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Full gazeawareness, defined hereasknowingwhat someoneislooking at, might beex-
pected to beapowerful communi cativeresourcewhen theconversation concernssome
object of commoninterest inthe environment. Thisarticle setsout to demonstratethis
possihility in the context of video-mediated communication. An experiment is re-
portedinwhich pairscompleteacommunication task using anovel apparatusthat sup-
portsfull gazeawareness (GA) and mutual gaze (eye contact). This“ GA display” was
contrasted with 2 control conditions, mutual gazewithout full gaze awarenessand au-
dioonly. TheGA display reduced thenumber of turnsand number of wordsrequiredto
compl ete thetask by about %2in comparison with the 2 control conditions. Theresults
of asubsequent conversational games analysis suggest that at |east part of thissaving
comesabout becauseful | gazeawarenessprovidesanalternativenonlinguistic channel
for checking one’s own and the other person’s understanding of what was said.

Under theright circumstances, peoplecan distinguishwith someaccuracy what some-
oneelsewascurrently looking at in their immediate environment. Elsewherewe have
reported an experiment in which an estimator had to guess what position agazer was
looking at on aflat stimulus between them (Gale & Monk, 2000). The estimator was
quite accurate; the mean root mean square error of estimation equated to achangein
thepositionof thegazer’ shead-and-eyeposition of 3.8° of panand 2.6° of tilt. Thislow
degreeof error wasessentially the samein avideo-mediated condition and did not de-
pend on allowing the estimator to see the head-and-eye movement to the target posi-
tion. Wedescribethisability to gaugethecurrent obj ect of someoneel se' svisual atten-
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tionasfull gazeawareness(GA). Wecontrast it with partial gazeawarenessand mutual
gaze. Partial gaze awarenessisknowing the genera direction someoneislooking, for
instance, upor down, left or right. M utual gazeisknowingwhether someoneislooking
at you. Thisismore commonly known as eye contact and has somewell documented
functionsinregulating conversation. Itisusedintheprocessof transferringtheroleof
speaker smoothly from one participant to another (Duncan & Niederehe, 1974,
Goodwin, 1981; Kendon, 1967; Levine& Sutton-Smith, 1973); it can also act asaso-
cial cue (Argyle, Lefebvre, & Cook, 1974).

FULL GAZE AWARENESS

Full gaze awareness has received much less attention than mutual gaze in the re-
search literature on language use. Studies of gaze following in monkeys (J. R. An-
derson, 1996) and very young children (Butterworth & Jarrett, 1991) have sug-
gested that full gaze awareness may be a pervasive and primitive cognitive
mechanism that precedes verbal language. Clark (1996) used full gaze awareness
as an example of how adult language uses many signals in addition to words and
sentences. He described how head-and-eye movements can be used to indicate ref-
erencesin conversation, for instance, when a speaker says, “1 want you [gazesat A]
and you [gazes at B] to come with me.”

The aim of the experiment described here is in the spirit of Clark (1996) and
others who see language as a collaborative activity (e.g., Grice, 1957; Schegloff,
1991). According to this account, conversation is possible only because partici-
pants have implicit obligations to one another. As a speaker, one has an obligation
to design utterances for the hearer and to monitor the hearer’s subsequent utter-
ances and behavior for problems. Asahearer, one has an obligation to signal when
one cannot understand the speaker sufficiently for these purposes. The possibility
wewishtoraisein thisarticle isthat in certain contexts, full gaze awareness may
be afurther resource in this process. Imagine, for example, an engineer, Ann, who
is an expert on some piece of equipment, explaining its function to anovice, Ben,
who knowslittle about it. By monitoring the appropriateness of where Benislook-
ing, Ann can judgeif he isunderstanding what was being said. Similarly, Ben can
monitor where Annislooking to get extrainformation regarding what sheistalk-
ing about. Such a function for gaze has not been previously demonstrated in a
guantitative experiment.

The Problem: Mediating Full Gaze Awareness
and Mutual Gaze

The applied context of this work is the design of multimedia communication
equipment. It is commonly the case that, in the kind of work activities that video
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and audio links are designed to support, people use drawings, documents, or a
whiteboard to communicate and coordinate the work. Tang (1991) pointed out how
ashared visual artifact can be used asaconversational resourcein design meetings
to store information, express ideas, and mediate communication. Whittaker,
Geelhoed, and Robinson (1993) discussed how shared €l ectronic workspaces can
serve similar functions. Indeed, studies that have compared the value of shared
data (teledata) with the value of an image of the person one is talking to
(telepresence) have shown large effects in favor of shared data (A. H. Anderson,
Mullin, et a., 1999; Gaver, Sellen, Heath, & Luff, 1993; Kraut, Miller, & Siegel,
1996). This need for shared visual artifacts suggests there may be a place for sup-
porting full gaze awareness in mediated communication.

In video-mediated communication, full gaze awareness is often not possible
because the view provided excludes the immediate environment. A convention
has grown up of setting the focal length of a camera so that the image includes
only the other person’s head and shoulders. This can support only partial gaze
awareness, as one cannot see the objects the other person may be looking at.
Were a wider angle view to be provided, including at least the top half of the
body of the other person and thus some of their immediate environment, then
full gaze awareness would become possible. Of course, this means that some of
the limited visual resolution that had been devoted to depicting the face is now
given over to depicting the environment. The arguments to be made in favor of a
high definition full movement image of facial detail are that this is necessary to
discriminate subtle facial expressions and that it supports lip reading. However,
the importance of subtle nuances in facial expression may be overstated in most
task contexts (Daly-Jones, Monk, & Watts, 1998; Whittaker, 1995). Also, if a
multimedia communication link makes lip reading necessary, it suggests that
there was something seriously wrong with the sound quality. It may then be
better to devote available effort and bandwidth to improving the poor sound
quality rather that worrying about video at all.

Video conferencing equipment does not typically allow mutual gaze because of
a discrepancy between the camera position and the image of the other person’s
eyes. Commonly, acamerais mounted on top of the monitor displaying an image
of the person one wastalking to. Mutual gazeis difficult to achieve with this con-
figuration. If you look at the other person’s eyes in the monitor, the vertical dis-
crepancy between camera and the facial image results in the impression that you
arelooking at their chest. Looking at the cameragivesastrong illusion that you are
looking them in the eyes, but then you can no longer judge whether they are look-
ing at you. Thus, the only way that mutual gaze could be achieved would beif the
participants were to learn that, under these circumstances, when the other person
appears to be looking at aparticular position on their chest they are really making
eye contact. Thisisnot at al natural, and users commonly comment on the prob-
lem of “making proper eye contact.”
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Previous Solutions: Inventions That Mediate
Full Gaze Awareness

Various ingenious inventions have been suggested to mediate full gaze awareness
using multimedia communication equipment. For example, Velichkovsky (1995)
used an eyetracker to detect and signal the visual attention of another person artifi-
cialy. A circle indicating where the other person was looking was projected onto
the shared electronic workspace. Velichkovsky'’s invention can thus be thought of
as artificial full gaze awareness, although it did not support mutual gaze.

Vertegaal (1999) also used an eye movement monitor to signal visual attention
in this way, but only while the remote participant was looking at the shared elec-
tronic workspace. In addition, participants were represented by recorded pictures
or personas that were rotated to give theillusion they were looking either towards
each other or towards the viewer, depending on where the eye movement monitor
computed they were looking. Both Velichkovsky (1995) and Vertegaal's inven-
tions can provide artificia full gaze awareness over a narrow bandwidth link, as
they do not require full video signalsto be transmitted. Vertegaal's GAZE system
was particularly impressive, as it solved the problem of gaze awareness in multi-
party conversationsin which gaze awareness may be particularly important in reg-
ulating turn taking (see Sellen, 1995; Okada, Maeda, Ichikawaa, & Matsushita
1994). However, the mutual gaze may have been rather artificial as it was mutual
gaze with an avatar, not with a video image of the other participant.

Previous Solutions: Inventions That Mediate Mutual Gaze

Thevideo tunnel wasinvented to circumvent the problem of providing true mutual
gaze in atwo party conversation (Buxton & Moran, 1990). Thisused half-silvered
mirrorsto put the camerasin the same virtual positions as the monitors. Each par-
ticipant saw theimage of the other through ahalf silvered mirror. Each camerasaw
afacereflected in it. By adjusting the position of the camera and face, it was thus
possible to look at the eyes of the other participant and at the camera at the same
time. For thisto be effective the position of the participants had to berestricted. In
the original Xerox design, this was achieved by putting along cowl on the front,
hence the description video tunnel . Because of thislimited view of the other partic-
ipant and their immediate environment, the video tunnel did not support full gaze
awareness.

Ishii, Kobayashi, and Grudin's (1993) Clearboard 2 design provided mutual
gaze in asimilar manner to the video tunnel. Here, the image of one's conversa-
tional partner was projected onto the underside of a transparent drawing surface.
The drawing surface was a half-silvered mirror, the “board” of thetitle. The cam-
erawas placed so as to look down on the board, thus capturing a reflection of the
participant in the board. The board al so contained a polarizing sheet that prevented
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the multiple images that would arise if the camera picked up the image projected
from the other camera.

Clearboard 2 also had the aim of providing full gaze awareness. Thisaimisbest
explained by describing their first prototype, Clearboard 0. Clearboard 0 was not
video-mediated. Two people sat in the same room facing each other across atable.
In between them was a transparent sheet of glass with the object they were con-
versing about written onit. If they both looked at the drawing, they were looking at
the same object, although of course one of them waslooking at the wrong side and
would not have been ableto read | etters. If they |looked through the glassthey could
see each other’s facial expressions and were also able to achieve mutual gaze as
they normally would. If one person looked at the drawing on the glass then the
other could look through the glass and judge what part of the drawing the first per-
sonwas looking at; that is, they could also achieve full gaze awareness. To provide
thefeaturesof Clearboard 0in amediated context in which the conversantswerein
different locations, Clearboard 2 simply displayed the drawing on the board at the
same time as the image of the other person.

Someof our informal experimentsquestionhow accuratethisfull gazeawareness
couldhavebeen. Theproblemisthat, unlike Clearboard O, Clearboard 2 provided no
spatial separation between thedrawing and theimage of theother participant. Toes-
timate where someoneislooking one needs to make two judgements: (a) the direc-
tionfaced by the gazer’ shead and eyes, that was, theangl e of head-and-eyerotation
of thegazer, and (b) the position of the object being looked at with respect tothehead
and eyes of the gazer. Thelatter information isabsent if the objects being looked at
are presented in the same plane as the image of the participant.

In our pilot experiments to measure gaze accuracy, atarget stimuluswas mixed
onto the image of the other person in avideo tunnel. As with Ishii et al.'s (1993)
Clearboard 2, the target stimulus was thus in the same plane as the image of the
face, that is, actually on the same screen. Although the direction in which the gazer
was looking could be estimated, the relation between this and the objects being
looked at was ambiguous or nonsensical. In our pilot experiments, gaze estimation
accuracy was very poor, essentially at chance, and logically it was difficult to see
how such an arrangement could provide anything better than partial gaze aware-
ness, that is, whether the other person was looking up, down, left, or right.

A New Solution: The GA Display

None of the inventions reviewed previously were able to mediate full gaze aware-
ness and mutual gaze. Vertegaal's (1999) GAZE system comes closest, but in a
very artificial way, using avatars and arbitrary signals. Our display was based on
Clearboard 2 but physically separated the objects being looked at from the image
of the other participant. Figure 1 shows how this“GA display” worked. Each par-
ticipant viewed the image of the other participant through ahalf-silvered mirror in
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FIGURE 1 The gaze awareness display designed for use in the experiment. This supports
mutual gaze and full gaze awareness. In the experiment the translucent video displays werere-
placed by transparent acetate sheets.

a conventional video tunnel arrangement. The camera was mounted to the side of
the participant it viewed such that the mirror served to right- eft reverse theimage.
The focal length of the camera was adjusted so that the image of the participant’s
face was actual size. A translucent display was positioned half way between the
participant and the image of the other participant. Although both participantswere
effectively looking at the same side of the objectsin thisdisplay, that is, they could
both read writing on it, there was till full gaze awareness. This was because the
mirror |eft—right transformed the image of the other person apparently behind the
translucent display. When one partner looked at an object on their right hand side,
that is, the other person’s left, they were actually looking to the right of their dis-
play, but the mirror transformed the image appropriately to give the other partner
full gaze awareness.

Our results show that this arrangement allowed good gaze estimation accuracy.
The design provided both mutual gaze and full gaze awareness for any stimulus
that can be viewed with an image of the other participant behind it. Although this
might be a problem with images that depend on small contrast changes such as X-
rays, high contrast images such astechnical drawingsand circuit diagrams can eas-
ily beviewed inthisway. The problem of distinguishing theimage of thefacefrom
theimage of the object was reduced because the depth of field of the eye was such
that only the face or the object could be fully in focus at any one time.

This Experiment

The first objective of the experiment was to demonstrate that full gaze awareness
can, at least under some circumstances, be another conversational resource in the
cooperative activity of conversation. In particular, full gaze awareness was pre-
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dicted to reduce the need of a speaker to use verbal language to check her own un-
derstanding or the understanding of her conversational partner. The second objec-
tive was to demonstrate the GA display has certain advantages over control
conditions in terms of linguistic efficiency.

The experimental task involved pairs of participants. One member of the pair
was designated as the expert. The expert’s task was to describe the position of a
point on a slide that they could both see (see Figure 2 for an example). The other
member, the receiver, had to identify what point the expert was describing, but
only once they were reasonably confident that they were correct. This task was
chosen as one that would maximize the advantages of full gaze awareness. Using
the GA display the expert could monitor the receiver’s current locus of visual at-
tention and so could judge whether the instructions given are being understood.
Similarly, the receiver could use where the expert was looking as a parallel source
of information with which to check his or her understanding regarding the target
point.

The GA display was compared with two video-mediated control conditions: (a)
video tunnel only and (c) audio only. The first control condition was achieved by
reducing the size of the picture and presenting it at a different position for each
member of the pair. The expert’s drawing was printed onto the bottom right-hand
quarter of the display whereas the receiver’'s drawing was printed onto the top
left-hand quarter. Thisvery considerably reduced full gaze awarenessyet all thein-
formation given by the video tunnel (mutual gaze and facial expressions) was still
available. The second control condition was achieved by switching off the image
of the other person’sface. In this control condition there was no view of the other
participant, that is, no mutual gaze, no full gaze awvareness, and no facial expres-
sions.

FIGURE 2 Anexample of one of the stimuli, an electron microscope slide of benzene mole-
cules. Thisisthe version seen by the receiver; the expert’s had only two lettered points marked
onit.
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The GA display was predicted to result in more efficient conversations, that is,
fewer turns and fewer words to complete the task than in either of the control con-
ditionswherefull gaze awarenesswas not possible. More specifically, peoplewere
expected to do less verbal checking of their own or their partner’sunderstanding in
the GA display condition. This latter prediction was tested using conversational
games analysis (Kowtko, Isard, & Doherty-Sneddon, 1991). Comparison of the
GA display condition with the video tunnel only condition was most relevant to the
first objectives of demonstrating a role for mutual gaze, because here the other
video resources (facial expressions and mutual gaze) were till available. The au-
dio only control condition provided a reference point or control condition that is
commonly used in experiments on video-mediated communication.

Finally, there was asecond independent variable, audio quality: 81.5 dBA noise
was mixed into the sound channels for half the trials. It was predicted that the vi-
sual information provided by the GA display might be most advantageous when
the verbal channel was impeded in this way. However, the manipulation of audio
quality wasineffective; participants simply shouted to overcomethe noise. Thisin-
dependent variableistherefore mentioned mainly for itsimpact on the experimen-
tal design.

METHOD

Participants and Design

Forty-eight participantswere used in 24 pairs and assigned at random to one of the
threeaudio-visual configurations. They wererecruited as pairsfrom the University
of York, and all participants knew their partner prior to the experiment. One mem-
ber of each pair was randomly designated as expert and the other asreceiver. Pairs
performed two trialswith each of 10 pictures. Half the pairsin each condition con-
ducted the trials with the poor audio quality (noise) for thefirst 5 pictures and the
good quality audio (no noise) for the second 5 pictures. The other half of the pairs
experienced the audio quality conditionsin the opposite order. The pictures were
presented in a different random order for each pair.

For all the statistical analyses presented in the next section, the sampling unit
was the participant pair. Audio-visual configuration was abetween-pairs variable,
and audio quality was a within-pairs variable. In addition, there was a be-
tween-pairs variable, order (of audio quality condition).

Materials

The stimuli used in the communication task were pictures that had elements that
were difficult to describe. In this way, it was similar to the tangram task used by
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Schober and Clark (1989) and other authors. In such tasks, communication eventu-
aly becomesvery efficient aspartnersdevel op codesand systemsfor describing the
stimuli. The predictionwasthat full gaze awarenesswoul d be most useful whenver-
bal communication was least efficient, that is, when the pairswere still devel oping
systematicwaysof describing thestimuli. For thisreason, rather than using thesame
stimulus throughout the experiment, there were 10 different dlides, each used only
oncewithintheexperiment. The 10 pictureswere 2 circuit diagrams, 2 architectural
blueprints of houses, 2 diagrammatic representations of the rat’s brain, 2 extracts
from sheet music printed backwards, and 2 electron microscope images featuring
benzene rings, of which oneisdepicted in Figure 2.

Around 15 arbitrary points (plus or minus 2) were marked and |abeled with let-
ters on each of the receiver’'s pictures. A previous experiment (Gale, 1998) had
used asinglecircuit board stimulusin which both partners could see al thelabeled
points. It wasfound that pairs quickly learned to describe the pointsrather than the
stimulus. Accordingly, in this experiment the expert’s transparent foil had only 2
points on it, the 2 points that had to be described to the receiver in that trial. This
prevented the pointsfrom being described only interms of their position relativeto
other points, for instance, “the point nearest the bottom edge”; instead they had to
use features in the picture.

Apparatus

Two video tunnels were constructed (see Figure 1). Each participant sat 150 cm
from amonitor, the midpoint of which was at eyelevel and marked with a colored
dot. They viewed the monitor through a half-silvered mirror, placed at an angle of
45° such that the middle of the mirror was also at eye level. The stimuli were
placed in avertical wooden frame, halfway between the participant and the moni-
tor. A colored dot marked the midpoint of each stimulus; this was again at eye
level. Participants could thus line up the colored dots on the stimuli and monitor to
keep the position of their head and eyes constant. A tripod-mounted camera, also at
eyelevel, was placed at 45° to the mirror and 90° to the participant. This captured
the image of the participant’sface asreflected by the mirror and sent it to the other
participant’s monitor. To prevent participants from seeing the camerareflected in
the mirror, a wooden frame was placed over the whole set up and black material
draped over it.

Each participant’s camera sent an input to an audio-video mixer (a Panasonic
Digital AV mixer). Each of these sent one output to the other participant’s monitor
and one output to a remote location where sound and vision were recorded on a
standard VVCR and cassette recorder. The pair communicated over anaudio link us-
ing clip-on microphones connected to enclosed headphones. Participants sat on
height-adjustable chairs. Due to constraints on available space, the expert and re-
ceiver actually worked in the same room with a screen between them.
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For pairsinthe GA display and audio only video configurations, three copies of
the original picture were made onto A4-size clear acetate sheets. One copy wasthe
receiver's and had around 15 labeled points added to it. The other two copies of
each picture werethe expert’s. Each of these had 2 points marked; these were the 2
points that the expert had to describe in each of the two trials with that picture.
Thus, in the course of the two trials 4 pointsin all were described.

For pairsin the video tunnel only configuration, the same 10 pictures described
previously were used but reduced in dimensions by half, that is, each stimulus was
approximately 10.5 cm x 15 cminstead of 21 cm x 30 cm. The stimuli wereidenti-
cal to those described previously in every respect apart from their size; that is, the
same pointswere marked in the same relative positions. The crucial differencelay
inthe positioning of the stimuli on the A4 clear acetates. The expert’sdrawing was
printed onto the bottom right-hand quarter of the acetate whereas the receiver's
drawing was printed onto the top |eft-hand quarter. Although the objects to be de-
scribed were smaller, they were still readily visible. Note also that the video tunnel
only condition supported partial gaze awareness, that is, information about the
general direction of gaze (Ieft vs. right, up vs. down).

Procedure

Participants were told that this was an experiment examining how people commu-
nicate over avideo link and what effectsahigh- and low-quality audio link have on
this. No mention of gaze or gaze awarenesswas made. It was explained that the ex-
periment wasin two halves, and that during one half they would have to communi-
cate over anoisy audio channel. To ensure that both participants were comfortable
with the noise level, a sample was then played and they were given the option of
withdrawing from the experiment. No participants withdrew at this point.

The expert wastold that the task was to describe to the receiver thelocation of a
particular pair of points on various pictures. In addition, the expert was asked to
give feedback once the receiver had made a guess. It was emphasized to both par-
ticipants that they could interrupt each other at any point and that the receiver
should do so as soon as he or she understood what point was being described. Inthe
GA display and audio only configurations, participants weretold that their partner
had the same view as they did. In the video tunnel only configuration, both were
told that although their pictureswere identical, they were placed in different loca-
tions. The chair height was adjusted to give a constant eye height, and they per-
formed one practice trial before starting the experiment proper. Each pair com-
pleted two trials with each picture. In each trial they described two points. To save
time changing the transparent sheets, these trials were consecutive.

After the pairs had worked through all 10 pictures (20 trials) they performed a
gaze accuracy task as a manipulation check. A stimulus similar to that used in the
main experiment was created containing 20 randomly distributed points. The same
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transparent sheet was mounted in the video tunnel s of both expert and receiver. The
expert gazed fixedly at each of the 20 pointsin turnin arandom order indicated by
the experimenter, and the receiver simply guessed which point was being looked
at. The pairs in the video tunnel only configuration did this twice, first with the
samefull size stimulusused by the other pairs, and second with smaller offset stim-
uli prepared as in the main part of the experiment.

RESULTS

Manipulation Check: Gaze Accuracy

The manipulation check showed that the GA display did indeed provide full gaze
awareness and the video tunnel only configuration did not. The GA display re-
sulted in greater than 90% correct responses (M correct out of 20 = 18.6, 18.3, and
18.4, for the pairs originally in the GA display, video tunnel only, and audio only
conditions, respectively). In contrast, with the video tunnel only configuration,
less than 10% of the points were guessed correctly (M correct out of 20 = 1.9).

Task Performance

Table 1 givesthe mean number of trials correct in the main part of the experiment.
Performance was close to the maximum of 10 in all conditions, showing that the
receivers were following the instructions and not guessing until they were rela-
tively confident that they knew which point was being described. Completion time
was measured using the time stamped video recordings. Table 1 also gives the
mean time for each audio quality condition for the pairsin each video configura-
tion. An analysisof variance showed no significant main effect of video configura-

TABLE 1
Means and Standard Deviations for Number of Trials Correct and Time to
Complete the 10 Trials

Video Tunnel
GA Display Only Audio Only
M D M D M D

Trials correct out of 10

High quality audio 9.50 0.76 9.50 0.53 9.88 0.35

Poor quality audio 9.75 0.46 9.38 0.74 9.50 0.76
Time to complete in minutes

High quality audio 10.71 2.87 12.94 2.38 12.70 2.68

Poor quality audio 11.45 3.74 13.73 2.26 12.94 2.45

Note. GA = gaze awareness.
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tion or order, F(2, 18) = 1.87, ns; F(1, 18) = 2.59, ns. There was asignificant effect
of audio quality condition, F(1, 18) = 4.91, p < .05. There were no significant two-
or three-way interactions.

It was not expected that measures of performance would be sufficiently sensi-
tive to result in significant effects for the between-pairs variable video configura-
tion, so our hypotheses are framed in terms of process variables extracted from
transcripts. Previous work has shown that performance data are rarely sensitiveto
mani pulations of video mediation (Doherty-Sneddon et al., 1997; Monk, McCar-
thy, Watts & Daly-Jones, 1996; Whittaker, 1995). Our experimental instructions
emphasized accuracy, and the expectation was that the receiver would guess cor-
rectly on most trials. Minimal time pressure was applied, and therefore, there was
no strong reason to expect effects on time to completion.

Thesignificantly longer timesto completion in the poor audio quality condition
suggeststhat this manipulation did, in some sense, make communication more dif-
ficult. It has already been noted that participants coped with the noise by shouting
into the microphones. This may have made speech slower without having the de-
sired effect on intelligibility. Anticipating the analyses to be presented in subse-
guent sections, there were no other significant main effects of audio quality. More
important, none of the dependent variables demonstrated the predicted interaction
between audio quality and video configuration: The effect of video configuration
was the same whether or not the noise was present. One simple interpretation of
these results was that the audio quality conditions used were not effective in ma-
nipulating intelligibility.

Measures of Communication Process

An independent transcriber used audio recordings of the dialogues and a set of in-
structions from the experimenter to compile transcripts for all 24 pairs. The tran-
scriber wasrequired to write down everything that was said by each person, includ-
ing nonwords, back-channel responses (e.g., “mhm”), and partial words and to use
no punctuation. Where overlap occurred, the transcriber marked the overlapping
speech in square brackets. Pauses were also marked, defined as any break in
speech longer than 0.5 s. Filled pauses such as “uuum” were also coded. These
transcripts were verified against the audio recordings and corrected where neces-
sary by the experimenter.

Using these transcripts the following counts were made: turns, overlaps, words
spoken by each participant (not including nonwords or half-words), and pauses. A
turn was defined as any vocal utterance that was (&) not a back-channel response,
(b) not afailed interruption (i.e., an attempt to interrupt that failed to result in the
other person stopping their speech or responding to the content of the interrup-
tion), and (¢) not some nonverbal vocalization such as a grunt or asigh.
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Each of these measures of processwas subject to the samethree-way analysisof
variance astime to completion. None of these analyses demonstrated a significant
main effect of audio quality or any significant interaction with audio quality; there-
fore, the data were collapsed across audio quality condition and order in Table 2.
However, there were dramatic differences between the GA display configuration
and the two control conditions for turns and words spoken by the expert, with about
twice as much talk in both of the control conditions, F(2, 18) = 14.92, p < .001;
F(2,18) =4.53, p<.05; F(2, 18) = 3.95, p < .05, for turns, words spoken by the ex-
pert, and words spoken by the receiver, respectively. Post hoc tests using Tukey's
HSD showed that there were significant differences between all three means for
words spoken by the expert (HSD = 594 words) but only between GA display and
each of the control conditions for turns (HSD = 75.4 turns) and words spoken by
the receiver (HSD = 123 words).

The considerablereduction in the number of turnsrequired to compl etethistask
whenusingthe GA display isthemostimportant resultinthisarticle: Therewassim-
ply lesstalk whenfull gazeawarenesswasavail abl eto the participants. Interestingly
therewasamuch smaller difference between the two control conditions, video tun-
nel only andaudioonly. It would appear that for thistask, being ableto seeyour part-
ner’ sfacial expression and being ableto achieve mutual gazeisof much lessimpor-
tance than being able to see what they are looking at in the task domain.

Similar effects were seen in the number of overlaps and pauses, however thisis
what one might expect from the fact there was less talk in the GA display condi-
tion. Table 2 gives overlaps and pauses per 100 turns; there were no significant ef-
fects of video configuration.

Conversational Games Analysis

Theview of conversation taken hereisasacollaboration dependent on both parties
continuously cooperating to monitor their own and the other person’s conversation

TABLE 2
Means and Standard Deviations for Number of Turns, Words Spoken,
Overlaps per 100 Turns, and Pauses per 100 Turns

GA Display Video Tunnel Only Audio Only
M D M D M D
Turns 181.88 69.79 405.63 80.12 332.38 120.21
Words (expert) 1334.00  488.69 2662.13 49634  2111.00 88290
Words (receiver) 362.13 145.95 52150 12101 534.38 170.40
Overlaps/100 turns 9.47 4.92 13.25 5.14 8.94 2.84
Pauses/100 turns (expert) 40.23 18.85 28.73 17.13 34.41 10.56
Pauses/100 turns (receiver) 7.00 3.65 8.42 3.27 8.89 215

Note. GA = gaze awareness.
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for trouble that may need to be repaired. Our hypothesis was that full gaze aware-
ness may play arolein this process. By monitoring the receivers’ current locus of
visual attention, the experts can check if their instructions are being understood.
Similarly, receivers can use where the experts are looking as an additional source
of information to verify their understanding regarding the point under discussion.
This was operationalized here as areduction in check and align games coded in a
conversational games analysis.

Conversational games analysis is a technique for dialogue analysis devel oped
concurrently at the Universities of Edinburgh, Glasgow, and Nottingham that cate-
gorizes speech fragments according to their conversational function. It was de-
signed on the basis of dialogues arising from the Map Task (Kowtko et a., 1991)
and has been applied to avariety of task-based dialogues (e.g., see A. H. Anderson
etal., 1997).

Conversational games analysis has three levels: games, moves, and utterances.
A gameis composed of at least two, but potentially many more, moves, and asin-
gle utterance constitutes at least one move. Table 3 lists the different games that
may be coded.

In the experimental task used in this experiment, each trial consisted of an in-
struct game as the expert was communicating a direct request to the receiver to
name two points on the picture. The successful completion of this instruct game
was evidenced by a query yes/no game initiated by the receiver and embedded
within this instruct game. An example from the transcripts is given next. Each
gameisnumbered and bracketed by its start and end, and each moveislabeled af-
ter the utterance containing it. Thus, the reply-yes move from the expert ends both
the embedded query yes/no game and the instruct game. An asterisk indicates a
pause of morethan 0.5 s.

TABLE 3
Six Types of Games Found Necessary and Sufficient to Code Transcripts
in This Experiment

INSTRUCT: Communicates arequest for action.

CHECK: The speaker checks his or her self-understanding by requesting confirmation that an
interpretation is correct.

ALIGN: The speaker confirms the other’s: understanding of an utterance, attention, agreement or
readiness.

QUERY - YES/NO: A question which requires a yes/no response concerning new or unmentioned
information (not checking the interpretation of a previous message).

QUERY - W: An open-ended question such as what, why or where regarding new information (not
checking the interpretation of a previous message).

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

Note. From Video-Mediated Communication (p. 138), by K. E. Finn, A. J. Sellen, and S. B.
Wilbur, 1997, Mahwah, NJ: Lawrence Erlbaum Associates, Inc. Adapted with permission.
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1 Start Game Instruct

E: erfirst point if you takethe chip in the very top right it would be at the bot-
tom right corner of that chip in the space between the outer wiring um the
second point would beif you go to the er from the centre* one chip over and
then down to the cluster of transistorsit’sin the centre of the cluster

Move: instruct
R: okay
Move: acknowledge

2 Start Game Query yes/no (embedded)
R: eandk

Move: query-yes/no
E: yesyou'reright
Move: reply-yes
End Game 2
End Game1

Thisisthe simplest form the dialogue could take to complete the trial. Most tri-
als contained other embedded games, most notably games in which one partner
checked their own or the other person’s understanding. Checking one'sown under-
standing was coded as a check game. The demands of this task meant that check
games were always initiated by the receiver in this experiment. An example from
the transcriptsis given next. Thereceiver interrupted the instruct move that wasto
communicate the position of the second point to check that she had understood
what was meant by “at the top” in the instruct move for the first point.

1 Start Game Instruct
E: thefirst point’s* inthemiddleand at thetop* almost exactly inthemiddle

Move: instruct
R: mhm

Move: acknowledge
E: and * the* second point is
Move: instruct

2 Start Game Check (embedded)
R: you mean at the top * uh top of the screen yeah
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Move: check
E: yeah
Move: reply-yes
R: yeah
Move: acknowledge
End Game 2
E: and* the second point is* about in the centre of the bottom left corner
Move: instruct
R: right
Move: acknowledge

Checking the other person’sunderstanding was coded asan align game. The de-
mands of thetask meant that align gameswere alwaysinitiated by the expertinthis
experiment. An example from the transcripts is given next.

11 Start Game align (embedded)
E: you'vegot it

Move: align
R: | think so yeah
Move: reply-yes
E: yeah
Move: align

End Game 11

The number of games per session for check and align games, whereasessionis
taken asthe 10 trialsin each audio quality condition, was subject to the same anal-
ysisof variance astimeto completion. Audio quality had no significant main effect
on the number of check or align games. Audio quality did interact with order of
presentation of audio condition for both check and align games but these interac-
tions can both be interpreted as simple practice effects, such that participants use
fewer of these gamesin the second half of the experiment. In neither case wasthere
athree-way interaction; thus the means presented in Table 4 collapse across audio
quality condition and order.

The advantage for the GA display configuration was even more dramatic than
that observed with the process measures. There were many fewer check and align
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gameswith the GA display configuration than with either of the two control condi-
tions, F(2,21) =9.10, p<.01; F(2, 21) =8.12, p < .01, respectively. Tukey’'s HSD
test shows that the significant differences were between the GA display configura-
tion and the control configurations. For the Check games this comparison was sig-
nificant for both control groups (HSD = 11.7 games). For the align gamesthe com-
parison between GA display and Video tunnel only did not quite reach significance
(HSD =14.1). The dramatic effect observed for both check and align games sup-
portsthe hypothesisthat full gaze awareness can perform the function of check and
align games nonverbally.

DISCUSSION

The apparatus devised for thisexperiment provided all theinformation availableto
copresent conversational partnersbut in the context of multimediacommunication.
Partnershad good accessto the conversational resourceof facial expressionthrough
alife-size, television-quality image of the other partner at adistance of 1.5m. They
could establish true mutual gaze through the video tunnel and full gaze awvareness
through the spatially separated translucent displays (transparent sheets).

The apparatus also made it possible to selectively remove these resources. The
video tunnel only configuration lacked only full gaze awareness, whereas the au-
dio only configuration lacked all visual information about the behavior of one’'s
partner. Comparison of the three configurations thus allows us to assess the poten-
tial value of the conversational resources available in this experimental context.
Two conclusions are drawn.

1. Making full gaze awareness possible considerably reduces the amount of
talk and, evenmorenotably, thedegreetowhich participantsneedtoverbally
check their ownandtheother person’sunderstanding of what hasbeensaid.

2. Any advantage provided by aview of the face (facial expression and mu-
tual gaze) is smaller than the advantage provided by full gaze awareness
and not detectable in this experiment.

TABLE 4
Means and Standard Deviations for Number of Check and Align Games
per Session
GA Display Video Tunnel Only Audio Only
M SD) M D M D
Check 6.12 4.17 27.25 114 17.88 9.35
Align 6.12 6.19 19 8.87 29.62 16.3

Note. GA = gaze awareness.
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The remainder of this section discusses the theoretical and practical implications
of these two results.

The Value of a View of the Face: Video Tunnel Compared
With Audio Only

Although it isdifficult to interpret null results, the lack of adifference between the
video tunnel only and audio tunnel only configurationsisworthy of comment. For
most of the process measures and conversational games analysis counts, there was
no significant difference between these two control conditions. The lack of aneed
to read facial expression would be predicted for an information transfer task with
little social input (Short, Williams, & Christie, 1976). Mutual gaze might also be
expected to be of lessimportance, as turn taking should be easy with awell struc-
tured task with only two people conversing (Whittaker, 1995).

Other investigators have, however, obtained statistically significant differences
between similar audio-visual configurations. Using their map task
Doherty-Sneddon et al. (1997) were ableto demonstrate asignificant differencein
align gamesinitiated by instruction givers, but not check games, when comparing
video-mediated with audio only communication. There were a number of differ-
ences between Doherty-Sneddon et al.’s experiment and ours, particularly in the
tasks used. The map task depended on the two participants not being able to see
each others’ maps, asthey differedin detail. Our task depended on being ableto see
identical stimuli. Also, in Doherty-Sneddon et al.'s experiment, video configura-
tion was awithin pairs variable. Thisled to more sensitive statistical comparisons
but could have resulted in subtle effects due to participants being able to experi-
ence and compare al three configurations.

Doherty-Sneddon et al. (1997) had two video-mediated conditions; one sup-
ported mutual gaze via a video tunnel, and the other did not. Interestingly, their
video configuration allowing mutual gaze resulted in more turns and more over-
laps than the one that did not. A subsequent analysis of gaze behavior showed that
this configuration also resulted in 56% more gazes per dialogue than the other
video-mediated condition or acomparabl e face-to-faceinteraction from aprevious
experiment. They describe this as “overgazing” (i.e., gazing more than is natural)
and attribute it to the novelty of establishing mutual gazewithaTV image. The ex-
periment described here did not have these control configurations, thereforeiit is
not possibleto say whether overgazing occurred here. Overgazing isapossible ex-
planation of the nonsignificant trend towards alarger number of turns and the sig-
nificantly larger number of words spoken by the expert in the video tunnel only
configuration. The increased number of overlaps with the Video Tunnel Only con-
figuration paralleled the results of Doherty-Sneddon et al. and may also be ex-
plained by the novelty of video-mediated mutual gaze.



A LOOK ISWORTH A THOUSAND WORDS 275

In sum, it isdifficult to judge the generality of the lack of any apparent advan-
tage for the video tunnel only configuration over audio only in our experiment. It
is, however, consistent with other studies that have questioned the value of aview
of the face when the work to be carried out involves mainly information transfer
concerning ashared visual object and in acontext in which speech communication
iseffective (A. H. Anderson, Smallwood, et al., 1999; Chapanis, 1975; Gaver et al.,
1993; Veinott, Olson, Olson, & Fu, 1999).

The Value of Full Gaze Awareness: The GA Display
Compared With the Two Controls

The main focus of this study was the GA display. The significant difference ob-
served between the GA display and the video tunnel only condition is of theoreti-
cal interest as ademonstration that full gaze awareness can facilitate communica
tion in comparison with a control condition that provides mutual gaze and facial
expression. Although an analysis of the information provided by full gaze aware-
ness suggests that it should be an important conversational resource, thisis, to our
knowledge, the first experimental demonstration that it actually is.

A distinction can be drawn between the explicit and implicit use of gaze.
Clark’s (1996) example, “1 want you [gazes at A] and you [gazes at B],” illustrated
the explicit use of gaze. Thisis effectively pointing with the head and eyes and
could equally well have been done with a hand. The implicit use of gaze involves
less conscious gaze activity on the part of the gazer. For example, in our experi-
ment the expert could monitor thevisual attention of thereceiver to seeif it wasap-
propriate given the instructions uttered.

Therewassomeevidenceinthetranscriptsthat gazewasusedexplicitly for deixis.

Pair 12

ok thisfirst oneisis sort of in the top right
[yeah]

[corner] and its sort of um by alittle knobby [bit]
[knobby] bit

[yeah] _

[yeah that] looks right there

there

yeah

In the previous dial ogue the expert (E) examined the receiver’'s (R) focus of at-
tention and decided that it was correct (“yeah that looksright”). The receiver indi-
cated explicitly that she was looking at the point in question, almost asif she was
pointing with a finger, (“there”). Finally the expert concurred (“yeah”). Also one
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pair (pair 6) decided early on to use gaze explicitly as a strategy for solving the
task. More generally, however, the transcripts do not suggest that gaze was used
explicitly in thisway, leaving open the possibility that gazeisimplicit behavior on
the part of the encoder that is monitored by the decoder, as implied by the term
gaze awareness.

As well as demonstrating that full gaze awareness can facilitate communica-
tion, the results provide support for the practical value of the GA display. The most
likely alternative in a real work context in which communication has to be elec-
tronically mediated is represented by the audio only control condition. The GA
display resulted in participants using 949 fewer words and 55% fewer turnsthanin
the audio only condition.

Alternative control conditionswere considered when designing thisexperiment.
It would have been interesting to know how the GA display compared with a
copresent control condition. Thispossibility wasrejected becauseof thedifficulty in
choosing an appropriate copresent configurati on. Two peoplecommunicating about
astimulus hung on asheet between them would be visually equivalent but isamost
unlikely work context; if they arecopresent, why shouldthey transfer thestimulusto
aspecial display? A morerealistic work context would be a printed version of the
stimulus placed horizontally between two participants, but thisisvisually very dif-
ferent from the GA display.

Reducing the amount of talk required to complete thetask isof practical impor-
tance in contexts in which communication is difficult or may interfere with some
other element of thetask: delicatemanual controls, for example. Onemay al so spec-
ulatethat inthelonger term, longer, that is, than a30-min experimental session, this
saving could bereflected in practically important performance effects. Monk et al.
(1996) argued that participants in an experiment protect performance of the main
task given them by the experimenter. Thiswould be reflected in differencesin pro-
cessmeasuresand might al so be experienced asanincreaseinworkload. In continu-
ous realistic work, it may be much more difficult or stressful to maintain perfor-
manceinthisway, anditispossiblethat aperformanceadvantagefor the GA display
could bedemonstratedinlong-termuse. Wehavedemonstrated that full gazeaware-
ness can be mediated and isindeed “worth 1,000 words” (949 in our experiment).
Further research isneeded to determine the generality of thisfinding with regard to
longer term performanceeffectsandincomparisonwithother control conditions.
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