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Abstract. In a multi-party video conference, it is more difficult to
achieve smooth turn-taking than in face-to-face communication. This
is probably because gaze cues are not shared. In this paper, we propose
a system for facilitating turn-taking through the sharing of gaze cues in
multi-party video conferences. We implemented video conferencing sys-
tems that use arrows and modification of the video window size to share
gaze cues the same as in face-to-face communication. We also conducted
an experiment to investigate the effect of the system on turn-taking.
The results suggested that our system could facilitate turn-taking and
communication.

Keywords: multi-party video conference · remote communication · turn-taking
· gaze interaction · participation status.

1 Introduction

In recent years, video conferencing systems such as Zoom 3 and Microsoft Teams 4

have been increasing. However, compared with face-to-face communication, it is
difficult to achieve smooth turn-taking in a multi-party video conference, and
speech contention and silence often occur. In comparison, in face-to-face com-
munication, there is little speech contention and silence, and smooth turn-taking
is achieved. The reason for this is that the participants in face-to-face communi-
cation know each other’s participation status such as who the speaker is. Gaze
cues (information on whom each participant is looking at) play an important
role in understanding the participation status. However, in a multi-party video
conference, gaze cues are not shared. Therefore, participants are unable to know
each other’s participation status, and that causes speech contention and silence
in turn-taking.

To solve this problem, much research has been conducted to promote commu-
nication through the sharing of gaze cues in video conferences [5, 10]. However,

3 https://zoom.us/
4 https://www.microsoft.com/ja-jp/microsoft-365/microsoft-teams/free/
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in these studies mainly real space or 3D CG space have been used to represent
the relative positions and gaze directions of the participants, and little research
has been conducted on video conferences with multi-party participants using 2D
video windows such as Zoom and Microsoft Teams.

Therefore, in this paper, we propose a multi-party video conferencing system
(Figure 1) that detects the gaze cues of each participant with a the display-based
eye tracking program and visualizes them by using arrows or by modifying of
the video window size.

The system aims to promote the understanding of participation status and
is expected to reduce speech contention and silence during turn-taking in multi-
party video conferencing.

Fig. 1. Proposed multi-party video conferencing systems with two gaze cues represen-
tations. Shown are gaze cues represented by arrows (left) and by a change video window
size (right). Left and right figures are representations of same gaze cues. Participant in
upper left is gazing at participant in upper right, and participants in upper right and
below are gazing at participant in upper left.

2 Related work

Nonverbal information plays an important role in face-to-face communication [9].
Kendon [4] showed that turn-taking is achieved when the speaker gazes at the ad-
dressee during a break in speech, and the addressee accepts the gaze and returns
it to the speaker (mutual gaze). In addition, the gaze cues of the speaker before
the end of an utterance indicate the intention to pass the floor and encourage lis-
teners to be aware of their own participation status. Goffman [3] stated that the
participation status that each participant has depends on the degree of participa-
tion in communication. Participation status include the speaker who is currently
speaking, the addressee who should get the floor next, and the side participant
who participates in the communication but does not become the addressee. The
roles of participants in communication are determined by the gaze cues of the
speaker. In addition, the listener’s gaze cues influence the speaker’s choice of the
next speaker [11]. Therefore, participants understand their participation status
on the basis of each other’s gaze cues [1].
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There are many works in which nonverbal information has been used to
support turn-taking in video conferencing. Tamaki et al. [8] proposed a method
that supports smooth turn-taking in video conferencing by detecting pre-motions
before a person speaks and highlighting the participant who is most likely to
speak next. A pre-motion is an action that a person performs before speaking,
and it expresses the desire to speak. However, Tamaki et al. did not use gaze cues
as the pre-motion. Vertegaal et al. [10] proposed a multi-party video conferencing
system that transmits eye contact to participants. In this system, the video
windows of each participant are arranged in 3D CG space on a the display, and
the system turns the video windows to present gaze cues.

Okada et al. [6] conducted a video conference with three people by projecting
an actual-size image of the other people on a curved screen and matching their
gaze to it. Thus, much research has been conducted to promote communication
by sharing gaze cues in video conferences. In these studies mainly real space or 3D
CG space have been used to represent the relative positions and gaze directions
of the participants. However, existing video conferencing systems such as Zoom
and Microsoft Teams display video windows in 2D.

In this paper, we propose a multi-party video conferencing system in which
the video windows of each participant are arranged in 2D. In addition, we propose
a method for promoting the understanding of the participation status and for
facilitating turn-taking in a multi-party video conference by transmitting gaze
cues.

3 Proposed system

We implemented a multi-party video conferencing system with gaze cues repre-
sentation as a Web application.

To implement the system, we used SkyWay [2], a WebRTC platform. SkyWay
was also used to send and receive detected gaze directions. A JavaScript library,
WebGazer.js [7], was used to detect gaze directions. WebGazer.js detects the
point on the display at where the user is looking during a video conference with
the built-in camera of a laptop. The detected gaze cues information is sent to
each participant using SkyWay and expressed in accordance with each gaze cues
representation.

In this research, the video conferencing system is for three participants. The
system arranges each of their video window . The system was designed to make
one’s own window small and the windows of the other participants large. The
reason for this was that the results of a preliminary experiment showed that
the participants behaved differently from face-to-face communication (e.g., they
gazed at their own video window) when the windows were arranged evenly.

Our implemented system represent participants’ gaze cues and then shares
gaze cues with other participants. We propose two gaze representation methods,
which are described in section 3.2.
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3.1 Gaze cues representation methods

We proposed two representation methods for visualizing gaze cues. The first
represents gaze cues using arrows. The second represents gaze cues by changing
the size of the video window.

Method for representing gaze cues with arrows Gaze cues of each partic-
ipant are represented by an arrow (Figure 1, left). An arrow is displayed on the
video screen when the participant is gazing at another participant. However, the
arrow that shows who they themselves are gazing at is not displayed on their
own screen. Since information on who is looking at whom is shared directly, gaze
cues from the speaker can be clearly recognized.

Method for representing gaze cues by changing size of video window
The video window that many participants are gazing at is enlarged, and the
video windows of participants without gaze cues are reduced in size(Figure 1,
right).

In this representation, the participant with the most gaze cues is displayed
the largest, making it clear to the listener who to gaze at. There are three window
sizes (when no one is gazing, one person is gazing, and two people are gazing),
and it does not count when a participant gazes at their own video window. In
other words, gaze cues are indirectly shared as the size of the video window.
Also, the size of the video window indicates the participation status.

4 Experiment

Using the proposed system, we conducted an experiment to find out whether
a video conference using it actually facilitated turn-taking. In this section, we
describe the experimental design, results, and discussions.

4.1 Experimental design

Three participants held a discussion to generate as many ideas as possible by
using the video conferencing system. A total of 9 participants (8 men and 1
woman, mean age of 21.7 years) participated. They were split into 3 groups of 3
participants. The following three conditions were set.

– Control Condition : video conferencing system with no gaze cues

– Arrow Condition : video conferencing system with gaze cues representa-
tion method using arrows

– Window Condition : video conferencing system with gaze cues represen-
tation method using the size of the video window
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The experiment was conducted in a within-subject design. We used a Latin
square method for counterbalancing and determined the order of conditions for
each group. Each conference lasted for 7 minutes for each session. At the end
of each session, participants completed a questionnaire using a 7-point Likert
scale to canvass their subjective evaluation of whether the turn-taking and the
conference were facilitated. Table 1 shows the items of the questionnaire.

Table 1. Questionnaire for investigating subjective evaluation of whether turn-taking
and conference were facilitated.

Items 　
A–1 I think the participants listened to my speech.
A–2 I think the participants found I listened to their speech well.
A–3 During a break in my speech, I found the next speaker.
A–4 During a break in another participant’s speech, I found the next speaker.
A–5 During a break in another participant’s speech, I could speak.
A–6 I found who is the speaker is well.

We recorded audio and video of the conferences, and we conducted a con-
versation analysis after the experiment. The ratio of failed turn-takings and
the number of utterances of each participant were counted as items to evaluate
whether the turn-taking and conference were facilitated. The ratio of the failed
of the turn-takings was obtained by dividing the sum of the number of speech
contentions and silences by the number of turn-takings.

4.2 Results

Conversation analysis First, we conducted a Shapiro-Wilk test and checked
the normality (p >.05). We also conducted a Bartlett test and checked the
homogeneity of variances (p >.05).

Second, we conducted a one-way ANOVA on the ratio of failed turn-takings
among the three conditions (Figure 2, left), and there was a marginally significant
effect of the condition (p <.10). We conducted a multiple comparison test with
Bonferroni correction, and we found that the window condition was marginally
significantly different compared with the control condition (p <.10).

Finally, we conducted a one-way ANOVA on the number of utterances of
each participant among the conditions (Figure 2, right), and there was a signif-
icant effect(p = 0.0296 <.05) of the condition. Under a corrected significance
level, a multiple comparison test showed that the window condition was signifi-
cantly different compared with the control condition (p = 0.0442 <.05). We also
found the arrow condition was marginally significantly different than the control
condition (p <.10).

Questionnaire for investigating subjective evaluation of the conference
The results of the questionnaire are shown in Figure 3. These items were used



6 R. Iitsuka et al.

0

10

20

30

40

50

60

70

Control Arrow Window

Th
e 

nu
m

be
r o

f u
tt

er
an

ce
s 

0

5

10

15

20

25

30

35

40

Control Arrow Window

Th
e 

ra
ti

o 
of

 fa
ili

ng
 o

f t
he

 tu
rn

-t
ak

in
g

:p<0.10┼┼ *

*:p<0.05
:p<0.10┼

┼

Fig. 2. Results of conversation analysis.Ratio of failed turn-takings (left) and the num-
ber of utterances of each participant among three conditions (right) are shown.

to subjectively evaluate whether the system was able to promote participants’
understanding of their own participation status in the conference. The result of
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Fig. 3. The results of the questionnaire. These items were used to subjectively evaluate
whether the system was able to promote the understanding of their own participation
status in the conference. The results for A1 through A6 are shown.

a Friedman’s test showed that there was no effect of the condition for all items.
However, when the median values were compared, the window condition was
rated higher than the control condition for all items. In the arrow condition, the
median values of some items were the same as those in the control condition.
While turn-taking was promoted, there was no effect of the condition for all
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items in the subjective evaluation. This could have been caused by a lack in the
number of participants.

5 Discussion

In the arrow condition, turn-taking could not be promoted. We also found that
participants often looked outside the display. The reason for this could be that
the understanding of the participation status was not promoted. Therefore, it
might be necessary to further promote this understanding of the participation
status in the arrow condition; for example, it might be necessary to consider a
design in which one’s own gaze cue is displayed on one’s video screen, or a design
in which one’s gaze direction is guided toward the display.

There was a possibility that the window condition promoted the understand-
ing of the participation status. In addition, the number of failed turn-takings de-
creased, and the number of utterances increased, suggesting that the sharing of
gaze cues promotes turn-taking and facilitates conferences in multi-party video
conferences. The results of the window condition were also more significant than
those of the arrow condition, suggesting that using this method to show the
participation status may be effective.

In this experiment, 9 participants were split into 3 groups of 3 participants.
However, there were some analysis results that showed no significant differences
due to the a lack of data. Therefore, it is necessary to conduct an experiment
with more groups as an additional survey to increase the number of pieces of
data.

6 Conclusion

The purpose of this study was to reduce speech contention and silences and to
facilitate turn-taking in a multi-party video conference. Therefore, we proposed
a multi-party video conferencing systems that promotes the understanding of
participant status through the sharing of gaze cues.

On the basis of the results of a preliminary experiment, we implemented
a video conferencing system promoting gaze cues to be equivalent to those of
face-to-face communication and sharing gaze cues. To share gaze cues, we imple-
mented a gaze cues representation method using arrows and one using the size
of the video window.

We conducted an experiment to find out whether the proposed system could
promote the understanding of participation status and whether it facilitates
turn-taking. As a result of the experiment, it was found that our system could
facilitate turn-taking and the communication. We also discussed a subjective
evaluation of each condition based on the results of a questionnaire, and our
findings that will lead to improving the system in the future.

In the future, we plan to improve the gaze cues representation methods based
on the findings and conduct experiments with a sufficient number of participants
to verify the effectiveness of the proposed system in more detail.
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