ositive and B
Adithesis of group think (Janis, 1982), in which only positive support is

d for ideas generated. The presence of critical discussion has been
tively related to group effectiveness in solving problems that have some
\biguity (Sambamurthy & Poole, 1992; Eisenhardt & Bourgeois, 1992), We
d that the remote groups with video would engage in more critical
mcu‘smn because the interaction was natural and easy, not requiring
itional actenttion to maintaining the conversation. It was thought that the
it needed in the audic-only condition to maintain the conversation
uld take away from the energy required to engage in critical discussion,
esulting in poorer quality output.
The concept was operationalized as the amount of time in which
ot on the design included both positive and negative criteria. Reliability
odmg this category was .94 for segmenting the speech stream, and .68
“dgrecing on the category label for that segment.
~Analyses of engagement and critical discussion were performed on 30
fqups, 15 of the groups who were remote with video and 15 of the groups
ho were remote with audio only. This subset has the same overall charac-

1. The time spent in sequences of acl-response interactions whethe
the partjcipams agreed with each other or not, including time dis-
cussing things written in the shared document

2. Speaker turn change density, rapid interchange of statements and ure 8.3 arrays the quahLv scores for all four conditions. This shows that

< judged qua 1Ly of the Zroups suppoit ted u'y audio plus video
was not significantly higher than that for groups supported by audio only,
(86) = 141, p < .16.

:Although these quality differences were not significant, they showed a
pattern of differences with the face-toface conditions that Is interesting. All
our quality ratings were notsignificantly different from their adjacent values
(ETF Unsupported = Remote Audio; Remote Video = FTF with ShrEdit).
owever, FTF with ShrEdit was significantly higher than the Remote Audio,
35). = 2,67, p < .01, and FIF Unsupported, t(.ﬁb =271, p<.01. Remote

3. Length of dme the groups met

To be sure, people can be engaged in other ways than arguing, and meeting
long, such as by attending to a discussion without speaking, or by entering
thoughts into the shared document. However, because both these other
types are harder to measure, we took the verbal repartee and meeting:
length to be reasonable measures of the groups’ engagement. Reliab
of codmg this category was .94 for segmenting the speech stream, and 80
for agreeing on the category label for relevant segments. Reliability of the: ideo was not significantly higher than FTF Unsupported, #<.09.

count of turn demlty was {See Meadel ].99_;, for details of both the: I sum, the quality differences when one takes away video connections

averationali ol nd e and do not always ov
uy\:lauuua_ubauuu Al T o
Tl

etween-group variances
eiween-group varances

1 CHZagemcy 30 &

ritical discussion.) L performance. But more mterestmg, wo1kw th remote high-quality video

not always ove
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FIF Remote Remote  FTF
Unsup. Audio  Video Supported

547 =567 = 615 = 644
] p<.01 |

| p<.01 |

[ (p<.09)-m---mnmee] |

FIG. 8.3. Analysis of quality of the output,

to support conversation is as good as face-toface. Remote work without
video is not as good as face-toface.

Satisfaction

Analysis of the questionnaires revealed that when there is no video con-
nection, the participants reported in the questionnaire that the quality of
the discussion was significantly poorer, #106) = 2.32, p < .02 (Fig. 8.4).
Furthermore, remote work with video was as satisfactory as face to face
(with ShrEdit support). The normal way of working, however, face-toface
with whiteboard and paper and pencil, was the highest of all. This is not
t;nm[lslno bhecanse all of the mode of wnrlzmg with ShrEdit was new and
may have temporarily unsettled people.

In other questions, the remote group with audio only reported being less
able to tell how their other group members were reacting to things said,
#(106) = 2.28, p < .025. They also reported that the communication system
got in the way of their being able to persuade others about their ideas, £106)

= 3 JA, "I'JQ UUl or {0 resolve QISclgI(“(’HlC‘ﬂT‘ l[ |Ul’)) 4 l.), p( .03,

Process Differences

‘We now look at how the groups conducted their work, in particular how they
spent their time and how they moved among activities in the course of
design.

We coded the transcripts of the spoken parts of the meetings, noting
the kinds of activities they engaged in, and then summarized how much
total time was spent in each activity as well as the flow between activities.
Figure 8.5 shows a view of the flow of activi[ies, wi[h the two face-to-face

these diagrams, cach category of activity is reprcscmcd by a c1rcle, the area
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Remote Remote  FTF FTF
Audic  Video  Supported. Unsupported
3.99 420 = 436 4.68
f----p<.01 |
[t 11 ) EEREREREE -1
| p<.01 |

[ p<.01 |

|----p<.01---

FiG. 8.4. Mean ratings of the rated quality of the discussion.

of which represents the total time the group spent in that activity, aggre-

gated over the whole meeting. White portions of the circle represent the

direct introduction of the idea; the black wedges represent the time spent
clarifying that topic, The arrows denote the transitions between them, the
width of which reflects the likelihood of going from one category to the
next.®

The groups in both conditions spent their time in almost identical ways.
Furthermore, they are almost identical to the way in which face-toface
groups worked with the same shared editor tool these groups used. The
differences that were significantly different included: Video groups spent
less time than audio groups stating and clarifying the Issues, 1(34) = 2.54,
P < .02; ¢34) = 2.25, p < .03. Remote groups (both Video and Audio)
spent significantly more time managing their meeting than the FTF group
using ShrEdit {Video: #(35) = 2.92, p < .006; Audio: #(35) = 3.18, p<.003).
Remote groups (certainly Audio and marginaily Video) spent significantly
more time clarifying what they meant to each other (all categories com-
bined) than the FTF group using ShrEdit (Video: #35) = 1.81, p < .08;
Audio: #(35) = 2.31, p < .003).

Engagement

Engagement has three measures: time in interaction, speaker turn density,
and leugth of fime the groups met. Recall that these analyses were done
on 30 of the 38 remote groups, but that this subset represents the whole
on the other measures.

None of the anticipated differences emerged (Table 8.1). Time in in-
teraction and speaker turn changes per unit time were equal in the remote
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FIG. 8.5, Use of time for various activities along with the paitern of
wransitions between the activities for the face-to-face (top) and remote
{hottom) groups.

four conditions. Gverall, the mean time spent in the meetings was 87 min,
which was not significantly different over the four cenditions. Furthermore,
the groups talked a great deal during this 87 min; they were not just silently
typing. On average the groups spent 64 min talking. The three groups
that had ShrEdit talked significantly less than the group using whiteboard
paper and pencil, by 13 min, /{3,70) = 6.06, # < .001. There was no
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TABLE 8.1
Measures of Engagement in the Remote With

Audic On
Audio Only

nd Remote With Videos Conditions
nd Remote With Video Conditions

Remote Audio Remote Video
Time spent in task-based interaction 46.2 min 472 min
Number of keystrokes 6,380 7.210
Speaker turn change density 7.8/min 7.8/ min
Meeting lengih 83.8 min 85.6 mm

difference among the groups supported by ShrEdit, whether they were
FTF or remote, or supported by video or only audio.

Critical Discussion

‘We thought that video groups, having an easier time understanding each
other and being understood, would engage in more critical discussion.
The groups with video spent 10.6 min in critical discussion and the groups
with audio only 10.7. There was no difference, p < .17,

Correlations With Quality

Although there were no overall differences between the audio and video
conditions exceptin perceptions of ease of communication, there were some
other variables that correlated with quality of outcome. Combining both

ramote conditions. the more the sroun tvned {(total kevstrakes) . the hicher
remote conGiions, tne more ne group fypea (1ota: Xeyslroxes), he nignery

the quality output, r= .58, p< .01. Furthermore, the more highly the group
rated the communication ease, the longer the meetings, r=.62, p<.01, and
the more turn changes, r= .49, p < .05. Putting these two results together,
using engagement as measurable by either turn change, meeting length, or
keystrokes, we find that the easier the perceived communication, the more
the engagement and the higher the quality of output. We found earlier that
remote video groups rated the communication as easier; we might then be
led to think that video could lead to better quality output.

CONCLUSIONS

With high-quality communication (both audio and video) and a shared
workspace tool, distributed groups can produce work that is indistinguish-
able in quality from face-to-face groups using the same workspace tool.
Taking away the video from remote groups leads to poorer guality designs
when compared to face-to-face groups. The audio-only groups were mar-
ginally different from the video groups. Thus, high-quality group intellec-
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tual work is possible under distributed conditions, and video appears to
~add some vatue.

The perceptions of the users, however, is that video clearly adds value,
The groups working at a distance without video do not like it as much as
those that have the video. They reported being less able to tell how their
other group members were reacting to things said. They also reported that
the communication system got in the way of their being able to persuade
others about their ideas or to resolve disagreements. Groups without video
report having a harder time communicating, and that perception is loosely
correlated with engagement in the task and outcome quality. Tang and
Isaacs (19938) found that groups in a field setting that were offered video
in addition to shared workspace and audio used the system more heavily
than those that had audio and workspace tools, suggesting that the pref-
erence we saw in our study could be a harbinger of usage patterns when
these capabilities were discretionary.

However, judged by how people used their time, distributed work does
require greater process overhead. The remote groups spent more time
managing their work and clarifying what they meant than the face-toface
groups. Working under distributed circumstances is not equivalent to work-
ing face-to-face. Perhaps there is more sense of what others are doing and
what they mean when we are face-to-face than can be presented via even
very good video channels,

These results are important. We confirm the results of others (Chapanis

& Ochsman, 1972; Minneman & Bly, 1991; Smith, O’Shea, O’Malley, Scan-
lon, & Taylor, 1989) in that remote work can be done without loss of
quality. This work has added to this body of fin g!
uses intact groups doing a more realistic task, and uses measures of process
as well as quality and satisfaction. In addition, we found that remote work
takes extra effort to manage the group and clarify things meant. Adding
video to remote work has some value in terms of the work accomplished
by the groups, and has a clearer effect on the satisfaction of the group
members. People like to see cach other. Video makes them feel more able
to communicate with each other, to persuade and resolve issues. This in
turn makes them more engaged, resulting in higher quality work. For work
that extends over long periods of time, these preferences and indications
of engagement are very likely to be important, as shown in the Tang and
Isaacs (1993) field study.

gs, however, in that it
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NOTES

1. Ninety percent of the MBAs at Michigan have significant work experience before coming
back to school. These are professionais with practical group experience.

9. Eye contact was not perfect. Participants reported that the other person appeared to be
looking at their throat when they looked into their eyes.

3. To make this diagram less “busy,” we include here only those transitions that occurred
1% of the time or more.
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lag-sequential analysis of group

Studying Video-Based Collaboration
in Context: From Small Workgroups
to Large Organizations

Fllen A, Isaacs™®
John C. Tang
Sun Microsystems, Inc.

Cuer the past few years, our group has developed and studied o variety of
video-based prototypes to support remote collaboration. We started with @ basic
desktop videoconferencing system. with o shaved whiteboard and found that it
was gffective in supporting a distributed group’s conversations, but that many
of the users’ attempts to contacl each other were unsuccessful. We went on lo
busld another deskiop videoconferencing prototype called Montage, which focises
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on awareness and helps people find good times to interact by
coordination and collaboration tools. We also built Forum, which allows people
to give live, interactive video-based presentations to distributéd audiences. We
describe the methods we used o study the long-term use of these prototypes
among existing distributed groups and the lessons we leawrned by doing so.
Finally, we discuss the roles that video plays in supperting distributed collabo-
ration and we provide a list of design principles for those who wish o use
video to support such activity.

INTRODUCTION

Lydia is developing some marketing materials for an upcoming customer presen-
tation and she decides to show her latest idea to her colleague Sonia for feedback.
From her computer workstation, she initiates a “glance” into Sonia’s office, 500
miles away. As the image fades in, she sees that Sonia is away from her desk.
She checks Sonia’s online calendar and sees that she is in a meeting for another
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hour, so she leaves a Stickup “electronic note” ashing Sonia to glance her back
when. she gets in. A few minutes later, a notice Pops up on her screen indicating
ihat the CEG's quarierly talk is about fo begin. She “attends” the talk by opening
an application, and she is presented with a video window of the CEO, who will
- be broadcasting from the corporale headquarters, along with the presentation stides
“and a list of others starting to join. After 5 minutes, over 600 people have joined
the talk. Lydia looks through the slides to preview the CEO’s vemaks. She sees
that the CEO will not address certain issues that are important to her. She decides
she will ask about it if mo one else does, although she will probably heep the
question. anonymous. Perusing the list of names and faces, Lydia notices that her
colleague Bjorn is attending and she sends him a note asking if he wants to have
lunch after the talk. He veplies quickly saying he's free and they make arrangements.

This scenario illustrates the range of tasks and group sizes our Collaborative
Computing group has been trying to support through the use of video.
For example, the “glance” tool (which we call Montage) supports one-on-
one interactions and attempts to help people find opportune times to
interact. It is integrated with other online communication and coordina-
tion tools (e.g., calendar and Stickup electronic notes) to support the
“pre-interaction coordination” that is often needed to set up an interaction.
The video presentation tool {Forum) supports one-to-many presentations
among potentially hundreds of people. It also supports questions from the
audience and passing notes among the audience to retain some of the
interactive richness that makes presentations collaborative events.

STUDYING COLLABORATION

Since 1991, our group has developed a variety of video-based prototypes
to support remote collaboration. Our approach begins by studying col-
laborative work activity to identify how the existing technology does and
does not meet the collaborators’ needs. These studies guide the design of
prototypes that help address those needs and in particular enable more
natural collaboration across distance. Once we have developed a function-
ing prototype, we deploy it into real use over a long period of time and
study how people react to it. We take a combination of quantitative and
qualitative measures of users’ activities, and we compare the group’s be-
havior usmg the prototype to their behavior without it so that we can learn
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Although our work shares much in common with other chapters in this
book, we have made some choices that have enabled us to explore new issues.
For example, nearly all the other experimental video systems aim to support
small groups of people with relatively informal interactions, yet Forum

supports large communities by broadcasting formal presentations. Most
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projects, including Cruiser at Bellcore (Fish, Kraut, Root, & Rice, 1993),
CAVECAT and Hydra at Toronto (Mantei et al., 1991; Sellen, 1992), the
Media Spaces at PARC (Bly, Harrison, & Trwin, 1993) and at EuroPARC
(Gaver et al., 1992), the research at University of Michigan (Olson, Qlson,
& Meader, 1995), and others have focused on analog video, whereas we have
used digital video. The latter is currently of lower quality (e.g., 4~10 frames
per second, grainy resolution), but it allows us to better integrate our
prototypes with other applications and to use digital video effects when
appropriate. So far our work has used a “connection-based” model of
communication, in that contact is explicitly initiated by one person, rather
than leaving audio-video links on all the time. Other projects, such as the
Media Spaces, have explored using continuous audio-video connections to
enable extremely short, spontaneous interactions. Finally, although many
other use studies’ involved the developers of the system or other early
adopters, we have tested our prototypes with people who were not affiliated
with the prototype development to better approximate the response of
nontechnical users.

This chapter reviews the three video-based prototypes we have developed
to support remote collaboration. We started with a basic desktop video-
conferencing (DVC) prototype, which gave small groups of about 5-10
people the means to see each other and share documents. Studies of the
DVC prototype in use indicated that people ofien had problems finding
opportune times to make contact. This finding prompted us to design
Montage, which made it easier to start interactions or coordinate future
times to mteract. In parallel, we worked on Forum, which enabled people
to give interactive presentations to hundreds of people watching from their
workstations. The following sections describe these projects and summarize
lessons learned. In each case, we describe our techniques for studying the
use of the prototype, in part to demonstrate how we reached our conchr-
sions and in part to illustrate techniques we believe are effective for studying
the social implications of introducing new technology. We conclude with
somme lessons learned about the of v of video-based

applications, and our methodology for studying collaborative activity.

o, the d

DESKTOP VIDEOCONFERENCING PROTOTYPE

We began our research on the support of remote collaboration by studying
how people used existing technologies to collaborate over long distances
(Tang & Isaacs, 1993). We surveyed users of our company’s video telecon-
ference rooms to learn how that systemn was or was not meeting the needs
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of remote collaborators. The biggest problem identified was availability;
the teleconference rooms were often booked weeks in advance. Respond-
ents also complained about audio quality and delay in hearing the remote
collaborators. When asked which additional videoconferencing capabilities
they desired, users most often requested a shared drawing space.

We also studied the work of a four-person team that was split between
East and West Coast sites of the United States, about 3,000 miles apart.
We studied their work activity in thiee settings: face-to-face meetings, video
teleconference room meetings, and phone conferences. By srudymg video-
tape records of the team’s activity, we found that the main problem in
using the video teleconference rooms was the delay in transmitting the
audio from one site to the other. This delay disrupted many mechanisms
of natural conversation (e.g., interrupting a speaker, completing sentences,
timing jokes). Eventually, the team elected to turn off the audio of the
video teleconference system (which was delayed to preserve synchrony with
the video) and use speakerphone audio through the phone system. They
strongly preferred this arrangement because of the negligible latency in
phone audio, even though it disrupted the synchrony between the audio
and video (the audio arrived

AAAAAAAAA (the anudio arry

ore the accompanying video).

Observations from the survey and the preliminary use study suggested
that users would benefit from a system that provided videoconferences on
demand, with minimal audio latency, and a shared drawing space. Thus,
we designed a desktop videoconferencing (DVC) prototype (Tang & Isaacs,
1993) that provided real-time audio and video links and a shared drawing
program. The DVC prototype used digital video and audio transmitted

over standard computer networks. This DVC prototype enabled us to ex-

plore the technical issues of using digital audio and video and introduced
us to the interface and usability issues of desktop videoconferencing.

Design

The user interface for establishing and managing desktop videoconfer-
ences was modeled after the process of placing a phone call. The interface,
shown in Fig. 9.1, allowed users to specify the recipient of a conference
request. When a request was made, a copy of the interface appeared on
the screens of all the specified users, accompanied by an audio alert. A
shared message area allowed users w type text messages to negotiate their
entry into the conference. Users could also select which collaborative tools
would be used in the conference. The tool supported multipoint {up to
three-way) conferences, but once a conference was established no one else
could join.

Figure 9.2 shows a screen image of a typical desktop videoconference.
For a two-way conference, each user’s screen displayed:
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eloct ‘Recelvers” and use Connect’ t
Text entersd in Message fluld is shared wlth
receivers.
# Johni | have a question about the
# spreadsheet data that you sent

FIG. 9.1. john uses the conference manager application to request a
conference with Amy.

+ A video window of a remote collaborator
» A preview window of the video being sent to the remote collaborator

o Asharedr 141’:\up and di Awmg program {called Show 1\-’16) for arawmg,
typing, pointing, and erasing over shared bitmap images

Show Me allowed users to create shared freehand graphics and to grab
bitmap images from their screens and share them with the other confer-
ence members.

When designing the DVC prototype, we made sure to minimize the
audio transmission delay. We did so by designing the infrastructure for
making connections to handle the video and audio data streams separately,
which enabled us to give priority to the audio transmission during periods
of heavy network usage. At these times, the quality and/or latency of the
video was degraded to preserve minimal audio latency.

Study

To understand how people would use the DVC prototype, we conducted
a study of disuibuted collaboration. We studied a five-person team that
was distributed among three locations: two buildings on a campus site on
the West Coast, and another building on the East Coast. We observed their
collaborative work under three conditions:

* PreDVC—using conventional tools (phone, e-mail, videoconference
rooms, etc.)

¢ full DVG—-adding the DVC prototype (audie, video, Show Me)
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FIG. ¢.2. The desktop videoconferencing prototype consists of the Show
Me shared drawing toel, receive video window of remote user, and preview
video window of outgoing video signal.

» DVCominus-video—subtracting video from the DVC prototype (audio
and Show Me only)

We studied the tcam for 3 weeks in the pre-DVC condition, 6 weeks in
the full-DVC condition, and 4 weeks in the DVC-minus-video condition.
This team had previously been located together in neighboring cubicles
at one site, so they were particularly aware of things that became difficult
in their distributed locations.

We used a variety of observationat methods to get different perspectives
on their work acfwity We monitored the team’s observable collaborative
n:i")-‘, i‘ﬁchndnus the number and duration of puu 1¢ Laua their usage of
electronic mail, the frequency of their face-to-face contact, and their usage
of the DVC prototype. Additionally, selected samples of collaborative ac-
tivity in the three conditions were recorded on videotape. These tapes
were analyzed by a multidisciplinary group in the tradition of interaction
analysis (Brun-Cottan & Wall, 1995). Furthermore, at various stages during
the study, we interviewed each team member to gather their perceptions

et

¢, STUDYING VIDEO-BASED COLLABORATION IN CONTEXT 179

about their work activity. Details of the study are described in Tang and
Isaacs (1993).

Lessons Learned

Although this study was not specifically intended to measure the value of
video, one finding that clearly emerged is that video was very important to

the users. The group use 1 the nrototyme when video was nrovided, but their

ing us 4 e up pretotype wnen viaeo was proviceq, but thenr

use declined d1 amatically when the video was removed. They commented
that the main reason they stopped using the prototype without video is that
its audio was worse in quality than the phone and exhibited an annoying
echo and a noticeable transmission delay. This pattern indicates that the
main benefit the prototype offered was through the video. In fact, the users
were willing to endure the poor audio to gain the advantages of the video.
Qualitative analyses of the videotapes of their use of the prototype
helped identify why vidco was valuable. The visual access provided cues
that facilitated the mechanics of turn-taking and the interpretation of
gestures, facial expressions, and pauses. We observed that nonverbal cues
were especially important for signaling disagreement and handling sensitive
issues. (See Isaacs and Tang, 1994, for a further discussion.) Furthermore,
the users commented that the video capability made their interactions
generally more satisfying (see also Rudman et al., chapter 10, this volume).
This support for interactional mechanisms makes VMC more efficient,
effortless, and effective. A richer communication channel affords greater
mutual understanding among the participants, and we would expect it to
help improve the quality of their collaborative work in the long term.
Onme related issue is the role of eye contact in VMC. Although direct eye
contactis expected in face-to-face meetings, conventional desktop videocon-
ferencing configurations can provide only near eye contact by positioning
the lens of the camera as close as possible to the video window of the remote
collaborator, In our DVC >tLup, this auangement gave each collaborator a

T sense O eir nartners’ direction ooz, T
clear sense of their partners’ direction of gaze, known as g

(Ishii & Kobayashi, 1992). All the team members initially remarked that thelr
inability to establish direct eye contact felt strange. However, we found
considerable evidence in the videotapes that the collaborators were able to
make usc of gaze awareness in their interactions. For example, if someone
paused and looked upward, their partner could infer that they were
searching for the right thing to say. In another example, one collaborator
expressed disagreement by avoiding looking at his partner until they moved
on to another topic.

Only 43% of the call attempts turned into desktop videoconferences.
Most of the call requests were not answered because the person being
called was not in the office. This statistic suggested that an application
supporting audio—video interactions should also help users find a good time
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to interact. The usage logs also showed that desktop conferences tended
"to be relatively long, with a median duration of 8 min and 55 sec. In the
interviews, users commented that the interface for requesting a conference
felt heavyweight, and they tended to use the phone for shorter interactions.

Our experience with desktop videoconferencing also revealed some im-
portant ways in which it is different from other forms of interaction. In
desktop videoconferences, all participants were located in their offices
where each person had access to his or her resources and distractions
(e.g., phone calls, e-mail arrivals, visitors}. Thus, it was not unusual for
people to read e-mail or take phone calls during a conference. Further-
more, these interruptions were managed without causing confusion or
offense because the aural and visual cues enabled remote collaborators to
interpret what was happening when one person temporarily stopped par-
ticipating. Thus, desktop videoconferencing was a medium for focused
interaction (like a phone call or meeting), but also one that tolerated long
periods of independent work.

One implication of this observation is that desktop videoconferencing
is a distinct collaboration setting that has its own characteristics and limi-
tations. As such, it is f
(as some marketing promises might suggest). Our dala showed that there
were no statistically significant decreases in the amount of phone or face-
to-face meeting activity when the full DVC prototype was available com-
pared to the other two conditions (Tang & Isaacs, 1993). Desktop video-
conferencing offers a communication choice that complements, rather
than replaces, face-to-face, phone, e-mail, and other interactions.

In summary, the gquantitative measures of DVC pro

us detect that people stopped using the prototype once we removed the
video. Interviews with the users confirmed that they did so in fact because
of the lack of video. Qualitative analyses of the videotaped activity revealed
ways in which video helped them accomplish and enrich their interactions,
which helped explain why they found the video-mediated interactions so
satistying. The studies also revealed some design implications that led to
our next project,

clion

not intended to renlace other forms o
not intended to replace other forms o

totype use helped

MONTAGE
Goals

Our experiences with the DVC prototype prompted us to take a broader
perspective on how audio—video connections could be used to support
remote collaboration. We recalized that it is important to support the proc-
ess of finding an opportune time to interact. To understand this problem
better, we interviewed a range of people in the United States {including
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those who spent a poriion of their work time physically separated from
to their colleagues. These interviews confirmed the need to help people
find good times to make contact. People commented that they wanted
help finding people who were not in their office or the ability to “leave a
note on their chair” to set up a future contact. When presented with the
idea of using audio-video connections to see when people were available,
interviewees expressed strong conceins about preserving their privacy.

Design

Guided by these interviews, our previous experiences with the DVC pro-
totype, and lessons learned from other videoconferencing efforis {e.g.,
Dourish & Bly, 1992; Fish et al., 1993), we developed a prototype called
Montage (Tang & Rua, 1994), which tries to provide a sense of proximity
for distributed groups. It does so by providing an easy way to make audio—
video connections between computer desktops and by integrating other
communication applications.

Montage uses momentary, reciprocal glances among networked, media-
equipped workstations to make it easy to peek into someone’s office. It is
modeled on the process of walking down a hallway to visit a colleague in
her office. If you peek in and see that she is not available {e.g., not in the
office, busy on the phone), you might pass by the door without stopping.
If you find her in, you might pause at the doorway to indicate what you
want to discuss before entering and settling in for a discussion. By basing
Montage on the hallway model, we hoped to provide a familiar way of
increasing the accessibility of colleagues without disrupting their privacy.

In Montage, a user typically selects the name of a person they wish to
glance from a menu (Fig. 9.3). Within a few seconds, a sound notifies the
recipient of the onset of a glance and video windows fade in on both users’

screens. The fade-in effect provides a graceful approach for the people

involved in a glance. Either party can acknowledge the glance by pressing
the audio button to open an audio channel. If neither party enables the
audio channel, the glance fades away after 8 sec. Once either person presses
the audio button, a two-way audio—video connection is established. The
relatively small (128 x 120 pixels} video windows of the glance are intended
to support short, lightweight interactions. If participants want to have an
extended interaction, either one can initiate a fullfeatured desktop video-
conference by pressing the Visit button. A visit offers enlarged video windows
(256 x 240 pixels) and access to tools for sharing bitmap graphics (ShowMe
Whiteboard, a product version of the shared drawing tool from the DVC
prototype) and short text messages (Stickup notes), Glances and visits are

ended by pressing a button that immediately dismisses the video window.
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FIG. 93. John initiates a glance
at Monica by selecting her name
from the Montage menu.

If the glance shows that the person is not available, the buttons along the
bottom of the glance window (see Fig. 9.4) provide quick access to browse
her online calendar, send her a Stickup note, or send her an e-mail message.
The online calendarand e-mail functionality are adaptations of existing tools
widely used in our company. We developed Stickup, which enables users to
type a text note that appears in a popup window on the recipient’s screen
(shown in Fig. 9.5). Stickups also include a Glance Back button that quickly
starts a Montage glance back to the person who posted the Stickup, and a
Reply buiton that opens a Stickup to post back. By integrating quick access
to these other communication tools, we hoped that Montage would help
coordinale opportune times to make future contact.

Because Montage allows audio—video connections with any other user,
itis important to enable users to protect their privacy. Montage addresses
this issue in part by building on existing social mechanisms for protecting
privacy. Because all Moniage glances are reciprocal, users can see if anyone
is glancing them. Just as it is considered rude to stand outside someone’s
door and stare in, it is equally impolite to do so through Montage, which

FIG. 9.4. After John glances
Monica, a small window appears
on his screen providing a view into
her office. At the same idme, he
sees a preview of his own image.
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i
have a quick
uestion. Glance me
hen you get back.

FIG. 95. A Stickup from Ellen.
Note the Glance Back and Reply
buttons that quickly initate a
glance or Stckup back to the
persor who posted the Stickup.

provides the aural and visual cues o make such eavesdropping obvious.
This symmetry enables users to socially negotiate their privacy. In addition,

Montage offers a “do not disturb” mode that blocks incoming glances.

Study

To learn how people would use Montage, we deployed the prototype in
an existing working group (Tang, Isaacs, & Rua, 1994). We selected a
group of 10 people distributed among three buildings on a campus site.
The group was multidisciplinary (including marketers, engineers, a man-
ager, and a project coordinator), and it included people who worked part
time or telecommuted. As with our other studies, we chose a group that
had not been involved in the design or implementation of Montage.

We siudied the group’s communication paiierns for 4 weeks before we
installed Montage, 12 weeks while they had Montage, and 4 weeks after we
removed Montage. To determine how Montage affected their communica-
tion, we collected logs of their use of Montage, logs of their voice-mail system
use, copies of all e-mail sent within the team, and logs of appointments
scheduled in their online calendars. Unfortunately, we were unable to collect
reliable information about their phone calls and face-toface meetings. In
each of the conditions, we videotaped samples of the group’s work activity
by leaving a video camera running in individual offices throughout a day.
We administered surveys to the team during the study to gather their
perceptions of their work activity and their reactions to Montage.

Lessons Learned

Even more than with the DVC prototype, the logs of Montage use dem-
onstrated how frequently attempts to contact someone were unsuccessful.
The Montage logs showed that on average, users attempted to glance
others 2.9 times per day, but that 75% of glance attempts were not ac-
knowledged (i.e., neither party enabled the audio). This high rate of un-
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. .acknowledged glances underscores the importance of helping people find

opportune times to make contact. Despite the likelihood that a glance
would not immediately mrn into an interaction, people continued to use
Montage. This continued use suggested that glancing was sufficiently light-
weight and even if it did not immediately initiate an interaction, it was
valuable in arranging for one in the future.

The logs showed further evidence of the lightweight nature of interac-
tions in Montage. Of the acknowledged glances, resulting interactions
tended to be relatively short, with a median duraiion of I min 8 sec. This
median compares to 8 min 55 sec in our previous DVC prototype, which
suggests that Montage glances were used for shorter, more lightweight
interactions. In the interviews, participants indicated that they tended to
use Montage for small issues just as they arose. Without Montage, they
either handled the issue themselves or waited to contact someone until a
few such issues had accumulated.

However, the quantitative data demonstrated that the Montage features
for coordinating future contact were not extensively used. There were 886
unacknowledged glance attempts, when the user might be expected to use
the other cominunications applications inlegraied with Montage. However,
the logs showed that people posted Stickups only 77 times, they browsed
calendars only 20 times, and they sent e-mail only 16 times. These results
surprised us, especially because the users’ perceptions collected in the
surveys told a different story. Eight of the 10 users said they especially
liked Stickups and found them to be very useful. However, taking the usage
data and user comments together, we conctuded that even infrequent use
of Siickups was enough 10 demounsiraie their vaiue to the users.

In the interviews, users were generally enthusiastic about Montage and
the visual access provided by the video. Analyzing the videotapes identified
specific ways in which the video was useful. The tapes provided more
examples of the subtle benefits of using the video to convey nonverbal cues
during an interaction, similar to what we saw with the DVC prototype. In
addition, video was also used in Montage to interpret people’s availability
and willingness to interact. The information in the video window enabled
the person being glanced at to identify who was requesting their attention
and to convey whether they welcomed an interruption. Furthermore, when
a glance revealed that someone was on the phone or occupied with a visitor,

the narticinants often us
the particip

ants often used nonverhal sienals to set up future co

bal signals to set up futare contact {c.g.,
alook and a hand gesture toindicate “I see you, I'll glance you back™). Other
times, they used visual cues to interrupt the activity gracefully. Thus, in
addition to the advantages of “talking heads” video, we also observed the
benefits of “silent heads” video in leading up to an interaction.

Both quantitative and qualitative measures indicated that Montage pro-
vides a communication medium that is between face-toface visits and the
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phone. Like the phone, it provides quick access to people who are located
elsewhere, and allows both participants to remain in their own offices with
access to their own resources. Like face-to-face interactions, the video chan-
nel in Montage allows rich interactions and facilitates more frequent,
shorter interactions that addressed specific issues just as they arise.

FORUM

Goals

After focusing exclusively on small group coordination, we decided to
explore the use of networked video and audio to provide a sense of com-
munity in 2 large organization. Presentation and training sessions are often
used to communicate information to large groups of people. These sessions
help large groups create common knowledge and shared experiences and
they help reinforce the organization’s culture.

As organizations become distributed, they have to work harder o create
these shared experiences. We felt that it could be useful to enabie people
from different locations to attend presentations from their computer desk-
tops. Presenters could reach more of their intended audience, and indi-
viduals could attend more presentations that interested them. This idea
led to the development of Forum, a tool that enables distributed video-
based presentations.

Before designing Forum, we observed face-to-face presentations and
interviewed people who gave or attended many presentations. In doing
so, we became especially aware of the interactive nature of presentations.
Speakers rely heavily on feedback from the audience in the form of ques-
tions and nonverbal cues. Audiences also pick up information from each
other by chatting among themsclves and by seeing how others react to the
speaker’s comments. In designing Forum, we tried to find ways to build
in tools that enabled interaction between the audience and speaker and
among the audience. We also tied to provide a basic level of awareness
so that participants would know who else was attending a talk.

Design

Forum is a distributed application that enables speakers to broadcast talks
over a network and enables audience members to participate in the talks
from their workstations. Speakers sit in front of a media-equipped worksta-
tion that lets them control the display of their slides, manage their interac-
tion with the audience, and see a list of audience members. Audience
members receive live audio and video of the speaker as well as the slides and
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slide annotations. Audience members can interact with the speaker in three
ways: they can speak to the presenter, they can “vote” anonymously on an
issue raised by the speaker, and they can send in written comments. Because
they are in a multitasking environment, they can switch their attention
between the Forum talk and other applications on their desktop or other
activities in their office.

The audience's interface is shown in Fig. 9.6. The main window in the
upper left shows video of the speaker, and the controls below it manage
the audio parameters. The control panel to the right of the video provides
three mechanisms to interact with the speaker: spoken questions, polls,

Colonies of Bees

*One queen
20,000 to 70,000 workers

-Q‘izwhundmd drones during mating season
y

FIG. 9.6. Forum's audience interface. Audience members watch the video
and interact with the speaker in the upper left window. Here, Ellen Isaacs
is asking a question as three others wait in line to speak; the results of an
carlier poll appear in the Poll meter. Audicnce members view the slides in
the lower window, using the thumbnails to view slides independently of the
speaker. The audience window shows a list of attendees and atlows audience
members to send each other text messages.
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and written comments. An audience member who wants to speak gets in
the queue by clicking on the button at the bottom of the window. When
the speaker calls on her, she presses and holds down the Speak button.
Fveryone can hear her speak and they can see her picture with her name
above it. Speakers use the poll meter in the upper right to ask the audience
a question. To vote on a poll, an audience member clicks on the Yes or
No option and the bar chart changes accordingly. To submit a wiitten
commentt, the user clicks on the Comments button, types a comment into
the popup window that appears, and sends it to the speaker.

Audience members can also find out who else is watching a presentation
by clicking on the Audience button, which brings up the Audience window,
shown to the right. Users can click on a name to see that person’s icon,
their location and phone number. They can send that person a short
message by clicking on the Message button, which brings up a small window
pre-addressed to that recipient. When they send the message, it pops up
on the other person’s screen in a small window with a Reply button. Finally,
audience members see the speaker’s current slide in the slides window,
and they can click on a thumbnail to view a different slide at any tme.
1o sheakec's

Users can see ihe speaker’s annoiaiions und ihey can make their own private

annotations.

Study

We studied the use of Forum using both informal and formal approaches.
The informal testing went on throughout the process of developing Forum.

weekly basis, we asked people aroun > talks over

asked people around the company to gi
Forum on a tepic of their choice. The talks were attended by a small
community of people who were willing to test Forum and, for any given
talk, were interested in the topic. During each talk, we videotaped the
speaker and at least one audience member. We sent out periedic ques-
tionnaires to the audience members, and we interviewed the speakers and
some audience members. During that period, we made many refinements
to the functionality and interface, many to enable smoother interactions.
We also learned a great deal about both speakers’ and audiences’ experi-
ences (Isaacs, Morris, & Rodriguez, 1994).

After a series of design iterations based on informal testing, we ran a more
rigorous test to compare Forum presentations with those given in a local
setting (Isaacs, Morris, Rodriguez, & Tang, 1995). In this study, seven talks
were given once over Forum and once in a local setting. The talks ranged in
topic and style {e.g., lecture, informat talk, discussion session). For each talk,
we videotaped the speaker and an audience member, sent questionnaires to
allaudience members and the speaker, interviewed the speakers, and logged
Forum user activity.
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Lessons Learned

Much of what we learned about video stems from the fact that video is used
asymmetrically in Forum. Although the audience members can see the
speaker, the speaker cannot see the audience. We chose this design to
minimize network bandwidth and because very few audience members had
video equipment. In the future, these limitations will disappear, but our goal
was to design something that could be used with current technology.

Our most striking finding was that audiences were extremely enthusiastic
about Forum and in most cases preferred it to local talks, whereas speakers
found it less rewarding to give a talk over Forum than in a face-to-face setting.
Although other factors contributed to this difference, video played an
important role. The questionnaire data and interviews indicated that speak-
ers’ biggest complaint was that they could not see the audience. They found
it difficult to gauge the audience’s level of interest, degree of understanding,
and general attitude toward their material, One speaker said he liked trying
out Forum because it was an interesting technology, but “insofar as a way to
actually communicate the content, it was less fun, because of the inability to
Jjudge audience response and to get to know any members of the audience.”
Unless they worked hard to draw out the audience through the other
interaction channels, speakers found it difficult to adjust and respond to the
audience. Even the static image that appeared when an audience member
asked a question was a welcome visual cue for speakers.

On the other hand, audiences could see the speakers and felt more
connected to the speakers than vice versa. We can tell from analyzing video-
tapes that the video played an important role in helping audience members
focus on the presentation. Still, few audience members explicitly mentioned
the value of video in their questionnaires. Instead, when asked about the
value of the visual information, most audience members mentioned that the
slides were helpful and that they liked it when speakers showed videotapes
or demos through the video channel. It appears that audiences, who had
video of the speaker, took that information for granted, whereas speakers,
who didn’t have video of the audience, felt limited by its absence.

A second major finding was that more people attended Forum talks
than local talks (for the same talk), by more than a 2 to 1 margin. An
average of 141 people attended Forum talks, compared with 60 for local
tatks. As a result, Forum speakers received greater exposure than they
would have otherwise. By interviewing speakers, we learned of many cases
when speakers were approached long after their talk by people who rec-
ognized them from their Forum talk. We suspect that audiences felt as if
they knew the speaker more than they might at a large presentation because
each person had a close-up image of the speaker, who appeared to be
talking directly to them.
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The video channel was also used to transmit visual information other
than the speaker’s head and shoulders. A number of speakers played
videotapes during Forum talks, which appeared in the same video region
of the interface, temporarily replacing the speaker’s image. The speaker
could be heard while the video was playing. In addition, two speakers
showed demos during their talks, pointing the camera at an object and
manipulating it as they described how it worked. In these cases, the video
channel was used to provide visual information about objects, rather than
to support face-to-face interaction (Nardi et al., chapter 23, this volume).

These observations indicate that video plays an important role in estab-
lishing relationships among the participants and in demonstrating objects.
However, we once again found that video is most effective when combined
with other interaction tools. Clearly, the speaker’s audio was the most
important channel for the audience; it was not uncommon for people to
listen to a talk while doing other work, focusing on the video when they
wanted 1o pay closer attention. We know from the videotapes and speakers’
interviews that the audio questions from the audience also provided the
richest source of information about the audience. The importance of audio
is highlighted by one of the audience’s frustrations, which was their fnability
to express laughter or applause. The “press to talk” audio model was
required to avoid audio echo problems, but it prevented audiences from
giving ongoing audio feedback to the speaker. Some Forum audience
members even sent in written comments to speakers at the end of their
talks explicitly praising the talk. Because they could not applaud, they had
to find another way to show appreciation.

e of the mo
Onc of the mo

¢ rprising findings was how effectively the poll provided
a sense of the audience. The poll is a very simple device that gives anony-
mous, yes—no information about the audience, but it was because of this
simplicity that it became so useful. Speakers could ask frequent questions
o get a feel for the audience’s attitude and the audience could easily and
anonymously convey their opinion. The poll served to keep the audience
involved and the speaker connected to the audience. The cffectiveness of
the poll was a good reminder that interactivity can take many forms; the
key is to provide the right tool for the right situation. In some cases, video
provides the right information; in others a simple yes—no or text-based
interaction tool fills the need.

i

THE ROLE OF VIDEO

Based on our work with these prototypes, we have come to appreciate the
variety of ways in which video supports and enhances collaboration. There
is no one right use of video. Each is appropriate for different tasks and
settings, and in many cases video serves multiple purposes.
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Enhancing the Users’ Experience. Perhaps our most obvious finding is that
people like to see each other when they interact (Gale, 1990; Rudman etal.,
chapter 10, this volume). Regardless of any cognitive benefit video may
provide, people like having it, whether they are in one-on-one interactions
or watching lectures. We saw from the DVC study that people stopped using
the prototype when the video was removed. Later we saw that people
contacted each other for impromptu interactions over Montage more often
than they did when they had to use the phone. In Forum, the video is an
important reason why audiences had such an enthusiastic response to the

technology.

Interpreting Visual Information in Interactions. Video helps people inter-
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Tang, 1994; Rudman et al., chapter 10, this volume). In one-on-one inter-
actions, people use video to help time their contributions and interpret
each others’ attitudes. We saw cases when people used gaze awareness to
indicate that they disagreed with a speaker. A smile along with a sarcastic
remark helped defuse a comment. Gestures were used to enhance descrip-
tions. In addition, video opened up room for more casual and less focused
conversations. If someone paused to consider an issue, the other person
understood that they were not simply being unresponsive. If a visitor
dropped by or a person became distracted, the other person could easily
understand what was happening. As a result, we, like others, saw cases of
longer “office share” connections with intermittent focused interactions
(Bly et al., 1993; Fish et al., 1993; Mantei et al., 1991).

In multiparty interactions, video also helps people manage not just when
to speak but who will speak next. It also helps a speaker get a sense of the
groups’ reaction and to adjust as they speak. The lack of this video feedback
in the one-to-many situation of Forum clearly disrupted speakers. They
had few cues of the audience’s understanding of, agreement with, or ap-
preciation for their presentation, and so could not adjust their remarks
accordingly. They ended up less satisfied with the experience relative to
a face-to-face presentation.

Enabling Distributed Conversations That Would Not Happen Otherwise. Be-
cause video enables the interpretation of subtle visual feedback, it opens
the possibility of having conversations about sensitive or private issues that
people are reluctant to conduct over the telephone. Although people
prefer face-toface settings for such delicate discussions, we found that
people were willing to hold them over video but not over the phone.
During one conversation, two people turned off the video camera that was
observing their activity for our study purposes because they thought the

topic was too sensitive for us to record, but apparently it was not too
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sensitive to discuss over a video link. When people work across distant

locations, they rare]\/ have the opnortunity to have facetoface conversa-

callo they rarel the opportunily o nave iace-teIace Conversa

tions, 0 the video cnables them to talk about issues they simply would
ignore if only the phone were available. This is a subtle issue that affects
groups that work together over long periods of time; conflict is bound to
cmerge and it must to be handled well to keep the group functioning
productively. This effect has not been explicity or extensively studied, so
it remains an open question how far we can generalize from our findings.

Auwareness. Video plays a critical role in providing awareness. From the
DVC prototype, we learned that interactions are greatly facilitated if people
know when others are around and whether they are available to talk. Video
is perfectly suited to providing these
of Montage enabled people to interpret effortlessly whether someone was
available to interact or whether they should try again later. Through video
it is easy to tell if a person is on the phone, busy with a visitor, engrossed
in some work, or not there. If someone is glanced when they are busy,
they can look toward the video and recognize the glance, perhaps using
nonverbal cues to indicate that they will get back to the person later. Of
course, awareness usually trades off against privacy, so it is important to
enable users to control others’ access to them.

Our experience with Forum expanded our understanding of the role
of awareness. Among large groups, awareness involves knowing not only
who is around and their level of activity, but the size of the group and
their level of responsiveness. An awareness of others present helps partici-
pants in large groups frame their contributions, and it sets up later inter-
actions. An awareness of the size of the audience shapes participants’ style
of interaction, and knowledge of participants’ level of responsiveness in-
fluences everyone’s interpretations of the event. The role of video in ena-
bling awareness has been noted for some time (see Isaacs et al., chapter
22, this volume).

S D |
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Providing Identity and Recognition. Forum also demonstrated the impor-
tance of video for establishing the identity of a person, especially when
the participants have never seen each other, When people first meet, they
feel they know each other better if they have previously seen each other
than if they have only heard each other. In the case of Forum, where
speakers’ images were broadcast to people distributed across many loca-
tions, the video provided valuable recognition to the speaker. Others see
that person later and identify them, and perhaps approach them for an
interaction. This role of video has not been discussed much in the video-
confere

ng literature, but we note that television has demonstrated con-
nat telewision has aemonstrated con

vincingly [hc power of \ndeo to enable widespread recognition.
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. Creating o Focus. We were reminded by Forum of the simple point that
video helps provide a point of focus. We noted that people often did other
lightweight work while attending Forum talks, but when they wanted to
pay closer atiention, they watched the video, even though the “talking
head” image provided relatively little dynamic information. In other cases,
speakers used the video to show an ohject, which also gave the audience
a focus and a shared understanding of the visual material. Nardi et al.
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urther discussed this use of “video as data.”

DESIGN OF VIDEO

During the course of our work, we also have learned some design guidelines
for using video in applications for face-to-face interaction, which we de-
scribe here. We qualify these comments with a reminder that we have
worked with low-quality digital video (4-10 frames per second, low resolu-
tion), which may reduce the visibility of subtle social cues. Previous work
indicates that very-high-quality video only marginally improves the quality
of work (Olson et al,, 1995), but that it does affect the mechanics of
conversation and users’ satisfaction with the experience (O’Conaill, Whit
taker, & Wilbur, 1998).

Audio Latency Matters More Than Audio—Video Synchronization for Real-Time
Interaction. In our DVC prestudy, we first learned the importance of mini-
mizing audio latency when supporting live interaction, a finding that has
been confirmed by others (Kurita, Iai, & Kitawaki, 1993; O’Conaill et al.,
1993). When the time is longer than about 400 msec between when one
person says something and the other person hears it, conversations become
far less interactive. We found this effect even with constant delay from a
switched system. Because it is difficult to time peoplé can no
longer rapidly exchange utterances. Because humor heavily depends on
timing, it starts to disappear. Because conflict management depends on
quick responses to feedback, people back away from controversial issues.
As a result, conversations with delayed audio are not only frustrating for
participants, but they consist of extended monologues about straightfor-
ward topics with little humor (Krauss & Bricker, 1967; O’Conaill et al.,
1993). If a design trade-off must be made, it is best to sacrifice audio—video
synchrony to cnable low-latency audio. Although it is also disturbing to
see someone's mouth moving after hearing their utterance, people seem
to be able to adjust to this much more eflectively than they do to audio
delays. Of course, when video and audio are used in noninteractive con-
texts, audio and video should be synchronized.
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Video Is Often More Effective When Combined With Other Means for Interac-
ion.  Although video can be used alone i i

effective when combined with other media. Audio is the obvious comple-
ment to video, but other types of media arc often useful. When people
interact, they often want to show each other things and write things down
so they can be saved for later use. It is useful to enable them to share
graphics, text, and applications. In Forum, we provided a “poll mechanism”
to enable the relatively common technique of surveying the audience. Even
if video of the audience had been provided, it would have been too unruly
to manage this process. The lesson is that one should consider providing
mechanisms to support visual hehavior that cannot be accomplished com-
fortably through video.

ally more
ally mor <

Very Short Connection Times Are Critical for Supporting Lightweight Interac-
tions. To effectively support lightweight interaction, audio and video con-
nections among computers must be established very quickly. When using
the phone, people often expect to make contact within three rings (about
10 sec). Our experience with the DVC prototype indicated that longer
delays caused users to resort to the phone for short interactions. Even with
Montage, it took an average of 11 sec for a glance to appear after it was
initiated. This delay sometimes detracted from the goal of supporting
lightweight interactions. Although responsive performance is always an
issue with applications, it is especially important with desktop conferencing.
If connections take longer (or even feel like they take longer) than a few
seconds, users will use another mechanism or use videoconferencing only
for more formal, extended interactions.

Provide a Sense of Approach When Establishing Video Connections. When
video is used to connect people, designers should let people prepare for the

pending connection by providing some warning. In the physical world we
1 rom the

can often hear people approach, wl ¢ e tr
previous activity to the interaction. The designers of Cruiser found that
people were disturbed when large video images of others’ faces suddenly
appeared on their monitor, even though they were aware that this could
happen (Fish et al., 1993), whereas the RAVE system found audio cues to be
helpful (Gaver et al.,, 1992). Based on these observations, we designed
Montage glances to fade in rather than pop up and to be preceded by an

audio cue. This approach felt more comfortable and natural to users.

Provide Ways for People to Protect Their Privacy. When people are told
about applications that allow them to contact people over video, many

react by expressing concern about their privacy. Although most users do

not often take advantage of privacy controls, we have found that they will
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not even experiment with the system without the possibility of blocking
access. Thercfore, it is very important for the adoption of the technology
to provide reasonable privacy controls. It would be a mistake to try to
convince someone that they don’t need access control because most people
don't use it. 'Ihey use” it to feel comfortable that the system will let them
control their privacy.

THE ROLE OF METHODOLOGY

Our understanding of our prototypes is shaped by the type of use studies
we conducted and the measures we took. As we have shown, we believe it
is important to use a combination of approaches and measures when
collecting and analyzing data. Each method provides useful information,
but when different ones are combined, a richer picture emerges of the
effect of technology on people.

In particular, we prefer to combine both quantitative and qualitative
measures. Quantitative results, such as usage statistics or frequency counts
of specific behaviors, can identify reliable patterns in the data, which can
be used to confirm or deny theories about user behavior, But quantitative
information often provides only broad descriptions of phenomena. To
understand how and why the behavior takes shape, we use qualitative
measures, such as descriptions of specific events detected in the videotapes
or comments {rom user interviews. It is also important to distinguish ob-
Jjective and subjective data. For example, it is helpful to use videotapes to
count the occurrences of a certain behavior (an objective measure), but
asking users why they chose that behavior (a subjective measure) helps fill
out our understanding.

During the Forum study, we used findings from different sources to
motivate investigations with other types of data. For example, we used the
VldCOUiDCS and the IOQQ to count the number of questions asked in local
and Forum presentations (a quantitative, Ob]CLtIVe measure of interactiv-
ity). However, we noticed from the tapes that the local talks “felt” more
interactive (a qualitative analysis), and the questionnaires indicated that
local audiences thought the questions were handled better (a quantitative
measure of a subjective reaction). We returned to the videotapes and
noticed that questioners in local talks seemed to ask more follow- -Up qles-
tions, which created a dialogue between the speaker and the audience
member. From this qualitative analysis, we then counted the number of
follow-up questions in Forum and local talks (quantitative measure) and
found that indeed they did occur significantly more often in local talks.
Finally, the interviews confirmed that this type of dialog contributed to
the speakers’ satisfaction with the experience. By combining measures, we
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not only know that local talks had more speaker-audience interactions,
but we know the form they took and their effect on the participants.

In some cases, we noticed a conflict between the objective and subjective
findings. In the Montage study, early interviews indicated that people con-
sidered protecting their privacy to be critical, which led us to build in a
“do not disturb” mechanism to block video access. Once Montage was
deployed. the logs showed that most people rarely used the privacy control.
Interviews confirmed that they felt comfortable with the privacy offered.
By combining these subjective and objective data, we determined that user
acceptance depends in part on making privacy controls available, even
though in practice most people do not actively use them. The behavioral
measure would lead us to conclude that access control is not a necessary
feature because it is rarely used, but the subjective reactions help us un-
derstand its importance to users.

In general, we have found that objective performance or usage data do
not fully reveal the effect of a technology on users, We do not always know
what aspects to measure to predict users’ reactions (e.g., we may measure
efficiency when users are more concerned with the quality of social inter-
action), and some aspects are difficuit to measure {e.g., whether peopie
feel comfortable using video to discuss sensitive matters). Because we do
not understand when and why objective and subjective measures are not
well correlated, we should explore both aspects of technology to fully
understand its implications for use.

CONCLUSION

We have reported on use studies of a variety of prototypes that use video
to support collaborative work. Our studies not only confirmed that users
like video, but also uncoveled concrete information about the value of
video in supporting interaction. In many ways, our work builds on the
emerging body of work that conflicts with the earlier literature that did
not find any demonstrable value of video. Studies by Ochsman and Cha-
panis (1974) and Gale (1990) found no significant differences in compari-
sons of collaborative activity with and without video. There are two
fundamental reasons why our studies found evidence for the value of video
where earlier studies did not,

First, our studies involved prototypes whose design was shaped by an
understanding of the needs of remote collaborators. Gur question has not
been “Is video useful?” but rather “How can video be usefully integrated
into people s work practice?” As is often the case, it is not raw technology

useful, hut rather its desion into artifacts that fit into users” work

practice. By doing studies of users’ work activity with existing technology,
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. we come to understand people’s needs well enough to integrate video with
other technology to develop useful designs.

Second, our use studies combined methodologies and observed the
prototypes in the context of real work activity. By combining quantitative
measures of user behavior (computer logs, behavior frequency counts from
videotape data, questionnaires} with qualitative analyses (descriptions of
videotaped activity, interviews, essay questions in surveys) we could appreci-
ate a variety of perspeclives on people’s use of the technology. Also, studying
people using technology in the context of their real work over time can reveal
patterns of use that may be missed in laboratory studies, which often must
usc relatively contrived short-term tasks, sometimes with groups that would
not otherwise work together. Those studies enable researchers to isolate
specific causes of behaviors, whereas field studies reveal realistic
among representative groups of users doing naturalistic tasks.

We are encouraged that so much innovative research is being conducted,
both in the lab and in the field, in the spirit of understanding users’ goals
and needs. Taken together, this research will help us design video-based
technology that not only supports people’s tasks but expands their ability
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work with a wider
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NOTE

1. We use the term wse studies rather than the maore con

non tern s

study the use of the technology in context, rather than the users of the technology.
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Channel Overload as a Driver
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In this chapter we build a theory of what may influence groups to invest in
desktop video to support their work, given the relatively high costs of networks,
software, and computers. The theory is motivated by a synthesis of two studies.
In the first, groups of graduate students vol d to use desktop conferencing
to complete nultiple, highly complex class assignments (Dykstra-Frickson et al.,
1995, Rudman, Dykstra-Erichson, Herlz, Schmidt, & Marshall, 1996). In
the second, we identified preexisting needs of distributed organizations for long
distance visual information exchange (Rudman, Herlz, & Roberts, 1996).

These two studies allowed us to see how people learn to communicate visually
with long-term exposure to videoconferencing and how real-world pressures may
drive the need to take advantage of such newly acquired skills to overcome the
restricted channel capacity of audio and data communication.

INTRODUCTION

If we could accurately anticipate the future role of video for supporting
collaborative work, the communications industry could more effectively
Jjustify the cost of developing the prerequisite network infrastructure. The
future value of video may be underestimated because it has been evaluated
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using traditional research techniques. We argue that short-term laboratory
evaluations with artificial tasks cannot reveal the role that visual feedback
plays in reacting to real-world social and logistical pressures and that simply
observing audio conference calls cannot fully reveal problems that could be
addressed by video. Conference calls that appear successful on the surface
hide serious problems. People limit their goals for such meetings to fit the
constraints of the communication media. These limitations ultimately force
teams io iravel io face-to-face meetings and expand the time required to
complete their work, To predict the value of video, we believe we need to
combine knowledge of organizational goals (e.g., quality and timeliness of
work products), economic factors (e.g., access to distributed markets),
logistical constraints faced by the teams, and the human dynamics critical to
team collaboration. This combined knowledge provides the context for
understanding why travel, reduced access to expertise, and time delays are
costly, and how they drive the use of video for information exchange.

Based on data from our realtime observations of longterm collabora-
tion and analysis of distributed organizations, we propose that eight factors
contribute to the need for video:

. The number of participants in a meeting,

- The level of familiarity of the participants.

. The distribution of knowledge between contributors to the team.
. Task complexity.

. The time pressure associated with the team’s work.

The level of negotiation re

R B A N

. Power dynamics.

o

. The extent to which visual information is shared.

We describe how cach factor contributes to overloading the capacity of
audio and data sharing channels in conference calls and how video works
to compensate for that overload. We provide supporting evidence from
students’ long-term usage and from our analysis of the needs of real-world
distributed groups. Finally, we speculate about how the eight factors inter-
act with each other to influence a group’s potential need for the video
channel. We begin with overviews of the two studies and their results.

GRADUATE STUDENT TEAMS

Students in two 10-week business courses agreed to carty out all their team
meetings using desktop conferencing. The students worked on case studies
from real businesses or on marketing projects from other MBA courses.
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The desktop conferencing system was installed in four offices in a building
at the University of Oregon Graduate School of Business (Dykstra-Erickson
et al.,, 1995; Rudman, Dykstra-Erickson, Hertz, Schmidt, & Marshall, 1995).
The workstations provided four-way, full-duplex audio, video views of all
the participants, file sharing, and a shared workspace (Timbuktu™). The
bandwidth of the audic and video could be set high (15 kHz audio, NTSC
video at 30 frames per second} or low (3 kHz audio, 64 kbps video at 15
frames per second). Both the video and audio low-bandwidil
were delayed by 500 msec to mimic current low-bandwidth systems. The
offices had telephones and fax machines, Observation cameras recorded
face, screen, and full-room views.

o1l

Course 1

Eleven students enrolled in a Business Strategies course created three
teams to solve four complex business cases. They worked in the lab for
one session per week and had to produce case recommendations during
the meetings themselves. All teams used (a) audio conferencing and fax
machines for their first assignment, (b} low-bandwidth audio and video
conferencing with file transfer for their second assignment, and (c) high-
bandwidth audio and video with application sharing for their third. The
increasingly complex configurations were provided progressively to avoid
overloading users with new capabilities. In the last project, different teams
received one of the three configurations.

Course 2

Fifteen students in a separate Marketing Communications course created
four teams that worked on three open-ended marketing projects. Each
team built a marketing strategy for a local business using data collected

from the outside world. They created one report for each 3-weck project.
bt

The teams could uge the conferen

AAAAAA rfer ng system as often as thev |

syst
could not meet face-to-face. They also could use e-mail and the equivalent
of “overnight” mail. For their first project, they used full-duplex audio, file
sharing, and the shared workspace, but no video. For their second and

third projects, NTSC video was added.

Quaiitative anaiysis of the videotaped meetings identified ciasses of com-
munication transmitted through the audio, video, and data-sharing chan-
nels. We also documented the problems the students encountered when
attempting to complete the assignments with the varying levels of commu-
nication support. Multiple questionnaires and interviews carried out after
most of the individual sessions explored the seriousness of these problems
and the perceived vatue of the video and datasharing channels for sup-
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porting each class of communication. The students in the Marketing Com-
munications course also wrote term papers in which they explicitly evalu-
ated the value of video.

Problems with Audio Gonference Calls

The analysis of the tapes from the Business Strategies course revealed that
there were dramatic problems trying to use audio conferencing to solve
the business cases, even though there was no delay of the audio. These
problems demonstrated that the channel capacity of audio and fax was
not sufficient to complete these complex tasks in real time. The 3 or
4-person teams needed to share complex data and then negotiate strategies
for analyzing and solving the cases using only voice and fax. They needed
to conﬁrm each others’ level of understanding of the data they faxed and
determine their level of agreement on strategies without seeing each
other’s faces. Only one person could give feedback at a time because they
could not see each others’ nonverbal reactions. Without visual feedback
from the other team members, they had difficulty knowing when they were
paying attention—iet alone whether they agreed with each others’ sugges-
tions. They also could not tell whether they were understood by the silent
members of the team, and they sometimes had to interrupt each other
awkwardly. When new data, concepts, variables, contingencies, justifica-
tions, and conclusions were introduced, other participants often provided
no feedback about their relevance or level of importance. Key ideas that
were needed to solve the case were often lost.

For all the cases, students needed to identify subtasks (e.g., locate in-
formation, calculate numbers, develop documentation) and plan ways to
integrate the information during the meetings. But in the audio calls, they
could not see each other to determme how willing others were to take on
tasks. During the work, they could not see what others were doing (e.g.,
when they were out of the room, locking at paper, looking at the screen,

typing). They sometimes did not know “who was talking to whom. They
delayed asking others about their status for fear of interrupting their work.
When they did ask, they sometimes created illtimed interruptions and
when they got no immediate response they sometimes started yelling. They
had problems Rnowmg when others needed hclp because they could not
see each other’s level of frusiraiion as we could mroug;n our observation
cameras. Nor could they see each other’s level of discomfort about had
assumptions, about intermediate calculations, or about errors in logic and
overall conclusions. It was difficult to anticipate good times to break into
discussions (Jefferson, 1973; Sacks, Scheclos, & Jelferson, 1974) because
individuals could not presignal their need to talk with facial expressions
and gestures and they could not get nonverbal feedback from the speaker.
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Both our observations of the sessions and the students” comments in
the following interviews showed that, in general, the students had problems
evaluating each other’s level of attention, concentration, and frustration,
determining how angry or happy people were, determining how easy or
difficult a task was for them, and deciding when was an appropriate time
to speak. They couldn’t read each other’s moods when they were silent,
and the need for division of labor discouraged interruptions. Acknowledg-
ment, thanks, critiques, feedback on acceptable social behavior, and jokes
were infrequent because they needed to use the auditory mode for task-
oriented communication. Conclusions generally were shared verbally, and
team members’ widely varying levels of confidence in those conclusions
were not visible.

The Moment-to-Moment Role of Video

Video later allowed the students in both courses to watch each other’s
faces, body language, and gestures. They also held up reports and graphs
and enacted visual jokes {e.g., unfocusing the camera). In both courses,
gestures were used to help regulate the flow of conversations (e.g., hands
up, wiggle finger, cup hands around mouth). Other gestures conveyed
important messages without interrupting the ongoing conversation of oth-
ers (e.g., pretending to point a gun to say they didn’t agree, tilting hand
side to side), whereas others allowed all members of the team to respond
simultaneously to a question posed to the group {e.g., thumbs up, OK,
head shake). Students mimicked cach other’s gestures to acknowledge
understanding (cf. the concept of “local language,” Dvkstra & Carasik,
1989; Dykstra-Erickson et al., 1995} Heath and Luff (1991), in contrast,
found gestures to be ineffective for videoconferencing—presumably due
o equipment differences and shorter length of exposure.

After the students in the Business Strategies course were exposed to all
three configurations with the first three case sLudies, lhey rated the useful-
ness Of?.‘dd}ﬁ, V}d\.v, aud data shanng for 14 uaaaca UL information mumusc
that we had abstracted from the videotapes. They used a scale from -1
(interferes) to +2 (highly valuable). Overall, high-bandwidth andio was rated
1.6 and low-bandwidth audio, 0.8. The delayed audio resulted in frequent
audio collisions {e.g., multiple people responding to a delayed question or
the speaker restating a question just as an answer comes back). Kurita et al.
(1993) reported that an audio delay of 380 msec would be more Lolerable
than 500 msec even if the video delay remains at 500 msec. However, fast
turn-taking would likely require a delay of 60 msec or less to avoid audio
collisions. File transfer and the shared work space were rated 1.1 and 1.0,
respectively. High-bandwidth video was rated 0.8 overall but low-bandwidth
video received a—0.3 rating. The video ratings are shown in Fig. 10.1 for each
of the types of information exchange that we had identified.
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The high-quality video was particularly valued for understanding how
others feel, and showing how you feel (above 1.75). It was rated as useful
for tracking progress, coming Lo consensus, negotiating, reporting findings,
contributing ideas, and analyzing issues (ail 1 or above). The low-bandwidth
video received much lower ratings, due to reduced resolution and the
Yrsec delay. It was rated as actually interfering with sharing data and con-
tributing ideas. This is in part because the students resorted to using
regular phone lines to communicate with each other with no audio delay.
The video with a 500-msec delay was therefore not synchronized with the
immediate audio they heard over the phones. Data reported by Wilson,
Smith, and Wakeman {1993) suggest that negative ratings are likely even
if there is no synchronization problem. They presented subjects with de-
graded spoken words that could be recognized 50% of the time and meas-
ured the impact of adding progressively better video channels on increasing
the recognition of the words. Their 64-kb vidco (similar to the low band-
width wsed in our study) actually lowered recognition rates marginally.
This was presumably due to the fact that the poor-quality video was dis-
tracting. The 128-kb video raised recognition by only 6%, whereas the
384-kb video raised recognition by almost 16% (slightly higher than the
rate for NTSC video).

We later asked students in this course to rate the value of the high-
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1g specific fypes of visual information that we
had observed during the sessions. Their ratings are shown in Fig. 10.2. We
see in later discussion that a number of these types of information are
particularly important to real-world distributed businesses.

In interviews with groups from the Marketing Communications course,
the students tended to report gleaning information about transient mental
states, like level of understanding, from the video more than more stable
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FIG. 10.2. Value of high-bandwidth video for visual information exchange

(0 = no vahue and 5 = very high value).
characteristics of the individuals, like physical appearance—although these
students already knew each other fairly well before taking the course and
would not necessarily have had to rely on the video for this information,

For this second study, we worked with 20 real-world distributed organiza-
tions to determine practical and economic factors that would drive the
need for desktop conferencing in general and video in particular (Rudman,
Hertz, & Roberts, 1995). Our methods were to a large extent anthropological.
We attempted to identify a range of cases that had relevant characteristics
(distributed groups dependent on highly complex collaboration). We then
explored the goals and communication patterns of these organizations
with open-ended interviews at their places of work. In addition, we observed
face-to-face meetings of 11 of the groups, noting instances of classes of

change and documenting illusirative scenarios.

After the interviews, 14 of the groups tried out a desktop conferencing
system either to run one of their standard meetings or to more generally
evaluate ways in which the technology could support their work. The system
was set up in the business schools at Oregon State University (OSUJ,
University of Oregon, and Pordand State University (PSU). Two Silicon
Graphics Indy™ workstations at each site provided the InPerson™ confer-

I forimatio
WIormaric
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encing software (version 1.0). This provided simultaneous video views of all
conference participants, fuli-duplex audio {16 kHz sampling rate), and a
shared whiteboard which allowed participants to capture and annotate
apphlication windows or video frames. A computer-aided design program and
a World Wide Web browser were available as needed, and Xielescreen™
supported sharing of applications. An emulation package supported Mi-
crosoft Windows™, Word™, Excel™, and PowerPoini™. Audio was captured
with room-sensitive mwrrmhmwc and heard rhrough headphones o avoid
feedback. Video images were captured with gooseneck cameras.

We worked with groups from high-tech companies including computer
sales managers, software developers, a factory automation company, and
a high-tech asphalt testing company. We also worked with a variety of
designers including architects and graphic designers. We worked with ad-
ministrators fike university deans, the managers of a national laboratory,
and the staff of a venture capital firm, We also worked with groups that
were responsible for managing and evaluating distributed systems, includ-
ing evaluators of US West's repair methods and managers of bookstore
inventory and point-ofsale systems. Finally, we worked with educators, in-
cluding computer science faculty and faculty from a community college
providing programs for small businesses.

Macro Factors: Trade-offs Between Travel, Access
to Collaborators, and Quality of Commumication

This study provided a “larger picture” of groups’ overall motivation. All
the groups constantly traded off the costs of travel with the henefits these
contacts made for exchanging quality information that allowed them to
reach their goals more effectively. We arc able to draw inferences based
on this macro view provided by these groups as well as on the micro view
that we had obtained by observing the students. The distributed groups’
preexisting communication problems, which we summarize next, clearly
suggesied needs for data sharing tools. But we also uncovered needs for
video, and the participants’ value ratings for video concurred.

Nature of Team Distribution

The realworld teams collaborated between Eugene, Corvallis, and Port-
land—Oregon towns that are spaced along Interstate 5 about 2 hr drive from
one another. They also worked with groups distributed across the Pacific
Northwest and the rest of country. A variety of pressures forced them to work
ata distance. Some groups like the Bureau of Mines distributed responsibili-
ties between locations, whereas others like the asphalt testing company had
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distributed customers and suppliers. Educators tried to reach students who
were widely distributed. Members of professional associations like the Pacific
Advanced Communications Consortium (PACC) shared commeon interests
independent of location. Al of the groups had challenges locating people
and scheduling time to meet with them. For many of the groups, collabora-
tion bridged multiple cities and institutions, making meetings especially
difficult to schedule. Communication problems were multiplied by the fact
that people belonged to multiple groups. For example, the Apple Computer
sales manager for the universities in Oregon coordinated with three distinct
groups in each of the three universities. In general, representatives of
relevant organizations were not always available to meet, and experts
sometimes could not contribute in a timely manner. This caused delays in
completing group objectives.

Costs of Travel

The people in these 20 organizations traveled up and down Interstate b
frequently to collaborate within their own organizations and traveled to

other states on a regular basis. The costs of travel included airfare and

hotels, lost work time, and fatigue—and these costs were sometimes pro-
hihitive. Costs increased, of course, with the number of participants and
with the dispersion of those participants. Advanced Control Technologies
sometimes rejected clients on the basis of travel costs. They also could not
afford multiple trips to equipment vendors or subcontractors who were
distributed in multiple cities, and this resulted in costly surprises about

design req

ements for factory automation. All teams found it difficult o

include key people in meetings and sometimes had to travel to track them
down after meetings.

Problems with Audio Conference Calls

All of the groups could articulate their frustrations with audio conference
calls. As with the student teams, the distributed group members reported
that they couldn’t see when others were paying attention or see nonverbal
feedback. Again, key problems were regulating the flow of conversation
and communicating attitudes. Conference calls were particularly ineffective

sure thae

architects needed to re that

people could view and approve changes of building designs. They resorted
to driving between sites only to find that the person they needed to talk
to was not available. Leaving the design drawings there and discussing
them afterward by phone caused problems because of difficulty coordinat-
ing visual reference points and explaining possible fixes verbally.

{ eviewing oran.
for reviewing grap
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Need for Visual Contact During Meetings

People needed to recognize faces and learn about each other’s work styles.
For example, the PACC invited experts in computer science and journalism
that did not know each other to evaluate opportunities for distance edu-
cation. They claimed personal styles were garnered by face-to-face contact,

providing social leverage for renewing contacts in the future.
In addition, the manacement at the Rureau of Mines indicated thar

ddition, the management at the Bureau of Mines indicated that
visual contact was important for building organizational trust between peo-
ple who know each other. Directives from management in Washington
sometimes required downsizing or redistribution of areas of responsibilities
among the nine labs across the country. Interpreting these mandates and
getting information about their effect on the local personnel was very
challenging using only telephone lines. They missed having the visual
contact that leads to trust and translates to confidence in decisions.

In a face-to-face meeting to plan the construction of the OSU Alumni
Center building, we saw how visual feedback regulated the flow of the
conversation in larger, task-oriented groups. Presenters looked at the other
18 people that were present for feedback on a question and others raised
their hands to break in. Silent gestures were used (e.g., nodding to support
a proposal or interpretation, one hand representing budget and the other
building options). Expressions (e.g., smiles) of participants provided a test
of the “pulse” of how the meeting was going. Approximately fourteen 3 ft x
3 ft design drawings were tacked on the walls, and others were shown on an
overhead projector. Presenters constantly (and audience members occasion-
ally) pointed to parts of the drawings and shifted focus of attention using
such visual cues.

We had hints that visual feedback on level of understanding was also im-
portant any time new data were shared. For example, the OSU bookstore
system administrator needed to resolve problems with point-ofsale terminals
and called the database company on the phone for help. He indicated that
feedback on level of understanding was very important in these dialognes
and was not clearly available over the phone. During their initial trial of our
conferencing system, these same OSU and the PSU administrators shared a
view of the database in a window and discussed differences in each other’s
menu customization and some of the more advanced configurations. With
this system, they could observe each other’s level of enthusiasm and under-

standing of various parts of the conversation with the video of their faces.
Needs to Share Prerecorded Video
Prerecorded video was used fairly frequently by a variety of the tcams.

During the face-to-face Alumni Center meeting, they played a video docu-
mentary about a different Alumni Center as an example. The presenter
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talked over the video to interpret it for the audience. Another group of
architects used video clips to show progress on a site. The asphalt testing
company used video to document problems with broken equipment. And
the US West ficld analysts used video to justify the replacement of lead
cable. In that case, they first taped damaged wires, illustrated covarying
factors (weather, squirrel damage), and later recorded the time and equip-
ment needed to repair the wires. During their initial test of our confer-
encing system, one of the US West analysts played the video tape of the
damaged telephone wires for his partner in a different city using the
alternate video input jack and his own camcorder. Both people commented
as they played the tape. One of them copied a frame of the video on to
the whiteboard. Both then annotated it, pointing out the nature of the
repair and the nest of the squirrels that had done the damage. The analysts
felt that showing this to management from a distance would have made
their business case easier to defend. They suggested that transmitting tapes
of damage could help repair teams more effectively plan their work. The
video frames were captured and viewed with larger frame size at NTSC
resolution, overcoming problems with the transmitted video.

The importance of visual views of working equipment was also discusse
Bureau of Mines staff had to fly between sites to use scarce equipment like
scanning electron microscopes. Sometimes these trips were ineffective
because the researchers discovered that they didn’t have the materials they
needed after the first test runs were completed. These interactions always
involved muliiple experts with multiple types of expertise and remote video
views of the equipment would allow any contributor to direct equipment
changes.

el
G

Unmet Needs of Subgroups

During face-to-face meetings, subgroups often contributed to only a part
of a discussion and wasted time listening to the rest. Further, subgroups
could not work together on subtasks during meetings because this dis-
rupted others. The Advanced Control Technologies software people left
a meeting so they could work to meet their deadlines even though impor-
tant topics were discussed by the remaining staff that included managers
and hardware experts. The conferencing system allowed the participants
to freeze their video image. Several participanis used this feature while
they performed other tasks but still participated in the meeting. One par-
ticipant froze the video for the first half of a meeting while he prepared
1o lead the second half. With this system, participants also could mute the
ourgoing audio. The PACC group insisted that the mute be used so side
conversations between people in one room would not disrupt the group.
It also was possible to start a separate video conversation during a larger
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meeting by putting the other meeting on hold. This feature was used
repeatedly by our US West research team when we needed to contact a
variety of people with specialized expertise distributed between the uni-
versities (e.g., network managers) during our own team meetings.

Limitations of Asynchronous Communication

ion tended to be developed by individual

g occumenta
and shared usi g paper mail and electronic mail. Meetings were usually
used only to review changes to the material after it was developed. But
there was ample evidence that this type of asynchronous communication
was causing problems that might be addressed by desktop conferencing.
For example, the US West reengineering committee jointly developed
documentation on a new strategy for providing telephone services. Missing
expertise sometimes required complete revisions to fill in missing data.
Errors (e.g., omission of a job category in a staffing plan) also could lead
to a loss of credibility with other departmenis.

Once, two separate data analyses couldn’t be integrated because people

did not use the same Qﬁmnlmo' assumptions. This group did not have the

benefit of verbal and nonv erbal feedback from other remote team experts
during the development of the documentation iself. In contrast, during
their inidal trial of our conferencing system, the US West analysts worked
together to revise PowerPoint slides using data pulled from spreadsheets.
They indicated that reading each other’s nonverbal reactions about satis-
faction with the content, level of agreement, and so on assured they were
working with the same assumptions and made their meetings more effi-

cient, helping them complete their work during the meetings themselves.

Value Ratings

After the teams completed their first “test drives” they filled out a ques-
tionnaire in which they rated the value of video, whiteboards, and appli-
cation sharing to suppert various needs {0 = no value, 1 = low value, 2 =
moderate value, and 3 = high value). Figure 10.3 shows that even with minimal
exposure, the highest ratings for supporting some of these functions were
for the video.

FACTORS CONTRIBUTING TO THE NEED FOR VIDEO

We analyzed the combined results of both studies to identfy factors
contributing to the need for video as well as the interdependencies between

them. We first describe each factor separately and then provide our theory
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FIG. 10.3. Value raiings for communication categories.

of their interactions. Finally, we illustrate how these factors could be used to
identily groups with high needs for video support. In general, we propose
that the need for video will be highest (and that groups will be more likely
to invest in the added network and computer power required) when their
momentto-moment communication demands exceed the available channel
capacity of the other less expensive communication channels (e.g., audio
and data sharing) and where time constraints, distribution of contributors,
and budgets reduce the motivation to travel. We propose that these factors
combine to influence overload of the previously available communications
channels during specific units of time. Although the audio, data, and video
channels are qualitatively different in the types of information they can carry,
we suggest there is considerable functional overlap. Consequently, video can
be used to relieve pressure for information exchange in the other channels.

The Influence of Team Size

One of the key factors that we propose leads to overload of the audio and
data communication channels is team size. In related studies (Marshall &
Novick, 1995; Marshall, 1996), we observed that people in two-party meetings
can share their level of understanding, agreement, and concern about tasks
verbally with backchannel utterances (e.g., “uh huh”), acknowledgments
(e.g., “yeah right”), repairs (e.g., restatement to repair misunderstanding or
lack of understanding), intonation cues, and so on. We have also observed
that turn-taking seems to require minimal coordination in two-party meet-
ings. In contrast, the three- and four-member student teams we observed
using the video used much more complex mechanisms for providing
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feedback and turn-taking. We saw that the students learned to use the video
channel to transmit and monitor facial expression, body language, and
gestures (e.g., handsup) to indicate the need to talk, to invite feedback from
specific individuals, and to provide silent feedback showing level of under-
standing, thereby also influencing who needed to talk next. The video
channel thus can be used to manage the flow of conversations between
multiple contributors in circumstances where the other channels are needed
for detailed data exchange.

Increasing the number of participants can increase the amount of con-
tent that needs to be communicated. Additional team members add dif-
ferent perspectives on the problem at hand, or have responsibility for
completing a subset of the work. All of the real-world groups we interviewed
involved more than two participants, with some meetings ranging up to
19 members. Such teams need to ensure that the opinions of each are
understood by the group and influence the outcome of the group’s work.
As more team members are added, coordination also increases. The work
of each person is often dependent on the work of the other contributors.
In order to ensure that interdependencies are addressed, group members
need to know what each of the others is working on, whether they are
paying attention when interdependencies are discussed, and whether they
agree. In larger groups, multiple parallel conversations can go on at once.
Sequential questioning in conference calls is tedious and the video provides
an additional channel for this informaticn, allowing the audio and data
channels to be used for data transfer.

The Level of Familiarity of the Pariicipants

Another factor that we propose influences channel overload is the level
of familiarity of the participants. In face-to-face meetings, information
about what people look like and their attitudes can be gleaned by observing
their faces. When a team first comes together, the video channel may be
used simply to glean information about facial characteristics for later face
recognition. The study of real-world teams showed that they notice things
like faces, hair color, age, and style of dress that allow them to recognize
each other when they meet in other contexts, and also to make judgments
that influence their discussions (e.g., estimate someone’s age). They felt
telephone contacts were i i initi because there was
no way to “put faces to names.”

However, we also saw that people learned to interpret person-specific
visual cues. Characteristic gestures, body movements, and small changes in
facial expression started to have meaning (“I don’t agree”) that could be
communicated via video, leaving open the audio channels for other types of
data transmission. In work preliminary to the studies already described, we
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informally observed a business class in which students were asked to form
their own teams. The students who knew each other and had worked
together previously quickly grouped into teams, leaving the others in the
class the challenge of forming teams with less well-known peers. In their
initial face-to-face meetings, the teams who were familiar with one another
seemed to havé an advantage. Their communication seemed more compact
and less comprehensible to us. Facial expressions, directed gazes, and
gesture were used constantly. They seemed to be able to divide up the work
more quickly, possibly due to their use of feedback from the visual channel.

Distribution of Knowledge /Responsibility
Between Contributors

When information is unevenly distributed between people with interde-
pendent responsibilities, it often needs to be communicated, and those
passing on the information need to verify whether it has been heard and
understood. Facial expressions, body language, and gesture were found to
be important indicators of level of attention and level of understanding
for the students. As the disparity of knowledge increases, the need for
feedback required also increases. Also, progress during meetings will be
best evaluated by these with the deepest knowledge of the specific subject
being discussed or responsibility for the outcome of the meeting. Facial
expressions of such experts/managers can have an important controlling
influence on what is said, who talks next, and what actions are agreed on.
We propose that this also frees up channel capacity in the audio and data
channels for complex data exchange.

Many of the distibuted business groups had uneven distribution of
knowledge. The OSU bookstore system administrator’s responsibilities in-
cluded troubleshooting software errors that the derks did not understand.
The balance of distribution of knowledge was reversed when the same
system administrator needed to get help from the database company per
sonnel who walked him through fixes over the phone. This administrator
foresaw uses of desktop conferencing both to support his troubleshooting
efforts with software vendors and to support communication within the
bookstore. The analyst specifically wanted to be able to communicate re-
motely with the sales clerks to provide on-the-fly training on how to inter-
pret the database user interface, and to provide remote troubleshooting
support. He indicated that the video views would have provided informa-
tion on level of understanding and frustration of the store clerks and
would have provided an opportunity to convey information, support, and
humor. And although shared data would allow the vendors to see which
files were loaded, they felt that the video would allow the vendor to directly
see the level of understanding of the analyst.
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Not only did individuals have different types of expertise and responsi-
bilities, but so did subgroups. In the study of students, it was not infrequent
for two subgroups to carry on two distinct conversations using shared
communication channels. These intertwined discussions tended to time
share the audio channel with few actual audio collisions. We now hypothe-
size that this type of pressure increased the value of, and was substantially
dependent on, the video channel (e.g., the ability (o use gesture, and to
interpret other subgroups members’ facial expressions). We suspect that
the experimental Hydra system (see Buxton, Sellen, & Sheasby, chapter
18, this volume) helps users disentangle several conversations even better
by providing spatially separated video views and spatially localized audio.

If we loosely define task complexity as the number of variables being
considered simultaneously in solving a problem, as well as the extent of
interdependency among those variables, then it seems likely that as task
complexity goes up, so does the overall amount of information that needs
to be communicated during distributed meetings. As the number of vari-
ables goes up, the importance of reading nonverbal reactions to that data
increases because of the priority of using the data and audio channels for
data communication. We must be cautious here, however. To the extent
to which team members already share knowledge of the variables and
interdependencies of those variables, such information does not need to
be shared within a meeting.

The influence of complexity was not at first obvious in the face-toface
meetings of the real-world organizations. Although all of the teams were
dealing with highly complex problems (e.g., designing a global positioning
system for utility truck dispatch, designing campus buildings, analyzing
inventory database customization options, selecting candidates for job po-
sitions), the meetings always seemed to he manageable within the time
allowed, taking advau[age of substantial amounts of shared knowledge.
But the interviews revealed that the overall need for information exchange
always exceeded the channel capacity of the meetings. The complexity of
topics covered in the meetings was carefully adjusted to fit practical con-
straints. For example, when highly complex topics were addressed, team
members were careful to limit the number of people involved. When status
meetings were held to coordinate multiple subteam contributions, only
the topics that were relevant to all team members were discussed. And
even the topics in these meetings tended to be limited to changes: new
data from outside the team that changed the uverall direction of the work,
or problems that had arisen during the work that required the team to
change the methods they would use or their timelines. Often topics were
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not discussed in detail in the meetings but rather relegated to action items
for individuals to attend to, or to agenda items for smaller meetings with
a subset of participants.

Although these adjustments ensure that standard meetings are useful,
they certainly increase the overall length of a project and reduce the
perceived usefulness of the meetings for affecting actual deliverables. The
students in the Business Strategies course did not have the option to make
many of these adjustments, This allowed us to predict the role that video
could play in supporting complexity where such adjustments have costs in
real-world settings including travel to face-toface meetings, excluding con-
tributions of distributed collaborators, and extending time lines. As we
have seen, the students were presented with highly complex tasks (e.g.,
setting prices for products} and they were required to address these prob-
lems in very limited time frames.

The increased bandwidth created by the data-sharing capabilities cer-
tainly helped them cope with this complexity. Yet all the students in the
Business Strategies course had no doubt that the video was providing them
information about their colleagues’ mental states, which was helping them
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level of understanding was generally important for all types of coordination.
Knowing level of attention being paid was particularly important for es-
tablishing division of labor and creating a high-quality result. Knowing
level of agreement was, not surprisingly, particularly important for coming
to agreement, and knowing level of enthusiasm was particularly important
for tracking progress.
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¢ can be supported by b ansmission of
mfnrmanon that may not be relevant to the dlscussmn at the time to ensure
a better signal to noise ratio during the meeting but also allowing parallel
progress. We saw this during the trials of our desktop conferencing system,
when team members purposefully shut down the video channel to avoid
distracting others. Although this decreased the total amount of visual
mation transmitied, it increased the signal-tonoise ratio for the other
participants. Thus the participants adjusted the amount of information
transinitted dynamically without having to reduce the complexity of their
own contribution.

N
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Level of Negotiation Required

We also propose that high levels of negotiation can conuribute to the
overload of the audio and data channels. i team members disagree on
actions that need to be taken, they need methods for influencing each other
beyond the audio channel that must be used for information exchange. This

e of the video channel. (See also Short, Williams, &

pressure encol

(Jhrlstle 1976.) Thc previous section illustrates that negotiation is a fact of
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life for complex collaboration where trade-offs must be resolved on a regular
basis. Students’ methods included increasing “social presence” by using
facial expressions to show the level of seriousness of a proposal. They also
sometimes brought the lenses close to their faces when they wanted to break
into a heated conversation or to show a high level of engagement.
Alternatively, they moved away from the camera apparently to indicate
lack of commitment to the negotiation process. The student teams became
conscious of monitoring and conscicusly using facial expressions to show
level of agreement, level of frustration, and level of enthusiasm to influence
decisions. They also used the video channel to negotiate cursor control,
a very important method for influencing the outcome of the work. They
developed gestures to show who was not using the cursor (i.c., hands up,
palms forward) and used additionat video feedback to pass control (e.g.,
hand waves, directed stares). Many of the distributed organizations focused
on the importance of reading their clients’ faces in negotiations and in-
fluencing their teammates through “strength of character.” In summary,
high levels of disagreement (including strength of disagreement and num-
ber of issues) and high needs for negotiation to resolve differences add a
need for an additional level of communication that seems to be well sup-
ported by video.

Power Dynamics

In a related way, the power dynamics of a group can create pressure to
exchange information, and video may play a particularly crucial role,
especially when there are more than two participants. Mechanisms for
gaining power and control include assessing the level of dissonance among
members, determining who agrees with whom, and “taking control” by
asserting one's self. The value of video for supporting such evolving social
dynamics was described in the Marketing Communications students’ final

term papers. They felt that because of the video, each member had the
opportunity to:

* “Take charge’ of an individual session or phase of the project”
“Visually monitor signs of increasing group dissonance through body
language”

“Reduce the group separation factor that could occur without visual
stimulation”

+ “Reduce the group-splitting effect of distance”
Others noted that the video:

s “Makes vou fee

actively speaking up”

g
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« “Allows expressions that are ‘written all over your face’ to be picked

Again, students purposefully influenced social dynamics by adjusting the
camera. They moved in and out of camera range, used the camera to show
their own emotions (facial gestures, zooming themselves outor in), and used
the camera to serve as a proxy (wiggle the camera to connote dizziness, nod
the camera to show agreement, cover the camera to request others to stop
something distracting). Students used gestures to vie for control (e.g.,
raising hands, cupping hands around mouth and mouthing words without
speaking, and zooming face into camera to gain attention of others). All of
these activities had an influence on the changing power dynamics (e.g., who
grabbed the focus of atiention and thereby influenced the strategies of the
group). The students indicated they were able to gauge the appropriateness
of their own reactions to socially charged comments by viewing their own
faces and comparing their reactions to their teammates’. )

Although the power dynamics of the realworld organizations were not
always visible to us, it was clear they drove the progress of these meetings.
Individuals on the teams could clearly indicate who played what roles and
who was in charge. Different people had different priorities and needed
to influence the other team members to ensure that their agendas were
addressed and that time lines were met. We saw many instances of indi-
viduals moving the focus of conversation to new topics on what appeared
to be “strength of character,” “strength of their message,” or “position of
authority.” This appeared to be a complex process that interacted with the
social hierarchy within the group and elicited nonverbal reactions from
multiple participants simultaneously. We have seen that negotiating influ-
ence is particularly difficult during conference calls, and this can be con-
founded by lack of ability to share data. For example, the Dynamix software
person drew a picture on a whiteboard for his peers in Portland and

received numerous affirmativ
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ad nods creatin e to develop

ead nods creating pressul
consensus, but neither the picture nor the head nods were visible to the
remote designer.

Time Pressure Associated with the Work

Time pressure is fundamental to our theory of the value of video because it
forces information exchange to occur within time constraints, and therefore
increases load on the audio and datasharing channels, In the Business
Strategies course, students were required to produce each assignment within
a single session of fixed length. They needed to transfer substantial amounts
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strategies. Video allowed silent confirmation that this information was heard
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and understood, and also allowed fast feedback when the problem-solving

strateoies were going awry. Time limits do not inevitably lead to increased

ies going awry. Time limits do not inevitably lead to increased
channel overload, however. In a related study (Marshall, 1996), we imposed
time limits for standardized tasks, but participants responded to this by
adjusting the complexity of the discussion to comfortably fit the allotted
time. Students in the Business Strategies course could not use this strategy
without jeopardizing the quality of their reports.

Asynchronous communication was used to good effect when it was avail-
able to reduce time pressure during meetings. For example, the students
in the Marketing Communications course not only sent cach other e-mail
to negotiate strategies but they also used “overnight mail” to share annual
reports and marketing brochures. But these alternative channels were not
available in the time frames allocated in the Business Strategies course.

In the study of preexisting organizations, we couldn’t compare specific
meetings where the team members were more or less time pressured.
However, in the interviews, time pressure was a recurring theme and we
extrapolate that communication systems that allow teams to complete work
within shorter time frames would be valued. Although asynchronous com-
munication {e.g., e-mail) helps to relieve pressure to communicate informa-
tion during meetings, this does not provide the minute-to-minute feedback
we have identified that can contrel the direction of a collahoration and the
outcome of a negotiation. Meetings are often called when a sufficient
number of these issues have accumulated to require multiple people to be
in the same room at the same time in order to progress. But in reality these
issues do not come up only at neatly scheduled meetings. A system that aliows
spontanecus contacts at the time a critical decision is first identified could
be predicted to speed the overall time frame of distributed projects. All of
the preexisting organizations were working against demanding schedules.
The Alumni Center Steering Committee, for example, spent a substantial
amount of ime in their meeting reviewing Gante charts to ensure that
interlocking activities would conform to the overall schedule of the project.
One of the universal complaints of these teams was resenting the time it took
to travel to meet with the other team members face-toface, and this
presumably delayed critical decision making. For all of the businesses we
worked with, time translated into money, and whenever travel was avoided,
both time and monq were saved. The more qulcklv these groups could
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Visual Information Sharing

Accurate verbal descriptions of visual information tend to be cngthy (e.g-

Ty wArac A te envioag wrath o
descriptions of damage to telephone wires and its causes). So without
3

video, the need to share highly visual information is likely to overload the
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audio channel because of this costly translation. Such pressure is relieved
by video and, in fact, some information can only be adequately conveyed
this way (see also review by Whittaker & O'Conaill, chapter 2, this volume).
Some types of information (e.g., changes to packaging designs) were very
difficult to share without a visual communication mode and resulted in
increasing information exchange in the audio channel. This was illustrated
in an earlier study by Marshall and Novick (1995) in which two-party teamns
worked on a geometric puzzle with and without video. When video was
available, they used it to show the puzzle pieces, and this took precedence
over use of the camera for anything else. When no video was available,
participants were forced to give lengthy descriptions, which proved to be
inadequate despite their complexity.

Some visual information can be shared by transferring still mmages,

whereas other information is more effectvely shared with motion \rldeo.
If sharing this type of information is central to the progress of work, the
visual channel is more likely to be valued. Video also affords the opportunity
to share live or prerecorded views of objects and scenes. We have seen
that videotapes were used on an ad hoc basis in face-to-face meetings, but
for distant colfaboration, mailing tapes to remote coilaborators does not
allow the sender to get feedback from the audience during the showing
of the video, and there is no way Lo provide comments over the video to
tune the message to the audience needs.

Interaction Between Factors

The eight factors just listed are not predicted to work independently in
many cases. For example, the number of participants will sometimes be a
function of the level of complexity of the task or time constraints (e.g., to
allow division of labor and input from multiple types of experts in a pre-
specitied time frame). But this would not always be the case. Comp]t-xiry
would not necessarily drive the number of students that would sign up for
a course, and neither complexity nor the number of students would drive
the length of time allocated to the course. The impact of time pressure
clearly trades off against the complexity of the problem being solved. If
time frames are lax, then team members may not feel the same pressure
to use video to deal with complexity. This includes relegating problem
solving to individuals and communicating via electronic mail. However,
we did find in the Marketing Communications course that, even with
groups setling their own pace for work, they all preferred using video.
Not only do the factors sometimes interact with each other, but they
ultimately influence which communication modes take precedence. We
saw that when both high ity video and data sharing were available, the

ta sharing were available, the
types of communication occurring in the audio mode tended to shift. For
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. example, the audio channel was sometimes silent as data communication
shifted to silently reviewing files or videotapes. Thus, willi ngness to pay for
these channels may at first be driven by overload of the other channels,
but the relative strengths of these channels for specific types of information
may-actually give them momentary precedence over audio, once they have
been purchased and integrated into work.

Although we would not expect each of the factors we have listed above
to work independently in all cases, they are offered as classifications that
allow us to identify work groups that are likely to benefit from video, at
least after sufficient exposure to its benefits. Video feedback may be most
valuable for teams larger than two. Highly familiar teams may value inter-
preting their colleagues’ expressions. And groups who need to become
familiar with each other quickly (e.g., establishing trust between salespeople
and customers) may particularly value video. Distributed groups under
time pressure are also likely candidates. Evidence that particular groups
score high on even one of the factors may be justification for exploring
their needs on the others, in order to determine whether they would be

CONCLUSIONS

The combined data from these two sets of studies has allowed us to see
how macro pressures on communication—including costs of travel, disper-
sion of contributors, and time pressures—may be addressed by the mo-
mentto-moment support provided by video. This conclusion is based on
extrapolation from a range of observations of detailed coordination of
groups within meetings to their needs for meeting broader organizational
objectives. Although distributed meetings would benefit from the data-
abilitics would not support
the same level of coordination of multiple, widely distributed contributors
that would be provided by the addition of video. We conclude that audio
and data alone could not as casily allow participants to

shoring and hiohoaiialise aiidio alame thece mot
3hauu§ mld HDIZN-GUdLty aldlio alone, ese Cd;

» See what others look like

¢ Observe and assimilate each others’ facial reactions to data content.
¢ Smoothly coordinate turn taking

« Influence each others’ activities to meet their objectives

Future research is needed ta

cactly which circum-
¥

stances data and audio sharing alone would allow groups to avoid expensive
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travel or allow groups to extend their geographic range. We suggest that
groups that rank high on the eight factors we have described are likely to
need visual feedback for a significant proportion of their meetings, and
may be able to use video to reduce travel and increase the dispersion of
activities to take advantage of resources in a wider geographical area.

Taken together, these data help to explain discrepancies in past research
on the value of video. Several studies have shown limited or no advantages
of audio/video collaboration over audio collaboration alone {Gale, 1889;
Ochsman & Chapanis, 1974; Olson & Olson, 1995). Many of these studies
have measured the time it takes to complete specific tasks and the quality
of work created in meetings with and without video. In general, relatively
simple tasks that had minimal personal consequence for the participants
were carried out for relatively short time periods. Studies where there is
low pressure to exchange information may show that the capacity of the
audio channel is sufficient—where there are only two participants, where
there is little vested interest in the outcome of the task, and where the
task complexity can be dealt with or without division of labor. These cir-
cumstances are likely to show much lower ratings of the value of video.
The value of video may be more salient in contexts where social variables
hold sway (e.g., where there is a strong “pecking order”). Although the
impact of video on time to complete task may not be obvious because of
the wide array of methods for adjusting meeting content or communicating
asynchronously, overall project length may be affected.

Also, studies where team members do not have control over their own
image size either through movement of the camera or resizing o