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ABSTRACT

In this study, we explore the effectiveness of the interpersonal distance between a
virtual agent using a display that can be viewed stereoscopically without using any
wearable devices, and participants. The uses of on-screen agents are expanding,
and their role as an interface has been attracting particular attention. However, there
is still a lack of knowledge about how their display method affects interpersonal
interactions. 15 participants were hired and asked to take part in an experiment. The
participants were given two conditions: 3D condition (stereoscopic display enabled)
and 2D condition (stereoscopic display disabled). The participants were asked to pass
the agent in a simulated corridor, and minimum approach distance during the task
was measured. The results showed that people tended to keep a greater distance from
the 3D displayed agent than 2D displayed agent. This suggests that a sense of visual
realism may encourage people to maintain a more natural interpersonal distance. On
the other hand, subjective evaluation showed no significant differences in discomfort
or likability between the conditions. This result suggests that the visual representation
of the agent does not directly affect interaction satisfaction. The results of this research
contribute to a development of technology to improve the quality of interpersonal
communication.
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INTRODUCTION

There are studies displaying 3D models with human-like bodies on computer
or smartphone screens, or on large displays installed in public facilities,
allowing observers to see the virtual body agents (on-screen agents) and
communicate with them comfortably (Hedayati et al., 2020; Komatsu
et al., 2009, 2010). On-screen agents have an advantage of being able
to virtually express physical movements and facial expressions, reducing
the risk of conflict and harm associated with human-like embodied social
communication robots. On-screen agents are also easy to set up, requiring
only a display and a computer to control the 3D model and output it to
displays. Furthermore, compared to developing a communication robot with
a physical body, there are fewer control items and parts, making on-screen
agents cheaper and quicker to develop.
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However, it has been suggested that people may not be able to maintain an
appropriate interpersonal distance when interacting with on-screen agents.
For humans to communicate comfortably, it is necessary to maintain
an appropriate interpersonal distance depending on the relationship with
persons. In the case of physically embodied communication robots, it
has been shown that people feel uncomfortable, look away, and distance
themselves when the interpersonal distance expressed by Hall (Edward,
1996) is not appropriate (Mumm et al., 2011). Interpersonal distance is
a potentially important factor influencing interaction quality due to agent
presence, but empirical research on it is limited.

To address these limitations, some studies have explored the use of
stereoscopic displays, which can provide a sense of depth and presence. For
example, previous research has shown that humans maintain appropriate
interpersonal distance when engaging in communication tasks with agents on
a 3D display (Minegishi et al., 2020). However, this work primarily focused
on static, communicative tasks and did not investigate whether these effects
hold in dynamic, pre-interaction scenarios, such as walking past an agent in
a hallway.

This study directly addresses this research gap. We investigate how a
naked-eye stereoscopic display influences interpersonal distance, and feelings
of discomfort and likeability during a corridor passing task. By comparing a
3D display condition with a 2D display and an “off” condition, we aim to
understand if the enhanced visual presence of stereoscopic displays can bring
human spatial behavior closer to real-world social norms. The findings of
this research will contribute to the design of more natural and comfortable
human-agent interactions, particularly for applications in virtual and mixed
reality environments.

RELATED WORK

A common challenge in human-agent interaction is managing appropriate
interpersonal distance, which varies depending on the agent’s form and
display method. Some studies have investigated how the displayed size of an
on-screen agent affects human proxemics. Aramaki et al. (2013) investigated
the relationship between the size of an agent displayed in augmented reality
(AR) and the distance a person maintains. It was shown that the larger an
agent appears, the more people want to distance themselves from the agent.
Jones et al. (2020) demonstrated that by projecting an agent operated by
a remote participant onto a telepresence robot, it is possible to give the
remote participant a sense of presence similar to that of a person actually
present at the meeting. However, these studies do not fully clarify how the
relationship or visual realism of an on-screen agent influences spontaneous
spatial behavior. For example, regarding the interpersonal distance between
on-screen agents using human-like 3D models and humans, studies by
Hedayati et al. (2020) and Wachsmuth et al. (1997) suggest that on-screen
agents’ virtual bodies affect the distance between the agents and humans, and
that Hall’s interpersonal distance may not apply to on-screen agents.

In contrast to on-screen agents, physically embodied communication
robots present different challenges in managing interpersonal distance. It has
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been shown that it is difficult for people to voluntarily distance themselves
from communication robots that have human-like bodies. In one study that
attempted to manipulate the distance between social robots and humans,
Shiomi et al. (2007) investigated whether a museum guide robot could
manipulate the distance between itself and children. The robot attempted
to manipulate the children’s location by talking to them while they toured
the museum. However, the children were interested in the robot itself, and
the robot was unable to control the distance. In addition, this study did
not consider the interpersonal distance. The research mentioned above also
includes studies using social robots with human-like bodies in real space to
verify whether the distance between humans and robots can be adjusted.
However, it is unclear whether people adjust the interpersonal distance
between themselves, and the 3D on-screen agent placed in real space.

A third area of related work concerns the influence of an agent’s
behavior, particularly its gaze, on human spatial behavior. There are studies
that attempt to adjust the distance between a person and a social robot
based on whether the robot looks at the person. Vázquez et al. (2014,
2017) showed that a robot’s gaze and appearance affect its distance from
humans. In a scenario where participants brainstormed with a robot, it was
shown that participants felt less uncomfortable when the robot was not
looking directly at them, significantly reducing the interpersonal distance.
Admoni et al. (2013) showed that when a robot stares at people for a
long period of time, they perceive the robot as intimidating and unpleasant.
Hoffman et al. (2014) showed that participants felt more comfortable when
a robot was listening to them and looking at them than when the robot was
listening to them and operating a smartphone. It was suggested that when
a robot looks at a person, it affects emotions and distance. However, most
of these studies have examined participants in a stationary state and have
not investigated how an on-screen agent’s visual realism or behavior affects
human spatial behavior during a dynamic task like walking.

In summary, while a number of studies have explored human-agent
interaction, a research gap remains. Few studies have specifically investigated
how display technology, particularly naked-eye stereoscopic displays, affects
interpersonal distance and subjective impressions in a dynamic, pre-
interaction scenario. Our study aims to fill this gap by focusing on how
visual presence influences human spatial behavior in a corridor passing
task.

RESEARCH QUESTIONS

Previous studies on on-screen agents have largely focused on static
communication tasks. We investigate how a stereoscopic display, which
provides a sense of visual presence, affects the maintenance of interpersonal
distance in a dynamic task, such as walking. We therefore set the following
research question:

• RQ1 – How does interacting with an on-screen agent on a stereoscopic
display affect the maintenance of interpersonal distance?
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While display technology and agent design influence human-agent
interaction, their impact on emotional responses during dynamic, non-
communicative tasks is not well understood. We therefore examine how the
display conditions (3D vs. 2D) affect a participant’s subjective discomfort
and likeability toward the agent, and set the following research question:

• RQ2 – How do display conditions (3D / 2D) of the on-screen agent affect
comfort and likeability during dynamic interactions?

METHODOLOGY

To achieve our goal of analyzing human behavior, we developed an on-screen
agent displayed stereoscopically. Additionally, we prepared an environment
that simulated a corridor in a public facility. In the experimental environment,
it is important that participants can move freely and easily see the on-
screen agent. To allow participants to move around freely, we prepared the
environment to be larger than the appropriate interpersonal distance range.
The experimental environment is shown in Figure 1 and Figure 2.

Figure 1: Diagrams of the experimental environment.

To develop an on-screen agent displayed stereoscopically, we used Looking
Glass. This display, developed by Looking Glass Factory, incorporates
lenticular lenses in front of a 4K screen. The image is presented so that
it appears differently to the observer’s left and right eye. This allows the
observer to see in three dimensions with the naked eye. The Looking Glass
has a viewing angle of about 50 degrees and 45 viewpoints. The Looking
Glass has a 15.6-inch display and an aspect ratio of 16:9. The drawback
of stereoscopic displays using lenticular lenses is that the number of pixels
decreases as the number of viewpoints increases. However, displays are
now coming with higher resolutions, in particular Looking Glass uses 4K
(3840x2160 pixel) images to reduce pixel loss. By observing 3D images,
observers can determine the distance in the depth direction and the position
of objects.
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Figure 2: Picture of the experimental environment.

The on-screen agent is controlled by a program we developed using Unity.
Unity is a game engine that excels in manipulating 3D models. A human-like
3D model is loaded into Unity and displayed in the Looking Glass. The size of
the on-screen agent is designed so that the width of the face within the display
area is approximately 160 mm, making it approximately the same size as a
human face when displayed. Depending on the display size, it may be possible
to display the agent small enough to capture the entire face, but it has been
shown that observers tend to move closer to the agent when the agent is
displayed small (Aramaki et al., 2013). Additionally, the 3D model we used
resembles a human face. This is because it has been shown that observers
can estimate an agent’s gaze more accurately when the agent’s face resembles
a human face (Delaunay et al., 2010). We also controlled the agent’s blinks
within a certain period. Tsubota et al. (1993) measured the number of times
people blinked and showed that in an environment with a room temperature
of 22.5◦C and humidity of 40%, a person in a relaxed state blinked 22±9
times per minute. This on-screen agent is controlled to blink 20 times per
minute.

Participants in the experiment were 15 Japanese people (ages 21-28,
mean = 23.22, SD = 1.08). The experiment was approved by the ethical
committee of the author’s affiliation (Senshu University; Approval number:
24-006). The participants were recruited based on their ability to walk
independently. The experiment was conducted with a within-participants
experimental design. The experimental conditions included the stereoscopic
display enabled (3D condition), the stereoscopic display disabled (2D
condition), and the stereoscopic display turned off (OFF condition). The
participants were asked to walk through the experimental environment under
both conditions: 3D and 2D. Before each experiment, the participants were
asked to walk with the OFF condition. The experiment was conducted taking
into account order effects.

We were interested in how the on-screen agent presented on a stereoscopic
display would affect interpersonal distance and comfort compared to the on-
screen agent presented on a regular display. To achieve this, we measured the
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closest distance reached by the participants as they passed in front of the on-
screen agent. The participants were instructed to stand in the initial position
and then walk to the goal line (Figure 1). The participants were instructed to
walk along the partitions, and we measured the shortest distance to the agent
as they walked toward the goal line.

To evaluate participants’ impressions of the on-screen agent, we used the
Discomfort factor from Noguchi et al. (2020), a Japanese translation of the
RoSAS (Carpinella et al., 2017) scale (Scary, Strange, Awkward, Dangerous,
Awful, Aggressive). The participants were asked to rate the discomfort items
on a 6-point Likert scale. We also used the Likeability factor from the
Godspeed scale, which consists of five questions rated on a five-point Likert
scale (Bartneck et al., 2009) (dislike - like, unfriendly - friendly, unkind - kind,
unpleasant - pleasant and awful - nice).

RESULTS

All statistical analyses were conducted using the Wilcoxon signed-rank
nonparametric test with Holm–Bonferroni method, using R (2.4.0).

RQ1 is dedicated to evaluating the distance between the on-screen agent
and the participants. In each condition, we measured the distance from
the agent to the participant when the participant was closest to the agent
while walking. Our results showed a significant difference between 3D
and 2D conditions (3D condition: Mean = 1046.67, SE = 62.96; 2D
condition: Mean = 755.00, SE = 74.33; p <.01). Additionally, there
was a significant difference between the OFF and 3D conditions (OFF
condition: Mean = 403.67, SE = 26.07; 3D condition: Mean = 1046.67,
SE = 62.96; p <.001), and between the OFF and 2D conditions (OFF
condition: Mean = 403.67, SE = 26.07; 2D condition: Mean = 755.00,
SE = 74.33; p <.01) (see Figure 3).

Figure 3: Analysis of the distance between the virtual agent and participants (The error
bar shows Mean +/– SE, *** shows p <.001, and ** shows p <.01).

RQ2 evaluates the discomfort participants feel toward the agent. The
discomfort items rated by the participants at the end of each condition were
analyzed between conditions. There was no significant difference between the
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3D and 2D conditions (3D condition: Mean= 3.36, SE= 0.16; 2D condition:
Mean = 3.18, SE = 0.15; p = .27, n.s.) (see Figure 4 left side).

RQ2 evaluates the likeability participants feel toward the agent. The
likeability items rated by the participants at the end of each condition were
analyzed between conditions. There was no significant difference between the
3D and 2D conditions (3D condition: Mean= 2.51, SE= 0.13; 2D condition:
Mean = 2.48, SE = 0.12; p = .88, n.s.) (see Figure 4 right side).

Figure 4: Analysis of discomfort (left side) and likeability (right side) (The error bar
shows Mean +/– SE).

DISCUSSION

The main result was that there was a significant difference in interpersonal
distance between the 3D and 2D conditions.

Specifically, the participants in the 3D condition moved further away
from the agent than in the 2D condition. In contrast, significant differences
were observed between the OFF and 3D conditions, and between the
OFF and 2D conditions, suggesting that the presence of the agents affects
interpersonal distance. These results suggest that the presence of an agent
via the stereoscopic display can give people a sense of visual presence.
While previous work has shown this effect in static communication tasks
(Minegishi et al., 2020), our study extends this finding to a dynamic,
non-interactive scenario, highlighting that stereoscopic displays can bring
human-agent interactions closer to real-world social norms even before direct
communication begins.

We evaluated the participants’ discomfort and likeability while walking
past the agent displayed on the stereoscopic display. No significant differences
were found between the 3D and 2D conditions. The results suggest that
differences in display type do not affect comfort while walking. Previous
studies have shown that an agent’s gaze displayed on a normal screen can
cause discomfort to participants (Admoni et al., 2013), but we showed that
3D or 2D elements had no significant impact on participants’ comfort and
likeability.

These results suggest that participants’ discomfort and likeability may
be influenced by factors other than differences in 3D or 2D displays. In
particular, while walking, participants’ attention may be diverted from visual
stimuli, reducing the effectiveness of the 3D display.
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Future studies should include more diverse conditions and environmental
settings to examine the effects of additional factors. The small sample size
(N= 15) and the group of Japanese participants may limit the generalizability
of our findings. Interpersonal distance is known to vary across cultures
and gender (Joosse et al., 2014), necessitating future research with larger
and more diverse participant groups. Also, detailed analysis that takes into
account the individual characteristics of the participants is also required,
including their cultural background and personal preferences.

CONCLUSION

This study investigated the effects of a naked-eye stereoscopic display
on interpersonal distance and impressions during a dynamic human-agent
interaction. Our findings reveal two key insights. First, participants
maintained a significantly greater distance from the virtual agent when it
was displayed in 3D compared to 2D, suggesting that enhanced visual realism
encourages human behavior that aligns more closely with real-world social
norms. Second, the display format did not have a significant impact on
participants’ ratings of discomfort or likeability, indicating that emotional
responses during dynamic tasks may be influenced by factors beyond visual
representation.

These results contribute an important step achieving more natural and
comfortable interactions with on-screen agents. The findings are particularly
relevant for the development of human-centered interfaces in emerging fields
like augmented reality (AR) and mixed reality (MR), where designing for
appropriate social space is crucial for user comfort and adoption.

Although this study provides valuable insights, it also has limitations,
including the small and culturally limited group of participants. Future
research should address these limitations by incorporating larger and
more diverse participants to explore cultural and individual differences.
Furthermore, future work should investigate the effects of more complex
agent behaviors (e.g., dynamic eye gaze and gestures) and multimodal
feedback (e.g., audio and haptics) to further enhance the social presence
of virtual agents. By advancing our understanding of these factors, we can
facilitate natural human-agent communication.
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