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ABSTRACT

With respect to collaborative physical tasks, gaze and
gestures play significant roles when referring to physical
objects. In video-mediated communication, however, such
nonverbal cues become "ineffectual" when they are
presented via a 2D monitor, making video-mediated
collaborative physical tasks inefficient. This study focuses
on gaze cues to support remote collaborative physical tasks
and uses an eye-shaped display, "ThirdEye," a simple addon display that represents a remote participant's gaze
direction. ThirdEye is expected to be especially effective
when used with mobile terminals. We investigated whether
the ThirdEye’s gaze shift is effective in leading a local
observer's attention toward objects in the local environment,
even when ThirdEye is presented with the actual face image
of a remote person. Experimental results show that ThirdEye
can lead the local participant’s attention to intended objects
faster than without ThirdEye.
Author Keywords
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ACM Classification Keywords

H.4.3 Communications Applications: Computer
conferencing, teleconferencing, and videoconferencing.
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Group and Organization Interfaces.
INTRODUCTION

“Collaborative physical tasks” refer to those in which
multiple participants collaboratively attend to and act on
physical objects in the real world [30]. When collocated
participants perform collaborative physical tasks, gaze and
gestures play significant roles when referring to objects
during a conversation [17,42]. In video-mediated
communication, however, gaze and gestures become
“ineffectual” [18] when they are presented from a 2D
monitor [15]. Therefore, such limitations of nonverbal cues
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make collaborative physical tasks problematic when
conducted remotely.
Numerous studies have proposed technologies to overcome
this limitation. Most early studies focused on supporting
remote gestures by overlaying gestural information over a
physical referent [13,28,32,33,40]. On the other hand, as
gaze-tracking technologies have become affordable,
researchers began to explore how gaze-tracking can support
HCI [4,8,9,12,19]. Following this trend, our current study
focuses on gaze cues to support remote collaboration on
physical tasks.
Some studies have already focused on gaze cues to support
remote collaborative physical tasks [20,34,38,39]. The
drawbacks of the existing approaches, however, are that they
require displays that are less common, such as face-shape
displays [34] or cylindrical displays [27]. Some of them can
also cause inconvenience to users by requiring them to wear
a headset [20,39]. This study investigates a simpler solution
to presenting a remote participant’s gaze direction into a
local environment.
Another trend we are interested in is the utilization of mobile
devices for video communication [7,24,25]. Some
researchers have already begun investigating how mobile
devices can be used to support collaborative physical tasks.
However, most discuss how they can support gestures with
the mobile devices. For example, Gauglitz, et al. proposed an
advanced technology to support remote pointing [14].
As for gaze cue support, Otsuki, et al. proposed ThirdEye
(Figure 1), an eye display that can be easily added to a mobile
device, simulating a remote participant's gaze [36]. Although
they showed that the system was effective in improving the
gaze estimation accuracy when the eye was static, they have
not investigated whether ThirdEye's eye movement is
effective in communication. It is well known that eye

Figure 1. ThirdEye (left) and its use case (right).
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movement facilitates phenomena in communication, such as
“mutual gaze” [26] and “joint attention” [35]. In this study,
we primarily focus on “gaze-leading” [3,5].
The aim of this study is to investigate whether the eye
movements of ThirdEye are effective in leading a local
observer's attention toward objects in their local environment.
For this purpose, we simulate a case in which a pair of
participants collaborate remotely via mobile terminals with
ThirdEye. During the collaboration, a remote participant
refers to objects in the local participant’s environment. The
results show that ThirdEye can lead the local participants’
attention to the intended objects faster than with cases for
which ThirdEye is not used.
In this paper, we first frame our work by introducing related
works and by explaining recent trends in remote
collaborative physical tasks. We also briefly introduce
ThirdEye, a technology to support gaze cues in video
communication. Next, we describe our experiment with
ThirdEye. Then, we describe the results and discuss the
effects of ThirdEye in gaze-leading.
RELATED WORK
Remote Collaborative Physical Tasks

Studies on remote collaborative physical tasks have targeted
various tasks that shares physical objects, such as papers [33],
toy blocks [13,28], and machinery [14,29–32]. Typical
experimental settings for such studies involve a remote
participant guiding a local participant to act on physical
objects in the local participant’s space. Most early studies in
this domain focused on supporting gestural expressions. For
example, Kuzuoka proposed to project a laser pointer [32]
directly onto physical objects, while others proposed to
overlay a graphical pointer [14,29] or a freehand drawing
[13] over physical objects using video see-through. A richer
approach for remote gesturing is to overlay the remote
participant’s hand gesture image over the shared objects
either by directly projecting it or by using a video seethrough technique [28,33]. Most these studies proved that
gesturing functions effectively support remote collaboration
on physical tasks.
Although it is well-known that the human gaze is an
important
nonverbal
cue
for
communication
[16,21,23,26,43], there have, until recently, not been many
studies that strive to support gaze cues for remote
collaboration on physical tasks. Our current study challenges
this status quo. We are interested in how we can support gaze
cues when participants are using everyday mobile devices.
Importance of Gaze Cues

Gaze awareness, or "the ability to monitor the direction of a
partner’s gaze and thus his or her focus of attention" [23], is
an important factor in human communication [16,21,26].
For example, a gaze shift toward an object is one of the
strongest cues for achieving joint attention [35]. Andrist, et
al. conducted the detailed analysis of “coordinated referential
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gaze in collaborating dyads” [3]. Then they implemented the
gaze coordination model on a virtual agent and proved that
the model is effective in achieving efficient verbal
referencing [4]. Friesen, et al. revealed that observers’
attention was inevitably guided by a character’s eye
movement, even when the face is a simple line drawing of a
round shape with two circles representing the eyes [11].
These studies clearly show the importance of gaze cues and
indicate the possibility of enhancing human–robot
interaction and remote collaboration using artificial gaze
cues.
Studies of Gaze Cues in Human–Robot Interaction

The effect of artificial gaze cues on leading human gaze has
been investigated in the field of human–robot interaction and
cognitive sciences. Admoni et al. showed that the effect of a
robot’s gaze on the performance of a referential task was
similar to that of a human’s gaze [2]. Other studies have also
showed that when a robot’s gaze behavior is designed similar
to that of a human’s, the robot’s head–eye coordination is
effective in improving a participant’s task performance [6],
and the robot’s gaze, coupled with speech, is effective in
improving the efficiency of leading a participant’s gaze [41].
These results seem to indicate that ThirdEye has similar
capabilities as a robot’s gaze. However, in most of the
existing studies, gaze was coordinated with the robot’s head
motion, which is shown to be effective in inducing a faster
reaction of the participant to the robot’s gaze compared to
the case when the robot’s head is not moved. In our study,
we attach a ThirdEye on a fixed display and a remote
participant’s face is shown separately (Figure 1). Therefore,
it is not immediately self-evident that ThirdEye is actually
effective in leading the local participant’s gaze.
However, Admoni et al. also investigated the effect of
various directional cues on shifting the attention of a
participant to the cued direction [1]. The results indicated
that common directional cues, such as human gaze, gaze of
a line-drawn face, and even a line-drawn arrow,
automatically shifted the attention of a participant to the
directed location while the robots’ gaze did not. These
contradictory results further increased our uncertainty of the
effectiveness of a simple gaze representation, such as
ThirdEye, in leading human gaze.
Supporting Gaze Cues for Remote Collaboration

Recently, as eye-tracking technologies have become
affordable, researchers began using gaze trackers to support
remote collaboration by presenting a remote participant’s
gaze information to the local participant [8,9]. However, in
most cases, gaze targets tend to be graphical objects in a
monitor. Nevertheless, there are only a few studies that target
physical objects. Higuchi, et al. proposed to overlay fixation
points of a remote participant over a physical object in a local
environment using a video projector, or a head-mounted
display (HMD) [20]. However, using a projector is not
suitable when the target is not placed on a flat projectable
surface. Additionally, an HMD puts a burden on the user.
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Although they did not use gaze tracking technologies,
Misawa, et al. proposed systems that use a 3D face-shaped
screen with a 3D motion platform, proving that their system
was effective in presenting a remote gaze onto local physical
objects [34]. Because each screen needs to match a remote
participant’s face, general system versatility is still limited.
In our study, as we explain shortly, we are interested in
simpler technologies that can be applied easily to mobile
terminals.
Supporting Collaboration Using Mobile Terminals

Advances in mobile technologies enable people to use
mobile video conferencing anytime from any place.
Therefore, compared to static video conferencing systems,
existing studies tend to use mobile video conferences to
share physical objects to support collaborative physical tasks
[14,22,25].
In line with this trend, we are targeting ordinary mobile
terminals to support collaborative physical tasks. As we have
already mentioned, we are also interested in how remote
collaborative physical tasks can be enhanced with gaze cues.
Meanwhile, Otsuki, et al. proposed ThirdEye [37], an eye
display which can be easily added to a mobile device, and
presents a remote participant's gaze direction. To the best of
our knowledge, this is the simplest solution to support gaze
cues for mobile devices. Therefore, in this study, we
investigate how ThirdEye supports remote collaborative
physical tasks.
ThirdEye

This section briefly explains the overview of ThirdEye which
will be used in this study. ThirdEye is a hemispherical
display that works as a surrogate to a remote participant’s
eyeball. ThirdEye was made by cutting commercially
available artificial Ulexite into a hemispherical shape.
Ulexite is a material that can project an image from its
bottom surface to an opposite surface. Thus, the image
appears to float on the spherical surface. Therefore, if a
moving eye is displayed on a flat LCD and the hemisphere is
placed on the local LCD, the eyeball appears to rotate and to
look around the local area.
The average diameters of a human eyeball and iris are 24 and
12 mm, respectively [10]. The hemispherical display and its
iris were designed to match these parameters. The iris’ shape
displayed on the LCD is determined such that it becomes a
perfect circle when it appears on the surface of the
hemisphere’s surface. ThirdEye requires no mechanical
movements; it requires only the hemispherical display and
software modules. Therefore, the system is quite responsive
when presenting a remote participant's saccadic eye
movement in real time. Furthermore, it consumes much less
electricity compared to a motor-operated eye robot. Because
of these features, ThirdEye can be used with a small mobile
terminal.
Figure 2 shows a typical system configuration. The mobile
terminal’s in-camera at a local site captures an image of the
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Figure 2. Typical system configuration using ThirdEye

local environment. This image is then displayed at the remote
site. As the remote participant looks at an object in the LCD,
an eye tracker measures his or her gaze position and sends
this data to the local terminal. The terminal then calculates
an appropriate gaze direction for ThirdEye and displays the
iris at the appropriate position on the mobile terminal’s LCD.
If ThirdEye is placed closed to the in-camera, its gaze
direction can be approximated by considering only the incamera’s field of view.
Otsuki, et al. compared two conditions for gaze presentation:
a condition with ThirdEye and a condition that shows an
image of a human face gazing at target points. The results
showed that ThirdEye is more effective at enabling observers
to estimate gaze direction accurately. In their study, however,
they did not show the motion of ThirdEye's iris, and the
observers were explicitly told to estimate the gaze direction.
Therefore, the purpose of this study is to investigate whether
ThirdEye is effective in leading the observer’s (local
participant’s) eyes to a target object when ThirdEye's gaze
shifts to the object during interaction, even when the
observer is not explicitly told to estimate the gaze target.
In addition, our interest lies in testing whether ThirdEye is
capable of enhancing normal video communication when it
is used along with a remote participant’s live face image. For
instance, we test whether ThirdEye’s gaze shift improves the
efficiency of gaze leading when it is accompanied by a
remote participant’s face image, which also synchronously
presents his/her gaze shifts by means of a separately attached
ThirdEye.
EXPERIMENT: EVALUATION OF THE EFFECTIVENESS
OF PARTICIPANT'S GAZE-LEADING BY THIRDEYE

The aim of our experiment was to evaluate whether ThirdEye
can lead an observer’s (local participant’s) gaze during video
communication. Because we assumed that ThirdEye may be
used as an add-on function in video communication
applications like Skype, we wanted to test its effect when
used in combination with a remote participant’s actual face
image. There was a possibility that an observer may pay
more attention to the actual face and neglect ThirdEye.
Therefore, the research question of our experiment is:

Is the combination of ThirdEye and an image of a remote
participant’s face effective in leading an observer’s gaze to
a target faster than the case without ThirdEye but only the
image of a remote speaker’s face?
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Experimental Design

In this experiment, we asked participants to listen to a
prerecorded talk by a remote speaker. Although it is not a
naturalistic collaboration, we chose this design for the sake
of experimental rigor (i.e., keeping the remote speaker's talk
and gaze behavior consistent between multiple conditions
and participants). The experiment followed a withinparticipants design. We compared the participant's gaze
behavior between following two conditions of the display
method:
1.
(a) without ThirdEye
(Video only)

(b) with ThirdEye
(Video + ThirdEye)

Figure 3. Experimental conditions

2.

Web camera
ThirdEye
Skype video
Tablet PC

Experimental Setup

Cards

Participant

Figure 4. The actual participant's environment

Cards

30 cm 14 cm

50 cm

Participant
15 cm
50 cm

Web camera

ThirdEye
Tablet

45 cm
18 cm

Tablet

15 cm

Figure 5. Experimental setup

Figure 6. A screenshot of the video
which was displayed on the speaker’s monitor.
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“Without ThirdEye” condition: A prerecorded video
and voice of the remote speaker (experimenter) were
played on an 8.3 inch tablet PC (Figure 3 (a)). Though
the hemispherical display was placed on the tablet PC’s
LCD, ThirdEye was turned off and filled with black
color.
“With ThirdEye” condition: A prerecorded video and
voice recording of the speaker, like those played for the
“without ThirdEye” condition, were played on the
tablet PC (Figure 3(b)). Additionally, ThirdEye was
placed in the same position as “without ThirdEye,” but
turned on, and ThirdEye's gaze was synchronized with
the speaker's gaze.

Figure 4 shows the participant’s environment for the
experiment and Figure 5 shows its schematic overview. The
participant sits 50 cm in front of the 8.3-inch tablet PC
(Lenovo ThinkPad 8, Windows 8.1 32 bit, Intel Atom CPU
Z3770 1.46 GHz, 2 GB memory). Four cards (10.5 × 7.5 cm)
depicting popular products or scenic sites from Ibaraki,
Japan were placed in front of the participant at intervals of
14 cm. The cards were arranged such that their centers were
30 cm away from the tablet. The tablet PC was set in a
portrait orientation to simulate a common case when a tablet
PC or a smart phone is used for video communication.
ThirdEye was then placed 18 cm above the table’s surface.
A webcam (BUFFALO, BSW50KM02BK, horizontal fieldof-view: 120º) was placed atop the tablet. The webcam’s
vertical tilt was adjusted such that the participant and the four
cards in front of him were visible to the camera.
Prerecorded Video of the Speaker

One experimenter acted as a remote speaker and sat 50 cm in
front of a monitor (GeChic Corporation, On-Lap1101H, 11.6
inch). We chose an 11.6-inch monitor to simulate the
possible scenarios for the remote speaker who used a mobile
terminal such as a small notebook PC. The chair’s height was
adjusted such that the speaker’s eyes were at the same height
as the webcam (Logicool, C615), which was installed atop
the monitor. Additionally, a video of the experimental
environment was captured by the webcam on the
participant’s side (Figure 6) and was displayed on the
speaker’s monitor. The angle between the rightmost card and
leftmost card was 12º when the speaker observes them on the
monitor from his viewing position.

Page 4

CHI 2018 Paper

In the environment, the speaker explained the cards one by
one while we recorded the video image captured by the web
camera on the speaker’s side. The video was clipped to show
only the speaker’s face and to remove any unnecessary visual
objects around it.
To investigate the effect of the speaker’s or ThirdEye’s gaze
shift on leading the participant’s gaze toward the cards, the
speaker said, “Please look at me” to acquire the participant’s
gaze to the speaker prior to beginning the explanation of each
card. At this moment, the speaker gazed frontward to
simulate eye-contact. However, we did not tell the
participant that they should pay attention to ThirdEye in
“with ThirdEye” condition. The speaker then shifted his eyes
from the front to the target card with the utterance of "First,
…" or "Next, …" In the case of the “with ThirdEye”
condition, ThirdEye was synchronized with the speaker’s
gaze.
To assess the effect of the speaker’s or ThirdEye’s gaze shift
on leading the participant’s gaze, the speaker paused 3 s after
shifting his gaze and before starting the explanation of the
card. The duration of the description of each card was
approximately 30 s. The speaker’s explanation contained the
product’s name or the site at the beginning of the description.
The speaker did not speak about the cards’ positions.
An example speaker’s script is as follows:
Please look at me.
Next (simultaneously shifting his gaze to a card),
(3 s pause) JAXA.
JAXA is located relatively close to the University of
Tsukuba and it is about 20 min by car. You can see the
full-scale satellite models and actual rocket engines.
Reservation is required in advance to visit JAXA, but
you can also ask for a free guided tour during opening
hours.
Procedure

Although we notified the participants that the speaker’s
video was prerecorded, we instructed them to evaluate the
experiment by assuming they were participating in a live
Skype conversation. To reinforce this instruction, we
provided an explanation of the experiment live by the same
speaker over Skype. During the explanation, we instructed
the participant to look at the tablet when he heard the speaker
said “Please look at me.” The participant was also instructed
that he was free to look anywhere he wished afterwards.
After the explanation of the experiment, the experimenter
asked the participant to close his eyes, and the experimenter
placed the four cards on the table. The participant opened his
eyes when instructed and listened to the speaker’s
explanation about each of the four cards provided from the
tablet PC. One round of listening to the explanation of the
four cards was counted as one trial. Each trial was repeated
1
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“First, …”
or
“Next, …”

Participant

Speaker begins
shifting his gaze to
the target card

!

The participant
begins shifting his
gaze to the cards

The participant
fixated to the
proper card.

Gaze Leading Time
Gaze Leading Reaction Time
Target Identification Time

Figure 7. The relation of the "Gaze Leading Time",
"Gaze Leading Reaction Time", and
"Target Identification Time".

under the two conditions of the display methods. Separate
sets of cards were used for the two conditions.
We asked the participants to answer a questionnaire after
each trial. After the experiment’s completion, we further
asked them to answer a post-experiment questionnaire and to
participate in a follow-up interview. In the follow-up
interview, we asked the participants the reasons for the
answers they provided to the questionnaire items, and their
impressions or thoughts about the systems.
Ten undergraduate and graduate students with normal vision
or corrected to normal were selected as the participants (all
the participants were male and 22–30 years old). Although
the order of the card sets was constant, to minimize the order
effect, the order of the two conditions were counter balanced
and the explanation order of the four cards were randomized
using a Latin square design.
Measures
Objective measure

We calculated the Gaze Leading Time, the time between the
moment the speaker started shifting his gaze and the moment
when the participant’s gaze fixated to the proper target card.
To further understand how ThirdEye's gaze shift led the
participants' gaze, we divided the gaze leading time into two
phases (Figure 7):
1.

Gaze Leading Reaction Time: the duration of time from
the moment that the speaker begins shifting his gaze
toward the card in the video to the moment the
participant begins shifting his gaze toward the cards
placed in front of him.
2. Target Identification Time: the duration of time from the
moment that the participants' eyes begin shifting toward
the cards to the moment when they fixate their gaze
onto the proper card.
For these calculations, we used a video annotation software
ELAN 1 to analyze the video data that recorded the
participant's face during the experiment. The experimenter
manually labeled the moment when the participant's eyes

https://tla.mpi.nl/tools/tla-tools/elan/
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began shifting toward the cards from the tablet PC, and the
moment when the participant finally rested his gaze on the
target card. Because ELAN supports 25 fps for video data,
the maximum time resolution was 40 ms.
The hypothesis of our experiment is, “ThirdEye can lead the
participants' gaze faster to target cards compare to the
condition when ThirdEye is not used.”
In our analysis, we included the explanation order of cards
as a factor because we anticipated that the fewer the
remaining explanations (cards), the shorter the gaze leading
time. We want to investigate whether ThirdEye is effective
in leading the participant’s gaze, even when the remaining
explanations are fewer.
Subjective measures

Table 1 presents the questionnaire that we administered to
the participants after each trial. Table 2 presents the
questionnaire that we provided to the participants at the end
of the experiment. In Q1-Q3, we used a Likert scale with six
levels. We asked the participants to select a response among
“1: Strongly disagree” to “6: Strongly agree.” In Q4, we
asked the participants to select a response among “1:
ThirdEye” to “6: Face image,” and in Q5, we asked the
participants to select a response among “1: with ThirdEye”
to “6: without ThirdEye).” We used a 6-point graphic rating
scale for each question.
RESULTS
Objective Results

For the objective measures, the experimenter manually
labeled the moment when the participant's eyes began
shifting toward the cards from the tablet PC, and the moment
when the participant finally fixed his gaze on the target card.
We asked an additional coder who was unaware of our
hypothesis to label 40% of the data. As a result, a high degree
of reliability was found between both coders. For the
moment when the participant begins shifting his gaze, the
single measure ICC (intraclass correlation coefficients)

Q1

I felt as if the other person was looking at me while
speaking.

Q2

It was convenient to determine what the other person
was looking at.

Q3

I felt as if I was having a conversation with the other
person.

Table 1. Questionnaire administered after each condition.
Q4

When the ThirdEye was available, did you pay more
attention to the ThirdEye or to the face image?

Q5

In which method was it more convenient to listen to
the explanation?
Table 2. Post-experiment questionnaire.
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was .954. For the moment when they fix their gaze onto the
proper card, the single measure ICC was .831. These results
indicate that our objective results are reliable.
Figure 8 shows the average of the gaze leading times. A twoway analysis of variance was conducted with the display
(two levels) and explanation order (the order of a card
explained in each trial, four levels) as the factors.
The statistical analysis demonstrated that the main effect of
both the display method and explanation order were
significant (F(1, 9) = 8.47, p = .017; F(1.57, 14.15) = 5.10, p
= .028, respectively). Interaction between the display method
and the explanation order was not significant. A post-hoc test
for explanation order using the Bonferroni correction
revealed that there was a significant difference between the
first and fourth explanations (p = .028).
Figure 9 and 10 show the average of the gaze leading reaction
times and the target identification times, respectively. A twoway analysis of variance was conducted with the display
(two levels) and with the explanation order (the order cards
explained in each trial: four levels) as the factors.
As for the gaze leading reaction time, the analysis results
demonstrated that the main effect of both the display method
and explanation order were significant (F(1, 9) = 16.16, p
= .003; F(1.64, 14.76) = 4.14, p = .044, respectively).
Interaction between the display method and the explanation
order was not significant. Therefore, we performed a posthoc test for explanation order using the Bonferroni correction.
The results also demonstrated a significant difference
between the first and fourth explanations (p = .021).
Additionally, the proportion of trials in which the gaze
leading reaction time was below 3 s (i.e., the proportion of
trials in which the participants looked at the target card after
the speaker shifted his gaze in the video, prior to the speaker
beginning to explain the card) was 22.5 % for the “without
ThirdEye” condition and 72.5 % for the “with ThirdEye”
condition. The chi-square test indicated that this represented
a significant difference (p < .001). As for the target
identification time, results showed no significant difference
either for the main effects or the interaction.
Subjective Results

Figure 11 illustrates the average responses for the
questionnaire questions Q1–Q3. For each question, a
Wilcoxon signed-rank test was performed with the display
method as the factor (two levels). A significant difference
was observed in all the questions (Q1: p = .03, Q2: p = .005,
Q3: p = .04). For Q4 and Q5, we performed a binomial test.
In Q4, scores 1, 2, and 3 were counted as “ThirdEye”, and
scores 4, 5, and 6 were counted as “Face image.” Similarly,
in Q5, scores 1, 2, and 3 were counted as “with ThirdEye”,
and scores 4, 5, and 6 were counted as “without ThirdEye”.
The results indicate that the proportion of the participants
who paid more attention to ThirdEye was significantly
higher than those who paid attention only to the face image
(p = .011). Additionally, the proportion of the participants
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who felt it was more convenient to listen to the explanation
in the case of “with ThirdEye” was higher than the case of
“without ThirdEye” (p < .001).

*

8

Time [sec]

Time [sec]

6

4
2
0

DISCUSSION

4
2
0

w/o TE w/ TE
Conditions

1

2

3

4

Order

(a) Display method

(b) Explanation order

Figure 8. Average of the Gaze Leading Time. “TE” denotes
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The results of gaze leading reaction time show that the gaze
shift of ThirdEye was effective in inducing the participants
to begin shifting their attention to the cards. It is also
surprising that 72.5 % of the participants in the “with
ThirdEye” condition shifted their gazes to the cards before
the speaker mentioned the specific card content (e.g., the
name of a place). Similar to the gaze leading time, there was
a significant difference between the first and fourth cards.
However, because there was no interaction between the
display method and explanation order, we can assume that
ThirdEye was constantly effective in inducing the gaze shift
of the participants throughout the trial.
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Figure 11. Average score of Q1-Q3. (*: p < .05, **: p < .01)
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The gaze leading time was significantly faster for the “with
ThirdEye” condition compared to the “without ThirdEye”
condition. As we anticipated, there was a main effect for the
explanation order (i.e., the participants could find the last
card significantly faster than the first). However, it is
surprising to find that there was no interaction between the
display method and the explanation order, indicating that
ThirdEye was effective throughout the trial. These results
clearly showed that ThirdEye was effective in leading the
participants' gaze to the target objects. Hence, our hypothesis
was supported.

It is also interesting to note that we could not find any main
effects for the target identification time. Our explanation to
this result is that the participants tended to shift their eyes to
the card after they could estimate the card. Consequently, the
target identification time was simply the time for moving
their gazes from the tablet PC to the target card, in most cases.
Based on these quantitative results, we can assume that
ThirdEye was effective for participants estimating the
speaker’s gaze direction. The result of question Q2 (it was
convenient to determine what the other person was looking
at) also supports this assumption.
On the other hand, when ThirdEye was not available, it
seems that the participants had difficulty in determining the
card; they had to wait for the speaker’s utterances before they
could shift their gazes toward the cards. In the follow-up
interview, four participants commented that “it was hard to
determine the gaze target of the speaker from the face image,”
and six participants commented, “I could only determine the
general direction of the gaze from the face image, such as
whether the speaker was looking to the left or to the right.”
When a mobile terminal is used for a video communication,
the remote participant’s face becomes relatively small,
making it difficult to recognize gaze direction from a remote
participant’s eye movements. Furthermore, the remote
participant’s gaze fixation to a local object does not properly
correspond to the local environment. In our experiment, at
the remote site, the angle between the rightmost card and the
leftmost card in the 11.6 inch display area was only 12º from
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the speaker’s point of view. However, the actual angle
between those cards in the local environment was 70º from
the face image on the local mobile terminal. Therefore, it was
difficult for the participants to determine which card the
speaker was explaining based on the face image alone. As
for the answer to our first research question, we can conclude
that ThirdEye was effective in leading the subjects’ gazes to
the proper target card faster, compare to cases where
ThirdEye was not used.
We were interested in whether the participants paid attention
to ThirdEye and perceived it as a representation of the
speaker’s eyes. Because ThirdEye is a simple black circle on
the hemispherical display, it was quite possible that it was
not perceived as an eye. It was also possible that the
existence of two kinds of eyes might introduce conflicts to
the participants, thus giving higher priority to the actual eyes.
Although it is already evident from the discussion above, the
results of Q1 (“I felt as if the other person was looking at me
while speaking”) and Q4 (“When ThirdEye was available,
did you pay more attention to ThirdEye or to the face
image?”) back up the claim that the participants paid
attention to ThirdEye and perceived it as a surrogate to the
speaker’s eyes. Additionally, the results of Q3 (“I felt as if I
was having a conversation with the other person”), and Q5
(“In which method was it more convenient to listen to the
explanation?”) suggest that ThirdEye was cognitively
effective.
The contribution of our study is that we showed that simple
artificial gaze representation like ThirdEye can be perceived
as a surrogate to a remote person’s gaze. Furthermore, even
when it is presented with the actual face image of the remote
person, ThirdEye can get the observer’s attention and can
lead his or her gaze to a target object in 3D space. Although
it is possible to employ an anthrophonic robot’s head with
eyes [1,2,6,41] as a remote participant’s surrogate, and attach
it to a mobile terminal showing the remote participant’s live
face, it will diminish the simplicity of mobile terminals.
Instead, the simple solution of using ThirdEye can be easily
employed to various mobile terminals, making it possible to
apply the system to various collaborative physical tasks
wherever the terminals are placed.
A limitation of this work is that we still do not know whether
ThirdEye is effective when a local participant uses a larger
PC monitor, in which the remote speaker’s face is
represented as a much bigger image than the one in our
experiment. Therefore, we also wish to test the effect of
ThirdEye with different remote speaker face sizes. Another
limitation is that our experimental remote speaker was a
recorded confederate. Furthermore, we only tested the case
where the gaze cue was supported, not other gestural cues.
Therefore, our future work will investigate the effects of a
combination of ThirdEye and gestural cues in a more
naturalistic live conversation. In addition, because our
participants were recruited from the local university and
were all males who were majoring in engineering, it is
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possible that the results are biased. Our future work should
investigate the effect of participants’ gender and background
knowledge on the conclusions drawn in this paper.
CONCLUSION

The purpose of our study was to support gaze cue in remote
collaborative physical tasks, especially when participants use
mobile terminals for video communication. ThirdEye is a
simple add-on display that represents a remote participant's
gaze direction; it was expected to be suitable for our purpose.
Therefore, this study focused on investigating the effect of
ThirdEye on leading an observer’s gaze. We assumed a case
in which ThirdEye is used in combination with normal video
communication software that shows the actual face image of
a remote participant. Thus, we conducted a simple video
communication experiment and compared the cases of “with
ThirdEye” and “without ThirdEye.” The results show that
ThirdEye was effective in leading the participants’ gaze
faster to target objects, even when ThirdEye and the remote
participant's face were presented together. Furthermore, the
objective measures suggest that ThirdEye was cognitively
effective.
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