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ABSTRACT
A long-standing  challenge in  video-mediated
communication systems is to represent a remote

participant’s gaze direction in local environments correctly.
To address this issue, we developed ThirdEye, an add-on
eye-display for a video communication system. This display
is made from an artificial ulexite (TV rock) that is cut into a
hemispherical shape, enabling light from the bottom surface
to be projected onto the hemisphere surface. By drawing an
appropriate ellipse on an LCD and placing ThirdEye over it,
this system simulates an eyeball. Our experiment proved
that an observer could perceive a remote Looker's gaze
direction more precisely when the gaze was presented using
ThirdEye compared to the case in which the gaze was
presented using the Looker's face on a flat display.
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INTRODUCTION

Gaze awareness, i.c., "the ability to monitor the direction of
a partner’s gaze and thus his/her focus of attention" [12], is
an important factor in human communication [8, 11, 15].
For example, eye contact plays a critical role during turn
taking in a multiparty conversation [22], and eye-gaze
toward an object is one of the main cues for achieving joint
attention [18]. However, in video communication, a remote
participant’s gaze direction cannot be represented properly
on a display especially when his/her face is viewed from
oblique angles; this is common when there are multiple
participants in a local environment and some of them have
to view the display from oblique angles. A typical
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Figure 1. ThirdEye (left) and its use case (right).

phenomenon, known as the Mona Lisa effect [4], is one in
which the eyes in a portrait appear to follow the observers
as they move. This phenomenon has been noted to
undermine turn taking and joint attention significantly [9].

To address this problem, various telepresence robots that
act as the remote participant’s surrogate have been
proposed [1, 14]. Typically, these robots have movable flat
displays that show the remote participant’s face. In spite of
the expectation that the orientation of the display will
indicate the remote participant’s gaze direction, previous
studies determined that a rotatable display inevitably results
in the Mona Lisa effect and an observer still has difficulty
in perceiving the remote participant’s gaze direction
properly [13, 21].

Delaunay and Misawa proposed systems that use a 3D face-
shaped screen with a 3D motion platform [3, 17].
Theoretically, such screens effectively reduce the Mona
Lisa effect. However, because each screen needs to match a
remote participant’s face, general versatility of these
systems is limited. A simpler approach is to attach a motor-
operated eye [20] to a video conferencing system. However,
adding extra actuators makes the system more complex.

Using eye tracking technology, some studies directly
overlay gaze representation over a target object; e.g.,
Higuchi et al. proposed to use a video projector or a head
mounted display (HMD) [10]. However, using a projector is
not suitable when the target is not placed on a flat
projectable surface and a HMD is a burden on a user.

We propose “ThirdEye,” which is an eye display that
mimics a human eyeball (Figure 1 left) and serves as an
add-on to a video communication system (Figure 1 right).
We propose to use ThirdEye to represent a remote
participant’s gaze direction toward a target in a local
environment such as for local participants or other physical
objects. We chose eyeball representation because we think



Improving Video Communication

that it is the most intuitive method that can represent a
remote participant’s gaze direction. We assume that this
method may increase the local participants’ perception of
gaze direction in video communication. Brockmeyer et al.
also created an eye display using 3D printed light pipes and
used it as interactive characters’ eyes [2]. However, they
have not tested its accuracy for representing the character's
gaze direction. This paper describes the development of
ThirdEye and the evaluation of its accuracy for representing
a remote participant’s gaze direction.

IMPLEMENTATION

ThirdEye was made by cutting commercially available
artificial Ulexite into a hemispherical shape. Ulexite can
project an image from its bottom surface to an opposite
surface. As a result, the image appears to float on the
spherical surface. Consequently, if a moving eye is
displayed on a flat LCD and the hemisphere is placed on
the LCD, the eyeball appears to rotate and look around the
surrounding area.

The average diameters of a human eyeball and iris are 24
and 12 mm, respectively [5]; our hemispherical display and
its iris were made to match these sizes. The shape of the iris
displayed on the LCD is decided such that it becomes a
perfect circle when it appears on the surface of the
hemisphere. 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.
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 in-
camera of the mobile terminal at a local site captures an
image of the local environment; this image is displayed at
the remote site. As a remote participant looks at an object in
the image, an eye tracker measures his/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 the ThirdEye is placed closed to the in-
camera, its gaze direction can be calculated by considering
the field-of-view of the in-camera.

EXPERIMENT

We conducted an experiment to investigate how a local
participant perceives a remote participant’s (Looker’s) gaze
direction in the vertical plane (task 1) and horizontal plane
(task 2). In both tasks, an experimenter played the Looker’s
role.

Experimental design

For both tasks, we tested three types of gaze presentations
and two observation directions (front and oblique). The
three types of gaze presentations are:

(a) Face-to-face (F2F): The actual Looker looked at the
designated targets (Figure 3 (a)).
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(b) ThirdEye (TE): ThirdEye, focusing on the designated
targets, was presented to the participant by attaching a
hemispherical display to a 17°” flat display (Figure 3
(b)). The Looker’s face was not presented on the
display.

(c) Flat display (FLT): A 17-inch flat display showed
prerecorded still images of the Looker focusing on the
designated targets in the same environment as that in
F2F. The face image had the same size as the actual
face (Figure 3 (c)). This condition simulates traditional
video-mediated communication systems.

Our hypothesis is that compared to flat display conditions,
ThirdEye is effective in alleviating the Mona Lisa effect,
i.e., participants estimate the target position more precisely
in TE than in FLT condition, especially in oblique
conditions.

Experimental setup

As shown in Figure 4, a participant sat facing a Looker (i.e.,
an actual human, ThirdEye, or a face on the flat display) at
a distance of 80 cm. For the front condition, the participant
sat straight in front of the Looker. For the oblique
condition, the participant sat at an offset of 20° in the
clockwise direction from the front condition. The height of
the participant’s eyes was adjusted to match the height of
the Looker’s eyes. We asked the participant not to move
his/her head too much. However, we did not use a chin-rest
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Figure 2. Typical system configuration using ThirdEye
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Figure 4. Experimental setup. (a) Observation direction
conditions; (b) experimental apparatus.
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Figure 5. Average of |ev,| and |ev,| in task 1.

because we thought that it was unnatural to fix the position
of the participant’s head [11]. In the F2F and FLT
conditions also, the Looker did not fix the position of her
face but tried not to move her head to a great extent.

Figure 4 (b) shows the apparatus used for the two tasks. In
task 1, we vertically placed a transparent touch panel
(Awesome Electronic, ATP-2150) in the middle of the
display and the participant. The height of the touch panel
was configured such that its center matched the height of
the Looker’s eyes. In task 2, we horizontally placed a
graphic tablet (WACOM Intuos 4 Extra large) on the desk
(the surface of the tablet was 45 c¢cm below the Looker’s
eyes). The center of the panel was in the middle of the
display and the participant. The two tasks were conducted
separately, and the touch panel and tablet were not placed
simultaneously.

Procedure

For each condition, we asked the participant to observe the
stimuli (i.e., Looker gazing at a target), estimate the
position of the gaze target either on the vertical touch panel
(task 1) or on the horizontal tablet (task 2), and indicate the
estimation by touching the position with a stylus pen (in
both tasks). The touched positions were automatically
logged in the system. We did not set a time limit;
nonetheless, the participant was asked to respond
reasonably fast.

In the FLT and TE conditions, the display image was blank
for 3 seconds to eliminate any effect of the previous
stimulus. In the F2F condition, the participant was asked to
close his/her eyes between the stimuli to avoid observing
the Looker’s eye movement while the target was changed.

The targets were aligned in a grid at intervals of 10 cm, five
grid points in the x-direction and three grid points in the y-
(for task 2) or z-directions (for task 1), for a total of 15
points. For each gaze presentation condition, all 15 targets
were presented twice in a random order (30 targets for each
condition). Using optical filters, it was ensured that these
points were not visible to the participant, and we confirmed
that all participants could not guess that the target points
were regularly arranged in a post experiment interview.

For each task, the participants undertook six sessions (three
gaze presentation conditions x two observation directions).
To become familiar with the system, each participant had a
practice session before each session. To eliminate the order
effect, the orders of the three gaze presentation conditions,
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Figure 6.Average |eh,| and |ehy| in task 2.

two observation direction conditions, and two tasks were
counter balanced.

A total of 12 university students (12 males of age 22-25
years) with normal or corrected-to-normal visual acuity
participated in both tasks.

RESULTS

We separated the error vectors (vectors from the Looker’s
target position to the participant’s estimated position) into
(ev,, ev,) for task 1, and (ehx, ehy) for task 2, because we
expected that the Mona Lisa effect affects mainly on x-
component. Here, ev, and ev, denote the x-component and
z-component of the error vectors, respectively, in the
vertical plane. Similarly, eh, and eh, denote the x-
component and y-component of the error vectors,
respectively, in the horizontal plane. We analyzed the size
of ev,, ev,, eh,, and eh, components (i.e., levy|, |ev,|,
leh,|, and |ehy|) of the error vectors by two-way factorial
repeated-measures ANOVA (three gaze presentations and
two observation directions). The error bars in the following
graphs show standard deviations.

In task 1 (vertical plane), Figure 5 shows the average of
lev,| and |ev,|. For |ev,|, we did not observe any
significant difference for the conditions. For |ev,]|, there
was a significant main effect for both gaze presentation
(F(2, 22) = 9.4, p < 0.01) and observation direction (F(1,
11) = 21.3, p < 0.001) and their interaction was significant
(F(2, 22) = 9.2, p < 0.01). A simple main effect test
between two observation direction conditions at each gaze
presentation condition revealed that in the FLT condition,
|ev,| was significantly larger for the oblique condition than
for the front condition (p < 0.001). For the other conditions,
a simple main effect test showed no significant differences.
A simple main effect test between the three conditions for
each observation direction condition revealed that for |ev,],
there was significant difference for the oblique condition (p
< 0.001). Tukey’s post-hoc test revealed that |ev,| for the
FLT condition was significantly larger than that for TE and
F2F conditions (p < 0.001); however, no significant
difference was observed between TE and F2F conditions.

For task 2 (horizontal plane), Figure 6 shows the average of
leh,| and |eh,|. For the average of |eh,|, there was a
significant main effect for only the observation direction
(F(1, 11) = 10.5, p < 0.01). Furthermore, the interaction of
gaze presentation and observation direction was significant
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(F(2, 22) = 5.7, p < 0.05). A simple main effect test
between two observation direction conditions at each gaze
presentation condition revealed that for the FLT condition,
leh, | was significantly larger for the oblique condition than
that for the front condition (p < 0.001). Furthermore, a
simple main effect test between the three conditions for
each observation direction condition revealed that for |eh,|
in the oblique condition, there was significant difference
between the gaze presentation conditions (p < 0.01). In the
oblique condition, Tukey’s post-hoc test revealed that |eh,|
for the FLT conditions was significantly larger than that for
the TE and F2F conditions (p < 0.001); however, there was
no significant difference between the TE and F2F
conditions. |ehy| showed a significant main effect for only
gaze presentation (F(2, 22) =40.0, p <0.001), but there was
no significant interaction between the gaze presentation and
observation direction. A post-hoc test (Bonferroni
correction) for the three gaze presentation conditions
revealed that there were significant differences between
them (FLT vs TE: p <0.001; FLT vs F2F: p <0.001; TE vs
F2F: p <0.05).

DISCUSSION

The result shows that the error was greatest when the flat
display was observed from an oblique angle; however,
ThirdEye could reduce the error size. To understand how
the estimations were shifted from the target, we calculated
the averages of ev, and eh, for the oblique condition.
Results showed that ev, was -7.0 cm for FLT, 1.8 cm for
TE, and -2.6 cm for F2F conditions; eh, was -7.6 cm for
FLT, 2.1 cm for TE, and -3.1 cm for F2F conditions. These
results clearly indicate that the FLT was inevitably affected
by the Mona Lisa effect, but TE was not.

To better understand the characteristics of the errors for the
horizontal plane, we drew a bubble graph that depicts the
average end points of the error vectors of each target for the
front condition (Figure 7). The width and height of each
ellipse indicates standard deviations of error vectors.
Interestingly, as shown by the blue circles in the graph, the
Looker's gazes in the FLT condition were estimated to be
much closer to the Looker compared to the TE and F2F
conditions. We assume that the three-dimensional cues that
were lost in the FLT condition significantly degraded the
estimation accuracy. In fact, three participants mentioned
that ThirdEye was better for estimating the target position
than the flat display because ThirdEye is three-dimensional.

‘ F2F ©TE ®FLT .Target‘ 2
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Figure 7. End point of error vectors for front condition for
horizontal plane (width and height of each ellipse indicates
standard deviation of error vectors).
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In the FLT condition, the Looker’s face was captured when
he/she was focusing on designated targets in the same
environment as that in the F2F condition. However, in
actual video communication, the remote Looker’s gaze
direction in the FLT condition is determined by a
combination of the field-of-view and position of the local
camera, size of remote Looker’s display, distance between
the remote Looker and the remote display, and the relative
position of the remote camera in relation to the remote
display. Thus, the Looker’s gaze direction as estimated
from the Looker's face in the local display is normally
inconsistent with the Looker’s actual gaze target. In this
experiment, we assumed the best case for flat display.
Therefore, we can expect that ThirdEye will afford more
advantages than indicated by our experiment.

Our study has some limitations. As shown in Figure 6,
|ehy| for the TE condition was significantly larger than that
for the F2F condition. The errors of ThirdEye (Figure 7,
green circles) indicate that the Looker's gaze tended to be
estimated closer to the Looker as the targets got further
from the Looker. In the post-experiment interview, four
participants mentioned that, in the F2F condition, they used
the directions of the Looker’s face or a nose as cues for the
estimation. The absence of such cues may be one of the
reasons why ThirdEye was still inferior to face-to-face
presentation. However, similar to Mayers' method [16], we
expect that this limitation can be alleviated by calibrating
ThirdEye’s pupil position so as to orient it a little more in
the outward direction than the calculated position.

Another limitation is that we have still not tested the effect
of ThirdEye under the expected typical system
configuration (Figure 2). When ThirdEye and the Looker’s
face coexist in a display, it is possible that an observer tends
to pay more attention to the Looker’s face than the
ThirdEye. Further study is required to determine the
appropriate face size in a display for ThirdEye to be most
effective.

CONCLUSION

To alleviate the problem of inaccurate gaze awareness in a
video mediated communication system, we developed
ThirdEye, an add-on eye display that represents a remote
participant’s gaze direction. Our experiment proved that
ThirdEye eliminates the Mona Lisa effect and improves the
gaze estimation accuracy compared to the case in which the
remote participant’s face is shown on a flat display.

We expect that ThirdEye will be most effective when the
participants need to refer to objects in a remote
environment during remote collaboration [6, 7, 19]. In
addition, since ThirdEye is quite responsive to quick eye
movements, correctly mediating quick glances of a remote
participant may improve video communication. Thus, in
future work, we will develop the system shown in Figure 2
and investigate whether it is really effective for such tasks.
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