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ABSTRACT
In social VR, users can communicate with others through their
avatars, and their appearance can be customized. In communica-
tion using avatars, previous research revealed that avatars with
dissimilar appearances to the user encourage greater self-disclosure
than avatars with similar appearances. This study focused on non-
humanoid animal avatars because they have dissimilar appearances
to users and also have other positive effects (e.g., promoting in-
timacy), so they are expected to promote self-disclosure. In our
previous research, we propose a one-on-one communication sys-
tem in which the user and the interlocutor use animal avatars
in a VR space to investigate the effects of animal avatars on the
users’ self-disclosure. The system converts the users’ movements
acquired by the sensors mounted on the HMD and the controllers
into the movements of the animal avatar and transmits them to the
interlocutor. In this study, we conducted an experiment using the
proposed system to investigate the effect of the avatars’ appearance
on users’ self-disclosure and subjective responses. Experimental
results showed that the proposed system did not promote users’ self-
disclosure, which was expected as an effect of the animal avatars.
However, in the other items, intimacy with the interlocutor and
perceived attractiveness of their own avatars were improved.

CCS CONCEPTS
• Computer systems organization → Embedded systems; Re-
dundancy; Robotics; • Networks→ Network reliability.
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1 INTRODUCTION
The social VR application allows multiple users to interact with
each other through a shared virtual space. In recent years, social
VR has attracted significant research interest as a remote commu-
nication tool and has been used for various purposes [8, 14, 28]. In
social VR, users can communicate with others by expressing their
appearance by customizing an avatar. To support rich communica-
tion through avatars, several studies have investigated the effect of
avatars’ appearance on users’ self-disclosure [16, 26, 34].

Self-disclosure is the process of verbally revealing to others
about oneself [9]. Self-disclosure plays an important role in building
trust, relationships, mental health, and well-being [16]. Previous
studies showed that avatars with dissimilar appearances to the
user encourage greater self-disclosure than avatars with similar
appearances [12, 16]. However, these studies were conducted on
humanoid avatars. The effect of non-humanoid avatars on users’
self-disclosure has not been sufficiently researched. In this study,
we choose animal avatars among these non-humanoid avatars and
investigate the effect of their appearance on users’ self-disclosure.

We chose animal avatars because interaction with animals has
been shown to have a positive effect on humans. For example, it
has been shown that animal-assisted activities (AAA) and animal-
assisted therapy (AAT) have positive psychological effects and so-
cial effects on humans [35]. Furthermore, animal robots and insub-
stantial digital animals have also been shown to have similar effects
to those. [3, 10, 23, 29].

Based on these findings, we expected animal avatars to pro-
mote users’ self-disclosure due to their dissimilar appearance to
the user and their psychological and social effects on users. Fur-
thermore, using animal avatars may have a positive effect on the
users’ subjective responses (e.g., increased interactional enjoyment
and satisfaction). In our previous research [13], we implemented
a one-on-one communication system in which the user and the
interlocutor use animal avatars in a VR space. In this research, we
conducted an experiment to investigate users’ self-disclosure and
subjective responses using the proposed system. We conducted
a one-on-one laboratory experiment in which one side was the
experimenter. We compared the proposed method with humanoid
avatars. To evaluate self-disclosure, we used self-disclosure scores
based on verbal behavior analysis during interaction and subjective
evaluation of own self-disclosure as evaluation items. To evalu-
ate the subjective evaluation, we used impression evaluation of
own avatar and own perception and impression evaluation of the
interlocutor and the interaction itself as evaluation items.
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2 RELATEDWORK
In this section, we first describe self-disclosure in interpersonal be-
havior and explain its function. Next, we describe related research
on the effects of avatar appearance in online communication. Fi-
nally, we describe the effects of animals on humans.

Self-disclosure is the process of verbally revealing personal infor-
mation about oneself, such as thoughts, feelings, and experiences
to others [9]. Its functions include the emotional expression and
the development of relationships [7], and it plays an important role
in building trust, relationships, mental health, and well-being [16].
Factors that influence self-disclosure include the impressions of
attitude, behavior, and appearance of the interlocutor [17]. This
study focuses on users’ self-disclosure in a VR space where avatars’
appearance can be freely customized and aims to investigate the
impact of the appearance of VR avatars on users’ self-disclosure.

Hooi et al. [12] showed that the similarity between avatar and
user appearances is negatively correlated with user self-disclosure.
Ichino et al. [16] showed that avatars with dissimilar appearances to
the user encourage greater self-disclosure than avatars with similar
appearances. Thus, the effects of humanoid avatars’ appearances on
self-disclosure in online communication have been investigated. On
the other hand, studies on the effects of non-humanoid avatars on
self-disclosure are limited and insufficient, for example, those that
investigated only interlocutors using images or videos [10, 21, 32],
or those that investigated only the effects of the avatar’s appear-
ance on anxiety [26]. To address this gap, this study investigates the
effects of the appearance of the user’s own avatar and the interlocu-
tor’s avatar on self-disclosure during interactive communication in
a VR space using non-humanoid avatars.

In this study, we focus on animal avatars among non-humanoid
avatars and investigate the effect of animal avatars on users’ self-
disclosure. We chose animal avatars because previous research
has shown that interactions with animals have a positive effect on
humans. Animal-Assisted Activities (AAA) and Animal-Assisted
Therapy (AAT) have been shown to have psychological effects on
humans who interact with animals, such as promoting relaxation,
intimacy, and emotional expression, and social effects, such as fa-
cilitating interpersonal relationships [35]. Additionally, research
has shown that gazing at a dog releases oxytocin, a hormone that
promotes prosocial behavior [22]. Dizon [11] showed that when
rabbits participate in psychological interviews, interviewees are
more likely to self-disclose. In addition to real animals, interaction
with animal robots has been shown to increase conversation and
smiles, and animated animal characters have been shown to in-
crease enjoyment in simulated interactions [10, 29]. Based on these
findings, we expect that using animal avatars in a VR space can
replicate the positive effects of animals on humans and that animal
avatars may promote self-disclosure among users.

3 PROPOSED SYSTEM
In this section, we describe the proposed system in our previous re-
search [13]. We first describe the design of the proposed system. We
then describe the appearance and movement of the animal avatar.
To verify the effects of animal avatars, we proposed a system that
converts the user’s nonverbal behaviors into appropriate animal
behaviors and transmits them to the interlocutor.

3.1 System Configuration
In our previous research [13], we implemented a one-on-one com-
munication system in which the user and the interlocutor use an-
imal avatars in a VR space (Fig. 1). The system configuration is
shown in Fig2. We used the Meta Quest 2 [19] as the VR headset
and implemented the software by Unity (Version 2021.3.0f1) [31].
To enable remote interaction, we used the Unity asset Photon Pun2
[2] and implemented a voice call function. This system utilizes
sensors mounted on the HMD and controller to capture the user’s
nonverbal information, including head, arm, andmouthmovements.
This information is then mapped onto the corresponding animal
avatar’s movements and transmitted to the interlocutor.

Figure 1: Animal avatars in a one-on-one interaction in a VR
space using the proposed system in our previous research.
The user’s movements are mapped onto the corresponding
animal avatar’s movements and transmitted to each other.

Figure 2: Configuration of the proposed system in our previ-
ous research.

3.2 Appearance and Movement of Animal
Avatars

In this system, we used the Labrador Retriever dog model [6] as the
animal avatar. This is because dogs are one of the typical animals
used in AAA and AAT. The model used in this system was designed
to resemble a real dog in appearance closely. In robot therapy us-
ing animal robots, it is important to evoke the emotions felt when
interacting with animals in order to replicate the positive effects
of animals on humans [30]. This system converts the user’s head,
arm, and mouth movement into the movement of the animal avatar
and transmits them to the interlocutor. This allows the transmis-
sion of nonverbal information, such as nodding and pointing to
the interlocutor in addition to the user’s voice. For head and arm
movement conversion, the Unity asset FinalIK [20], which uses
inverse kinematics, is used to supplement joint movements based
on information acquired from the user’s HMD and controller. Then,
to make the animal avatar’s movement more like a real animal,
we limit the range of motion of the animal avatar’s joint based
on the range of motion of a real dog[5]. For the transformation
of the mouth movement, the user’s voice is acquired through the
microphone on the user’s HMD, and the avatar’s mouth is opened
and closed based on the volume of the user’s voice.
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4 EXPERIMENT
In this study, we conducted an experiment using the proposed
system in our previous research [13] to investigate the effect of
the avatar’s appearance on users’ self-disclosure and subjective
responses. In this section, we describe the hypotheses, conditions,
procedures, participants, evaluation items, and results of this ex-
periment.

4.1 Hypotheses
For the evaluation, we set two hypotheses about the effects of the
proposed system.

• H1. The proposed system promotes self-disclosure.
• H2. The proposed system improves impressions of the in-
terlocutor and the interaction itself.

We considered that the proposed system would promote the
user’s self-disclosure, according to the dissimilar appearance be-
tween the user and the animal avatar and the effects of the animal
on the emotional expression and facilitation of interpersonal re-
lationships of the humans it interacts with (H1). In addition, we
considered that the proposed system would improve impressions of
the interlocutor and the interaction itself, according to the effects
of the animals on the humans, such as the promotion of intimate
feelings, the increase in the enjoyment of interaction, and the pro-
motion of rapport with the interlocutor through gazing at the dog
(H2).

4.2 Conditions
To test the hypothesis, we set the following two experimental con-
ditions.

• C1. animal avatar condition Both the participant and the
interlocutor use the same dog avatar (Fig. 3a).

• C2. human avatar condition Both the participant and the
interlocutor use the same human avatar (Fig. 3b).

In C1 condition, we used the proposed system in this study. In
C2 condition, to avoid differences in the similarity of appearance
between the user and the avatar, we use an avatar model that looks
neutral gender [25]. There are no limitations on the range of motion
of the human avatar’s joint. In both conditions, the experimenter,
who remained anonymous, acted as the participant’s interlocutor to
avoid the effects of the relationship between the participant and the
interlocutor on self-disclosure. To maintain the anonymity of the
experimenter, the experimenter used the voice changer software
iMyFone MagicMic [1] to change his voice to a neutral one. Because
the size of the avatars affects communication [33], we made the
animal and the human avatars about the same size. In addition,
participants could see the appearance of their own arms as avatars
by looking at their hands.

4.3 Procedure
In the experiment, the experimenter first explained the purpose
and content of the study, how to use the system, and conducted a
pre-questionnaire. Next, the participants checked their own avatars
while freely moving their bodies for one minute in front of a virtual
mirror in a VR space using Meta Quest 2. After that, the participants
conducted the experimental task. We adopt the task "to introduce

(a) The animal avatar used in the
animal avatar condition.

(b) The human avatar used in
the human avatar condition.

Figure 3: The two conditions used in this experiment.

oneself to a first-time interlocutor in a VR space" [34]. During the
task, participants faced the interlocutor one-on-one in a VR space
across a desk. First, participants were asked to introduce themselves
freely by their interlocutor. After that, the interlocutor asked them
to give additional information. Finally, the interlocutor introduces
himself. The interlocutor’s self-introductions were selected from
imaginary contents (e.g., hobbies, personality, recent joys, etc.),
which were controlled to include the same amount of "informa-
tion," "thoughts," and "feelings" categories of self-disclosure [7],
and which were not common with the participants. After complet-
ing the task, the experimenter asked the participants to conduct
impression evaluation questionnaires, open-ended questionnaires,
and interviews.

4.4 Participants
The experiment followed a within-subject design. Total of 20 under-
graduate and graduate students (19 males and 1 female, mean age =
23.5 years) participated in the experiment. We recruited the partici-
pants from our laboratory. Prior to the experiment, we conducted
a mental health test (K6: Kessler Psychological Distress Scale), and
all participants scored less than 13, which is considered not having
severe mental illness [24]. Each participant and the interlocutor
were placed in two separate rooms to experiment. They used Meta
Quest 2 HMDs, controllers, and headphones. We also placed PCs in
both rooms for voice calls and voice recordings.

4.5 Evaluation Items
This study used the following four evaluation items to test the
hypotheses.

• Self-disclosure score based on verbal behavior analysis dur-
ing interaction

• Subjective evaluation of own self-disclosure
• Impression evaluation of own avatar and own perception
• Impression evaluation of the interlocutor and the interaction
itself

To test H1, we conducted the evaluation of participants’ self-
disclosure scores based on an analysis of their verbal behavior
during the interaction. We analyzed the data of participants’ voice
recordings during the task.We used the total number of self-disclosure
information from the participants’ self-introduction as the self-
disclosure score. We counted as self-disclosure statements about
themselves, about people related to themselves, and about them-
selves as a member of a group [27]. The author and the collaborator
counted the number of self-disclosures, and the average agreement
rate between them was 85%. The disagreements were discussed
and decided with the collaborator. Additionally, to test H1, we con-
ducted a subjective evaluation of participants’ own self-disclosure
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during the interaction. We used a questionnaire to evaluate partici-
pants’ perception of their own self-disclosure during the interaction
(e.g., "I can speak to interlocutor frankly and candidly."), based on
Lee et al. [18]. A seven-point Likert scale was used to answer the
questionnaire.

To evaluate impressions of participants’ own avatars and own
perceptions, we used a questionnaire to evaluate the attractiveness
of their avatars based on Yee et al. [34] and a questionnaire to eval-
uate their private and public self-awareness based on Joinson [15].
A seven-point Likert scale was used to answer the questionnaire
about the attractiveness of the avatar, and a five-point Likert scale
was used to answer the questionnaire about private and public
self-awareness. We found that a state in which the user’s private
self-awareness is high and the user’s public self-awareness is low
promotes self-disclosure.

To test H2, we conducted the impression evaluation of the in-
terlocutor and the interaction itself. We used a questionnaire to
evaluate intimacy with the interlocutor (e.g., "I developed a sense
of familiarity with the interlocutor."), trust with the interlocutor
(e.g., "The interlocutor is trustworthy."), interactional enjoyment
(e.g., "The conversation with the interlocutor is exciting."), and sat-
isfaction (e.g., "Interacting with the interlocutor was a pleasant and
satisfactory experience.") based on the Lee et al. [18]. We also used a
questionnaire to evaluate co-presence (i.e., "How easy was it for you
to tell how your partner felt ?") based on the bailsenson et al. [4]. A
seven-point Likert scale was used to answer each questionnaire.

4.6 Results
In this section, we describe the results for each evaluation item
of the experiment. For each test, a 𝑝 value of less than 0.05 was
considered statistically significant.

Figure 4: Results of self-disclosure. (a) The result of self-
disclosure scores based on an analysis of verbal behavior. (b)
The result of the subjective evaluation of own self-disclosure.

Figure 4 (a) shows the mean self-disclosure scores of the par-
ticipants in each experimental condition based on the verbal be-
havior analysis during the interaction. Results of the Wilcoxon
signed rank test showed no significant difference between condi-
tions (𝑊 = 61.5, 𝑝 = 0.40). In the subjective evaluation of own
self-disclosure during the interaction, the mean value of the score
of each item for each participant in the questionnaire was used as
the score. Figure 4 (b) shows the mean scores for each experimental
condition. Results of Welch’s t-test showed no significant difference
between conditions (𝑑 𝑓 = 13.22, 𝑝 = 0.36). These results showed

that the use of animal avatars did not significantly promote users’
self-disclosure.

In the impression evaluation of own avatar and own perception,
we used themean value of the score of each item for each participant
in the questionnaire as the score for each scale. We removed the
scale of private self-awareness from the evaluation for insufficient
reliability (𝛼 <0.7) in Cronbach’s 𝛼 . Figure 5 (a) and 5 (b) show a
graph of the mean scores for each experimental condition for each
scale. Results of Welch’s t-test showed a significant difference in
attractiveness of participants’ own avatar (𝑑 𝑓 = 17.51, 𝑝 = 0.011
<0.05). However, there was no significant difference in public self-
awareness (𝑑 𝑓 = 17.85, 𝑝 = 0.93).

In the impression evaluation of the interlocutor and the inter-
action itself, we used the mean value of the score of each item for
each participant in the questionnaire as the score for each scale.
The scale of trust with the interlocutor and copresence were re-
moved from the evaluation for insufficient reliability (𝛼 <0.7) in
Cronbach’s. Figure 6 shows a graph of the mean scores for each
experimental condition for each scale. Results of Welch’s t-test
showed that the intimacy with the interlocutor was significantly
different (𝑑 𝑓 = 14.91, 𝑝 = 0.0031, <0.05). The results showed that
the use of animal avatars significantly promotes intimacy with
the interlocutor. However, there were no significant differences
in interactional enjoyment (𝑑 𝑓 = 14.94, 𝑝 = 0.91) and satisfaction
(𝑑 𝑓 = 17.63, 𝑝 = 0.49).

Figure 5: Result of impression evaluation of own avatar and
own perception. (a) The result of attractiveness of avatar. (b)
The result of public self-awareness.

Figure 6: Results of impression evaluation of the interlocutor
and the interaction itself. (a) The result of intimacy with the
interlocutor. (b) The result of interactional enjoyment. (c)
The result of satisfaction.
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5 DISCUSSION
In this section, we discuss the effect of the proposed system in our
previous research [13] and describe the limitations and the future
work of this study.

5.1 Self-Disclosure
The results for self-disclosure were not significantly different be-
tween conditions. This could be because participants did not care
about the appearance of their own avatars and the limitations of
experimental design. First, the answers of the open-ended ques-
tionnaire revealed that the participants did not care about the ap-
pearance of their own avatars ("I did not feel that I was the avatar
(P8)", "I was not aware of my own appearance during the interac-
tion (P7)", "I forgot that I was the appearance of a dog (P5)"). In
such cases, even though the participants use low similarity avatars,
self-disclosure would not be promoted. These findings suggest that
the system needs to be improved to enhance the user’s perception
of their own avatar’s appearance in future studies.

Second, as a limitation in the experimental design, the partic-
ipants had difficulty for introducing themselves due to a lack of
information about their interlocutor and the interaction situations.
In the open-ended questionnaire, the participants answered, "I was
not certain what to say (P6)" and "I did not know what topic the
interlocutor wanted to talk about. It might have been easier to in-
troduce myself if I had known what the situation was (P9)". These
results suggest that the participants were conservative and negative
in their interaction, and the contents of their self-introductions were
stay general, which may have caused the no significant differences
in self-disclosure between conditions.

In real-world scenarios, such as user interactions in VRChat,
remote classes, business meetings, and counseling sessions, the
interaction situation and information about the other interlocu-
tors are not controlled unlike our experimental design. In such
situations, interaction with other interlocutors would be easier
and developed actively. Therefore evaluation in a more realistic
environment will be necessary in future studies.

5.2 Impression Evaluation of the Interlocutor
and the Interaction Itself

Participants’ intimacy with their interlocutor was significantly im-
proved in the animal avatar condition. All participants in the ani-
mal avatar condition answered, "I like dogs" and "I have interacted
with dogs" in the pre-survey. In the free response questionnaire,
the participants also answered that they felt the animal avatars
were "charming" (P16). These results suggest that the use of animal
avatars may have significantly increased the participants’ intimacy
with their interlocutor due to their positive impressions of dogs
and their experience interacting with dogs.

No significant differences were found in interactional enjoy-
ment and satisfaction between conditions. This may be due to the
limitations of the experimental design in which the interlocutor’s
responses during the interaction were controlled. Specifically, the
interlocutor only performed the hammering and nodding actions
during the interaction and did not ask any questions to the par-
ticipant or respond to the participant’s questions. As a result, it
is possible that there were no differences in the development and

excitement of the interaction in the task, leading to no significant
differences in interactional enjoyment. In the open-ended question-
naire, the participants answered, "I wanted to have more conver-
sations that would allow me to catch up" (P11), "The conversation
was one-sided and there was no room for excitement" (P4), "I felt a
little uncomfortable talking because of the relatively small response
from the partner" (P5), and "I felt a little uncomfortable talking
because of the relatively small response from the partner" (P6). "I
felt a little uncomfortable talking because of the small response
from the interlocutor" (P14). In a more realistic environment, the
response of the interlocutor is not consistent, and interaction is
expected to develop through questions and empathy from the inter-
locutor. In this case, interactional enjoyment and satisfaction may
be influenced.

5.3 Limitations and Future Work
In this study, the user’s perception of their own avatar’s appearance
was found to be insufficient. One design guideline to improve this
problem is to display the user’s own avatar so that it is always visible
during the interaction. This is considered to be effective according
to the following comments: "Because I could not see my avatar, I
was not aware of my avatar and did not feel that I was the avatar"
(P8) and "If my avatar is always visible, like in a video call, I will be
more aware that I have the appearance of a dog" (P5). Improving the
user’s perception of their own avatar’s appearance may promote
self-disclosure due to the dissimilar appearance between the avatar
and their.

In this experimental design, there were many limitations, such as
the lack of information about the interaction situations, the limited
responses from the interlocutor, the short interaction time (approxi-
mately 5 minutes), and the disruption of the participants’ awareness
due to the naturalness of the interlocutor’s voice. To address these
limitations, it is necessary to conduct an additional investigation in
a more realistic environment and evaluate the effects appropriately
in future studies. In a more realistic environment, it is expected
that interaction develops freely without any restrictions on the
interlocutor and the interaction situation, which may influence the
self-disclosure as well as the impression of the interlocutor and the
interaction itself.

This system was limited in transmitting the user’s facial ex-
pressions and gaze. Regarding facial expressions, we obtained the
opinion that "The lack of facial expressions and blinking of the
interlocutor’s avatar made it difficult to read the emotions and
interact" (P1). To address this issue, we will plan to incorporate
blinking and eye gaze, and the method of transmitting the user’s
emotions using animal-specific nonverbal information, such as tail
wagging and ear movement. In addition, it is necessary to improve
the impression of the avatar by using a model with a deformed
appearance as animal avatars and by improving the movements
of them, because we obtained the comment, "The avatars are too
realistic and creepy" (P3). These improvements are expected to pro-
mote self-disclosure and improve impressions of the interlocutor
and the interaction itself.

In this experiment, we measured self-disclosure based solely
on the number of information in the participant’s self-disclosure
to evaluate self-disclosure. However, to conduct a more detailed
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evaluation of self-disclosure, it is necessary to evaluate according
to the category, level, and depth of self-disclosure in future studies.
Furthermore, in this experiment, the interaction was one-sided due
to the limitations of the experimental design. In future studies, it
will be necessary to evaluate the reciprocity of self-disclosure in a
more realistic environment where the interaction is mutual.

In this experiment, the number of participants was limited, and
they were similar in their characteristics. In future studies, it will be
necessary to include a more diverse and larger group of participants.

6 CONCLUSION
Based on the knowledge that similarity in appearance between the
user and avatar can affect self-disclosure and the positive effect
that animals have on the people they interact with, we proposed
a one-to-one communication system in which the user and the
interlocutor use animal avatars to investigate the effect of using
animal avatars on the user’s self-disclosure. The experiment using
the proposed system showed the following results.

• The use of the animal avatar did not significantly promote
users’ self-disclosure.

• The use of the animal avatar significantly increased the user’s
intimacy with the interlocutor.

These results indicate that the animal avatar did have the ex-
pected effect of promoting users’ self-disclosure. For the other items,
intimacy with the interlocutor and attractiveness of their own
avatars were improved, but not for the other items. These results
may be attributed to several factors, including that the participants
did not care about the appearance of their own avatars and the
limitations of the experimental design. We plan to improve the
system and conduct additional experiments in actual environments
in the future study.
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