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Fig. 1. Real-life environments populated with different avatar types. (a) Classroom scene with anime avatars; (b) Gallery scene
with human avatars; (c) Café scene with human and anime avatars; (d) Street scene with human, anime, animal, and item

avatars; (e) Forest scene with animal avatars.

ABSTRACT

Avatars serve as users’ virtual identities and hold a significant role
in shaping the user experience within the realm of Virtual Reality
(VR). The appearance of individual avatars and the perceived self-
congruence within the environment are likely to influence users’
perceived presence in VR. In this paper, we present a study that
investigates four types of avatars in VR: anime, human, animal,
and item. Participants were asked to choose an avatar before en-
tering a virtual environment (classroom, gallery, café, street, and
forest) populated with avatars of different types and to evaluate
their perceived self-congruence within the environment and the
perceived presence. Our study results showed no significant differ-
ence in presence when users use different avatars. However, there
is a correlation between users’ perceived self-congruence and social
presence. We discuss the findings and provide suggestions for the
future use of avatars in VR.
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« Human-centered computing — Empirical studies in HCI;
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1 INTRODUCTION

In recent years, the world of technology has witnessed the rapid
rise of Virtual Reality (VR) and the emergence of the Metaverse.
These two interconnected trends have captured the imagination of
individuals and industries alike, presenting a dynamic landscape
where digital experiences and real-world interactions seamlessly
blend. Central to this evolution are virtual avatars, digital repre-
sentations of users that serve as their presence in the virtual realm
[14, 43]. Avatars have gained remarkable significance, acting as
the conduits through which people engage with this new digital
frontier. Platforms such as Meta Horizon! and VRChat? showcase
the growing importance of virtual avatars in shaping our online
interactions and pushing the boundaries of what is possible in this
exciting era of digital existence. In addition to the VR social and
gaming platforms, online platforms such as Mozilla Hubs?, Spatial*,
and Gather Town® have also become popular in the past few years,
with online meetings, conferences, and other remote events tak-
ing place in virtual environments, all facilitated by avatars. These
platforms offer a versatile way for collaborative gathering and al-
low customizable environments with cartoonized avatars, lifelike
avatars, or pixelated avatars that facilitate users’ interactions and af-
fect their feelings, behavior, and performance [2, 12, 27, 28]. Avatars,
despite their various forms and appearances, play a vital role in
virtual environments, online gaming, and collaborative systems
[6, 9]. Understanding the role of virtual avatars is essential to grasp
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the transformative potential of the Metaverse, as they redefine
how we socialize, work, learn, and play, creating opportunities and
challenges that demand our attention and exploration.

Within the virtual environment, an avatar is closely related to
the sense of presence, namely, the sense of “being there”. Lee [22]
categorized presence into three categories: spatial presence (telep-
resence), social presence, and self-presence. Spatial presence refers
to the subjective experience of being in a mediated environment
or an immersive virtual environment rather than a true physical
environment; social presence refers to the “sense of being with an-
other” [3]; and self-presence refers to someone who can experience
as the actual self-including body, and emotions even though using
the virtual avatar. With the perceived social presence in particular,
someone can feel the presence of another in the same environ-
ment, whether the other is a real person or a human-like artificial
intelligence [7, 31]. Facilitating a high level of presence is closely
related to the design of virtual avatars. In particular, avatar realism
is essential for the development of collaborative virtual environ-
ments in the future. It is one of the main factors that can influence
interpersonal interactions and social presence in VR [37]. The vi-
sual and behavioral realism of avatars fostered by natural facial
expressions, gestures, and body movements were shown to have
effects on social presence [34]. These non-verbal cues embodied in
virtual avatars enable natural and effective communication in VR,
thereby increasing social presence.

Self-congruence occurs when one’s perception of one’s real
self and one’s ideal self are identical. For example, the characters
that players use in video games can create self-congruence with
them, which can influence players’ behavior and perception in the
game world [18]. Similar to video games, avatars in virtual worlds
serve almost the same functions as characters in video games. Self-
congruence in this study refers to how consistent users feel with
their chosen avatars in different environments.

This study is motivated by the various forms of virtual avatars
used in existing social VR platforms, such as human-like, anime,
and non-human avatars (e.g., animals and items). We designed a
controlled experiment to investigate the effects of different types of
avatars in different virtual environments on presence. Five real-life
environments were pre-populated with avatars of various types (see
Fig. 1). Participants were asked to select an avatar before entering
the scene and to rate the self-congruence (i.e., how well their avatars
fit the scene) and presence.

Our study explored the impact of different avatar types on users’
perceived presence and the relationship between self-congruence
and social presence in virtual environments, making the following
four main contributions. First, by systematically evaluating various
avatar types in different virtual environments, the research showed
that the avatar type did not have a significant impact on the per-
ceived sense of presence, and the perceived presence using different
avatars in the same virtual environment did not vary significantly.
Second, the study unveiled the connection between users’ perceived
self-congruence of their avatars in the virtual environment and the
level of social presence experienced. The findings showed a sig-
nificant positive correlation, shedding light on the importance of
aligning users’ perception of avatar characteristics and the situated
environment to foster a greater sense of presence. Third, the re-
search provided valuable insights into user preferences in different
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environments. This information is crucial for developers seeking
to create more appealing and user-centered virtual experiences.
Finally, the study’s inclusion of non-human avatars (animals and
items) opened new avenues for exploration, showing how these
unconventional avatars may contribute to presence and expand
the boundaries of avatar-mediated interactions. Together, these
contributions contribute to a richer understanding of the dynam-
ics between avatars, virtual environments, and the perception of
presence in the evolving landscape of VR and Metaverse research.

2 RELATED WORK
2.1 Avatar Type and Presence in VR

Previous research has shown that the appearance and type of
avatars have an impact on cognition and presence [40]. Steed et
al. [36] argued the necessity of a self-avatar in VR, as it affects
users’ cognitive load. Expanding on this work, Pan and Steed [32]
conducted further studies and found that the cognitive load of a
user is influenced by the type of avatar. Their study had four condi-
tions: no-body avatar, hands-only avatar, full body avatar, and real
person. Each participant took part in one of the four conditions
and completed two cognitive tasks. The results showed that the
memory task performance was significantly better in the full body
condition and the real person condition than in the no-body condi-
tion. However, the hands-only condition did not differ significantly
from the two extremes. This is consistent with recent literature
suggesting that partial body expression can induce the full body
illusion [19].

Heidicker et al. [16] designed an experiment to study the influ-
ence of avatar appearance on social presence. They designed three
avatars with different appearances: an avatar with a full body and
regular predefined idle animations; an avatar with a full body and
allowed one-to-one mapping of user actions to avatar actions; an
avatar with a body consisting of just head and hands and allowed
one-to-one mapping of user actions to avatar actions. They asked
participants in pairs to complete a collaborative task using the
same type of avatar in two different rooms. Their results showed no
significant difference among the three avatars on social presence.
However, an avatar with mapped condition had a higher presence
than that with idle animation, and a full body avatar resulted in
higher co-presence and behavioral interdependence than avatars
with only the head and hands. Avatar appearance in this study
concerned the completeness of human avatars and the behavioral
realism associated with the human avatar. Based on these two
studies, although there were no significant differences between
full-body and half-body avatars in cognitive load, task performance,
and social presence, full-body avatars were selected for this work,
which had shown relatively higher performance in previous studies.

In addition to the comparison between a half-body avatar and
a full-body avatar on cognitive load, task performance, and social
presence, some studies have suggested important aspects of avatars
that affect perceived presence. Freeman et al. [8] conducted a series
of interview studies and found that aesthetics, gender [35], ethnicity,
and age [1] embodied in virtual avatars affect social interactions
in VR. The interviews showed that most participants considered
that avatars were an extension of themselves, so they tended to
use avatars that were similar to their physical selves, which could
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give them a much stronger sense of presence. However, some users
tended to use non-human avatars or non-human features to enrich
their avatar looks. For example, one participant found the use of
rabbit ears and rabbit buck teeth socially beneficial as they could
make them look cute and friendly. The other participant used a blue
bird to represent the self and enjoyed being a completely different
species in VR. Participants also reported the use of creative avatars,
such as using alien-like creatures. For these users, experiencing a
completely different self from real life was one of the main reasons
for engaging in social VR. These are related to users’ sense of virtual
body ownership.

Virtual body ownership refers to the psychological phenomenon
in which a person using VR or a similar immersive technology
starts to perceive and experience an avatar or digital body as their
own [35]. It is a key factor in creating an immersive VR experience,
as it enhances users’ sense of presence and engagement within
the virtual world [4]. Krekhov et al. [20, 21] have studied non-
human avatars such as animal avatars. They found that virtual
body ownership was also applicable to animals and argued that
an illusion of virtual body ownership had a high potential for non-
human avatars. In Krekhov et al’s study, the results showed that
although the mapping was different for each animal, participants
had no problems controlling the body of non-human structures
and performing the tasks. However, it is not clear under what
circumstances users would choose to use this kind of non-human
avatars and whether it affects perceived presence in VR.

Previous works mainly focused on the inclusion of body parts,
such as the head, hands, and the main body, that consist of half-
body avatars or full-body avatars. While half-body avatars are
easier to configure in technical development and have comparable
performance (e.g., [24]), the use of full-body avatars was shown to
have better performances in cognitive tasks and have contributed
to perceived presence in social environments. Additionally, factors
that affect perceived presence, like aesthetics, gender, ethnicity,
and age, were also discussed in previous works. These studies have
focused on the impact of avatar appearances and most of them have
taken the form of human avatars. While some works have explored
the use of non-human avatars in VR, few of them were used as
virtual self-representations in a social environment. In addition, it
is not clear whether users’ perceived presence differs when using
human-like, anime, and non-human avatars.

2.2 Virtual Avatars and Self-Congruence in VR

The selection and creation of avatars is often one of the first tasks
users should do in virtual worlds. Some studies have suggested that
people are more likely to choose avatars that are the same gender
as themselves or have similar characteristics to themselves [30] and
that users are more accepting of avatars that have a similar appear-
ance to the users [41]. Jinsu et al. [33] argued that self-congruence
was formed when users first created or chose their avatars. Their ex-
periments showed that the similarity in appearance between users
and avatars affected purchase intention in the virtual world, which
also influenced their purchase intentions in the real world. Thus,
they suggested that a high level of self-congruence is crucial in VR.
In addition, the visual similarity of an avatar within an environ-
ment together with others also affects the sense of commonality and
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shared identity [11], which sheds light on the environment-related
factors related to perceived self-congruence.

In another study, Unal et al. [38] focused on the congruence of
participants’ avatars (self-images) and studied their relationship
with brand images and purchasing intention. The results showed
that participants created avatars that have different personal char-
acteristics from themselves, which are more free and controllable
and resemble their ideal selves instead of their real selves. Their
study also showed that participants are more attracted to male
avatars than female avatars, regardless of their own gender. These
previous studies have discussed the self-congruence between users
and avatars influenced by different genders and appearances within
the field of psychology as well as consumption and marketing. Re-
searchers analyzed the perceived self-congruence between users
and avatars and evaluated the purchase intention generated by
avatars in the virtual environments. However, how users’ perceived
self-congruence varies in different environments was not systemat-
ically studied in previous works.

In summary, most of the previous studies have focused on dif-
ferent forms of human avatars, such as full-body and half-body
avatars, and different appearances of human avatars, such as dif-
ferent clothes, different genders, etc. Yet, there is a growing body
of applications that allow different avatar types in social VR expe-
riences. The effects of various avatar types on perceived presence
have not been explored in previous work. Also, environments host-
ing virtual avatars are likely to vary, both physically and socially.
Users’ choices of avatars and perceived self-congruence within the
environments have not been systematically studied, which may
yield interesting findings for future design of social VR experiences.
This research aims to address these research gaps.

3 SYSTEM IMPLEMENTATION
3.1 Avatars

We configured four different types of avatars in the system: anime
avatars, human avatars, animal avatars, and item avatars (see Fig. 2).
Before entering the scene, the user can select the avatar by selecting
the avatar’s profile photo through the ray. There were 4 choices for
anime and human avatars (2 females and 2 males) and 2 choices
for animal and item avatars. The animal avatars were Judy and
Nick from Zootopia; the two item avatars were a garbage bin and
a camera. Except for item avatars, all other avatars were humanoid
using the VRIK plugin®. We tested real animal avatars, such as cats
and dogs. However, these animal models cannot be rigged to map
the movements of the head and four limbs. If they are bound, it
will cause deformities in the avatar shape; otherwise, if only the
head position is mapped, the avatars will float in the air. Thus, we
also opted to implement animal avatars in the humanoid type. Item
avatars do not have bones, so they cannot be humanoid. We only
mapped it with the head position and fine-tuned the camera position
to show a natural viewpoint. Avatars as users’ self-representations
in VR will move or turn when users push or turn the joysticks on
the controllers. The triggers of the two controllers were used to
teleport in the virtual environment, and the grips were used to grab
virtual objects.

®http://www.root-motion.com/finalikdox/html/page16.html
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(a) Anime  (b) Human (c) Animal (d) Item

Fig. 2. Four types of avatars implemented in the system.

3.2 Environments

Five virtual environments were implemented in the system: a class-
room, an art gallery, a café, a street, and a forest. As shown in Fig 3,
images of the empty scenes were shown to users when selecting
an avatar. Users could not see the type(s) of avatars in the scene
until they entered it. In all environments, a mirror was placed at the
user’s birth point, allowing users to observe their own appearances.
Pre-populated avatars in each scene have animations, such as stand-
ing, sitting, walking, and chatting. More details about avatars in
each environment are shown in Table 1.

(d) Street

(e) Forest

Fig. 3. Five real-life environments.

3.2.1 Classroom. In the classroom scene, there were only anime
type avatars, with student avatars sitting on chairs and a teacher
avatar standing at a podium.

3.22 Gallery. In the art gallery scene, there were only human
avatars, some of which paced back and forth within the scene while
others were looking at the paintings.

3.2.3 Café. Within the café scene, there were both anime and
human avatars. Some of these avatars were waiting in line to order
food, and some were seated and chatting.

3.24 Street. The street scene included all four types of avatars.
Anime avatars were chatting by the street, human avatars were
walking or forming small groups to have conversations, animal
avatars, both real ones and humanoid ones, were standing and
watching pedestrians, and item avatars like garbage bins were
positioned on the roadside.
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3.25 Forest. The forest scene features an abundance of trees and
grasslands, where leaves and grass sway with the breeze. The scene
was enriched by the inclusion of diverse real animal models such
as horses, cattle, elephants, and rhinoceroses.

3.3 Tasks

Once users selected an avatar for a given environment, they needed
to complete a unique task in the environment.

3.3.1 Classroom. In the classroom scene, users were asked to find
the teacher and complete the prompted task. They needed first to
find the teacher’s location and then walk towards the teacher until
the dialogue prompt box appeared. The teacher would ask the user
to draw a picture on the whiteboard using a marker (see Fig. 4a).
Users needed to use the controller to grab the marker (by pressing
the grab button on the controller) and move to the whiteboard to
complete the drawing tasks.

3.3.2  Gallery. In the gallery scene, users were asked to find the
camera in the scene and take a picture of their favorite artwork. The
camera was near the user’s birth point and could be grabbed in hand.
The camera included a display that showed an image composition,
and the user could take a photo by pressing the trigger button (see
Fig. 4b). When the button was pressed, the camera would flash and
take a photo.

3.3.3 Café. In the café scene, users were asked to act as a cashier
and prepare the drinks for the customer. They needed to talk to
the first person in line, who would ask for two drinks. Users then
needed to turn around, find the two drinks, and grab and place
them on the two glowing circles on the cashier’s table (see Fig. 4c),
where the customer will pick up the order. There were prompts
showing whether the task was performed correctly. The task was
completed when both items were placed correctly.

3.3.4 Street. Within the street scene, users needed to talk to the
avatar next to them. The avatar would ask the user to walk along
the blue arrows on the road and reach the destination (see Fig. 4d).

3.3.5 Forest. Similar to the street scene, in the forest scene, the
user needed to find the butterfly in the air and trigger the dialogue
box. It would lead the user to reach the destination (see Fig. 4e).

< 3

(O

(a) Draw

(d) Street destination (e) Forest destination

Fig. 4. Interaction tasks in each environment.
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Table 1. The type and number of pre-populated avatars in the five virtual environments and the task details.

Environment Anime Human Animal Item Task

Classroom 9 0 0 0 Draw a picture on the blackboard

Gallery 0 7 0 Find the camera and take a picture

Café 5 5 0 0 Serve the correct drinks

Street 6 19 5 1 Follow the arrow and move to the destination
Forest 0 0 9 0 Follow the butterfly and move to the destination

4 RESEARCH DESIGN
4.1 Research Questions and Hypotheses

In this work, we use presence as an inclusive concept that includes
both spatial presence and social presence. Our research aims to
answer two research questions:

RQ1. Do avatar types (anime, human, animal, and item) influence
users’ perceived presence?

RQ2. Is there a correlation between users’ perceived self-congruence
and social presence?

Based on the related work introduced in Section 2, it was indi-
cated that the appearance and type of avatars have an impact on
social presence [8, 16], and the similarity in appearance between
users and avatars was positively correlated with self-congruence
[33]. Thus, the following hypotheses were proposed and tested:

H1. There is a difference in users’ perceived presence when using
different avatars.

H2. There is a correlation between users’ perceived self-congruence
and social presence.

4.2 Controlled Variables: Avatar Type and
Environment

4.2.1 Avatar Type. Human-like avatars, such as realistic human
and anime avatars, have been widely adopted and studied in previ-
ous work. In addition to these two, this research included animal
avatars and item avatars to enrich the avatar types. These avatars
are seen in recent social applications but are not well understood
in the literature.

4.2.2  Environment. We made a total of five virtual environments
available to participants: classroom, art gallery, café, street, and for-
est. The reason for including various environments is to configure
different social environments so that we could evaluate perceived
self-congruence with different choices of avatars. This also allowed
us to understand its relationship with the sense of social presence.

4.3 Measured Variables: Self-Congruence and
Presence

4.3.1 Self-Congruence. Self-congruence refers to the appropriate-
ness or compatibility of an avatar within a given virtual environ-
ment. It encompasses how well the avatar’s appearance, behavior,
and characteristics align with the context and setting of the virtual
world. This was measured by asking the question: How well do you
think the avatar you chose fits the scene?

4.3.2  Presence. We evaluated presence from two established ques-
tionnaires [15, 39] including six dimensions: spatial presence (SP),
overall presence (OP), co-presence (CP), attentional allocation (AA),
perceived message understanding (PMU), and perceived behavioral
interdependence (PBI). The spatial presence question was a clas-
sic measure asking the sense of “being there”; the three degree
questions about overall presence asked users about their overall
feeling in VR, which has been widely used in the VR community.
These were taken from the Slater-Usoh-Steed questionnaire [39].
The remaining four constructs about social presence measures were
adapted from the Networked Minds Social Presence Measure [15].
Specifically, co-presence is characterized by the feeling of being
in the same space with another person. Attentional allocation ad-
dresses the attention the user allocates to and receives from an
avatar. Perceived message understanding is the ability of users to
understand the message from the avatar. Perceived behavioral inter-
dependence refers to the degree to which user behavior affects and
is influenced by the behavior of avatars. Full details are shown in
Table 2. Items were rated on a five-point Likert scale (1 = Strongly
Disagree / Not at all and 5 = Strongly Agree / Very Much).

4.4 Experimental Design

4.4.1 Setup and System Features. The user study took place in a
laboratory environment where the participants had enough space
to use a VR device and complete the experiment tasks. The VR
device used in the experiment is Meta Quest 2 (see Fig. 5), and the
computer was configured with an Intel(R) Core(TM) i9-10900K CPU
and the NVIDIA GeForce RTX 2080 Ti GPU. We used Unity (version
2021.3.8f1c1) to develop the VR system, including the setup of five
virtual environments and the implementation of the interaction
tasks described in Section 3.3 and Table 1.

4.4.2  Experimental Procedure. The study consisted of three parts:
1) briefing, 2) five experimental sessions, and 3) a follow-up inter-
view. At the briefing session, we collected participants’ consent to
ensure that they understood the purpose of the study and agreed
to take part in it. Then, the demographic information of partici-
pants was collected, and tutorials were provided for participants
to familiarize themselves with the devices and controls. The main
study included five experimental sessions, where we followed a
Latin Square Design and asked participants to complete tasks in
the five virtual environments. In each environment, participants
needed to select an avatar they felt like using in the environment
and complete the given task. They were invited to evaluate their
perceived presence after each experimental session. Upon complet-
ing all five sessions, participants were interviewed and asked to
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Fig. 5. A participant in the experiment wearing the Meta
Quest 2 HMD and two hand-held controllers.

Table 2. Presence questionnaire adapted from [15]. Italic
items are reverse-coded.

# Question
SP In the computer-generated world, I had a sense of “being
there”.

OP1 To what extent did you feel you could interact with the
person or people you saw/heard?

OP2 To what extent were there times during the experience
when the virtual environment was the reality for you?

OP3 During the time of your experience, did you often think
to yourself that you were actually in the virtual environ-

ment?
CP1 I noticed other avatars.
CP2 Other avatars’ presence was obvious to me.

CP3 Other avatars caught my attention.

AA1 I was easily distracted from avatars when other things
were going on.

AA2  Iremained focused on avatars throughout our interac-
tion.

AA3  Avatars did not receive my full attention.

PMU1 It was easy to understand avatars.

PMU2  Understanding avatars was difficult.

PBI1 My behavior was often in direct response to avatars’
behavior.

PBI2  Ireciprocated the avatars’ actions.

PBI3 My behavior was closely tied to avatars’ behavior.

talk about their choice of avatars and their corresponding experi-
ence in the five environments. The experience of each scene lasted
about 5 minutes, and the whole experiment lasted 30-40 minutes
for each participant. Participants were instructed that they could
stop the experiment immediately if they felt uncomfortable in the
experiment, such as vertigo, headache, nausea, etc. Yet there was
no such instance. The study was identified as low-risk research and
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has been approved by our university’s Ethics Committee prior to
data collection.

4.5 Participants

Eighteen participants (8 females and 10 males) voluntarily signed
up for the study. Participants were undergraduate and graduate stu-
dents aged between 20 and 25 (M = 22.4,SD = 1.3). We asked par-
ticipants to rate their familiarity with 3D graphics, virtual avatars,
and VR systems on a scale from 1 (Not at all familiar) to 5 (Ex-
tremely familiar). Participants in our sample was moderately fa-
miliarity with 3D graphics (M = 3.44,SD = 0.98), virtual avatar
(M =3.00,SD = 0.84), and VR system (M = 3.28,SD = 1.07). Con-
cerning their prior experience with VR, two participants reported
that they had not used VR before.

5 RESULTS

In this section, we report our findings in response to the research
questions. We adopted non-parametric statistical tests, given that
the questionnaire data were measured on Likert scales. All analyses
were conducted using IBM SPSS Statistics.

5.1 Avatar Types and Presence

Fig. 6 illustrates user responses to subcategories of the presence
questionnaire using different types of avatars. We calculated the
mean value of the perceived presence of the same avatar type in
five environments and conducted a comparative analysis.

5.1.1 Spatial Presence (SP). . A Kruskal-Wallis test showed no sig-
nificant difference in spatial presence between different types of
avatars, y?(3) = 2.012, p = 0.57, with a mean rank spatial presence
of 41.15 for anime avatars, 49.96 for human avatars, 46.73 for animal
avatars and 43.61 for item avatars.

5.1.2  Overall Presence (OP). . A Kruskal-Wallis test showed no
significant difference in overall presence between different types
of avatars, )(2(3) = 2.033,p = 0.566, with a mean rank overall
presence of 46.06 for anime avatars, 49.88 for human avatars, 42.43
for animal avatars and 37.44 for item avatars.

5.1.3 Co-Presence (CP). . A Kruskal-Wallis test showed no signifi-
cant difference in co-presence between different types of avatars,
x2(3) = 3,369, p = 0.338, with a mean rank co-presence of 40.71 for
anime avatars, 50.91 for human avatars, 42.43 for animal avatars
and 52.67 for item avatars.

5.1.4 Attentional Allocation (AA). . A Kruskal-Wallis test showed
no significant difference in attentional allocation between differ-
ent types of avatars, y*(3) = 5.443, p = 0.142, with a mean rank
attentional allocation of 49.79 for anime avatars, 50.32 for human
avatars, 35.64 for animal avatars and 39.83 for item avatars.

5.1.5 Perceived Message Understanding (PMU). . A Kruskal-Wallis
test showed no significant difference in perceived message under-
standing between different types of avatars, y?(3) = 3.171,p =
0.366, with a mean rank perceived message understanding of 45.26
for anime avatars, 46.63 for human avatars, 39.66 for animal avatars
and 57.11 for item avatars.
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Fig. 6. Boxplots and tables showing the detailed results of the presence questionnaire using different avatars. AN = anime, HM
= human, AM = animal, IT = item; SP = spatial presence, OP = overall presence, CP = co-presence, AA = attentional allocation,
PMU = perceived message understanding, PBI = perceived behavioral interdependence.

5.1.6  Perceived Behavioral Interdependence (PBI). A Kruskal-Wallis
test showed no significant difference in perceived behavioral inter-
dependence between different types of avatars, y?(3) = 1.972,p =
0.578, with a mean rank perceived behavioral interdependence of
44.65 for anime avatars, 50.32 for human avatars, 43.77 for animal
avatars and 37.67 for item avatars.

5.1.7  Summary. Since there was no significant difference between
different types of avatars in all subcategories of presence, we con-
clude that there was no significant difference in presence when
using different types of avatars. Hence, H1 is not supported.

5.2 Self-congruence and Social Presence

5.2.1 Effects of Avatar Types on Self-Congruence. Fig. 7 illustrates
the perceived self-congruence using different types of avatars in
the five environments. Kruskal-Wallis tests showed a significant dif-
ference on users’ perceived self-congruence among different types
of avatars in different environments, )(2(3) =11.498,p = 0.009. A
significant difference was found between human avatars (Mean
Rank = 56.88) and item avatars (Mean Rank = 28.11). Within
the gallery scene, there was a significant difference on users’ per-
ceived self-congruence among different types of avatars, y?(3) =
9.522, p = 0.023. A higher level of self-congruence was reported for
the human avatars than for anime avatars.

5.2.2  Effects of Environments on Social Presence. Fig. 8 illustrates
the perceived presence using different types of avatars in the five
environments. We calculated the mean value of the four subcate-
gories of social presence measures and conducted a comparative
analysis. Kruskal-Wallis tests showed no significant difference in
social presence between different types of avatars in classroom

(x?(2) = 2.162, p = 0.339), gallery (x*(3) = 4.456, p = 0.216), café
(x%(2) = 2.169, p = 0.338), street (y%(3) = 2.767, p = 0.429), or for-
est (y?(3) = 2.198, p = 0.532). An overall comparison aggregating
results in the five environments showed no significant difference
in social presence, x%(3) = 2.960,p = 0.398, with a mean rank
presence of 41.65 for anime avatars, 52.43 for human avatars, 42.48
for animal avatars and 44.61 for item avatars.

5.2.3  Effects of Avatar Fit on Self-Congruence and Social Presence.
Given that the environments have pre-populated avatars, we de-
fine a variable Fit, where Fit = 1 when users’ chosen avatar type
was included in the scene (e.g., anime avatar in the classroom),
otherwise Fit = 0 (e.g., anime avatar in the gallery, see Table 1
for more details). Fig. 9 shows the perceived self-congruence and
social presence in relation to avatar choices. A Mann-Whitney test
showed a significant difference on users’ perceived self-congruence
between avatar choices (U = 510, p < 0.001). Avatars that fit the en-
vironment (Mean Rank = 54.69) had a significantly higher level of
perceived self-congruence compared to avatars that did not fit the
environment (Mean Rank = 32.92). In addition, a Mann-Whitney
test showed a significant difference in attentional allocation be-
tween avatars choices (U = 642.5, p = 0.004). Avatars that fit the
environment (Mean Rank = 52.14) had a significantly greater atten-
tional allocation compared to avatars that did not fit the environ-
ment (Mean Rank = 36.41). There was no statistically significant
difference in the other three subcategories of social presence.

5.24 Correlation Analysis. A Spearman’s correlation analysis showed
a statistically significant positive correlation between users’ per-
ceived self-congruence and the overall social presence (r = 0.260, p =
0.013). Specifically, its correlation with co-presence (r = 0.130,p =
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Fig. 8. Boxplots and tables showing the summary results of the social presence questionnaire using different avatars in different
environments. AN = anime, HM = human, AM = animal, IT = item.

0.221) and attentional allocation (r = 0.138,p = 0.194) was in- 0.003) and perceived behavioral interdependence (r = 0.316,p =
significant, but significant correlations were found between self- 0.002). These results show support for H2.
congruence and perceived message understanding (r = 0.314,p =
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Table 3. Frequencies of the chosen avatar types in each envi-
ronment, and users’ perceived self-congruence. Avatar types
included in the environment are highlighted in bold.

Environment Avatar type N  Self-congruence Mean (SD)

Classroom Anime 13 4.08 (0.95)
Classroom Human 2 2(0)
Classroom Animal 0 N/A
Classroom Item 3 3.33 (1.15)
Gallery Anime 4 2.75 (0.98)
Gallery Human 11 4.73 (0.65)
Gallery Animal 4 (N/A)
Gallery Item 2 4(1.41)
Café Anime 3 4.33 (1.15)
Café Human 10 4.7 (0.48)
Café Animal 5 3.8 (1.10)
Café Item 0 N/A
Street Anime 5 3.4 (1.14)
Street Human 2 4.5(0.7)
Street Animal 8 3.25 (1.48)
Street Item 3 3(1)
Forest Anime 6 4(0.89)
Forest Human 3 4.33 (0.58)
Forest Animal 8 4.625 (0.74)
Forest Item 1 2 (N/A)

5.3 User Preferences and Interview Findings

We calculated the frequency of participants’ avatar selections and
labeled their selections as 1 (selected) and 0 (not selected) to analyze
user preferences. Table 3 shows the summary results.
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In the classroom scene, a Friedman test showed a statistically sig-
nificant difference in the choices of avatar types, y?(3) = 22.444, p <
0.001. Pair-wise comparisons showed that user preferences were
significantly higher for anime avatars (Mean Rank = 3.44) than hu-
man avatars (Mean Rank = 2.22), animal avatars (Mean Rank = 2),
and item avatars (Mean Rank = 2.33). Participants preferred anime
avatars and had the highest self-congruence (M = 4.08,SD = 0.95)
using it in the classroom. In the gallery scene, a Friedman test
showed a statistically significant difference in choices of avatar
types, x%(3) = 13.556,p = 0.004. Pair-wise comparisons showed
that user preferences were significantly higher for human avatars
(Mean Rank = 3.22) than animal avatars (Mean Rank = 2.11) and
item avatars (Mean Rank = 2.22). Participants preferred human
avatars and had the highest self-congruence (M = 4.73,SD =
0.65) using it in the gallery. In the café scene, a Friedman test
showed a statistically significant difference in choices of avatar
types, x?(3) = 11.778, p = 0.008. A significant difference was found
between human avatars (Mean Rank = 3.11) and item avatars
(Mean Rank = 2.00). Participants preferred human avatars and had
the highest self-congruence (M = 4,7,SD = 0.48) using it in the
café. There was no statistically significant difference in choices of
avatar types in the scene (y%(3) = 4.667, p = 0.198). Similar results
were found for the forest scene (y2(3) = 6.444, p = 0.092).

Participants’ interview comments were analyzed using Theme-
Based Content Analysis [29]. The results revealed four factors that
may influence their perceived presence and VR experience, includ-
ing virtual object interactions (N=9), movements in VR (N=7), social
interactions with other users (N=4), and visual fidelity (N=2). De-
tailed findings will be discussed in the next section.

6 DISCUSSION

Our observations in the study showed that participants reported an
overall positive experience and a high level of perceived presence
in the VR environments. They acknowledged the feeling of actually
being in the virtual scenes and being the avatar that they chose as
their self-representations. In particular, participants showed sur-
prise and excitement to be an animal and an item, namely forms
that are otherwise impossible in the real world. In this section, we
discuss our findings on the research questions.

6.1 Avatar Type and Presence

In response to RQ1, our results showed no significant effects of
avatar types on perceived presence. Thus, H1 was not supported.
This finding is inconsistent with previous work [8], where signif-
icant differences were found in social presence among different
avatars. However, our results should be interpreted by taking into
account the experimental setting. While previous work mainly
compared different avatar types within a single environment, our
study investigated multiple environments, simulating the actual
use of avatars in the social virtual world. It is likely that the diverse
environments and the avatars within the environments reduced
the direct impact of the avatar type itself. Still, our study simulates
real-life settings, and the findings shed light on the diverse design
space of virtual avatars in VR and the Metaverse.

In addition to the effects of avatar types, participants commented
on other aspects that have influenced their experience in VR during
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the interview, which can be grouped into four themes. The first one
is about virtual object interactions. For example, P5 commented that
“there could be more interactions with the animals (in the forest scene)”
and P16 also expressed a similar feeling, “T wish I could talk to the
butterfly.” Participants also reported on perceived affordances in VR.
For example, P18 commented that “it would be nice if I could save
the picture I took (in the gallery) to an album.” Supporting diverse
virtual object interactions is likely to positively affect users’ sense of
presence. Users also commented on the movements in VR. P15 men-
tioned that ‘T want to have more kinds of movements in VR, such as
Jjumping and flying”, and P14 mentioned that I prefer the rotation of
views to be continuous but not discrete”. As investigated in previous
works [44], locomotion is one of the most important factors affect-
ing VR experience. Finding appropriate locomotion techniques will
contribute to users’ perceived presence. Aside from the techniques,
designers should also consider user characteristics such as height.
For example, P4 mentioned that “somehow I felt I was too short in
the street scene and my feet were nearly under the ground”. This is a
limitation of using full-body avatars without tracking users’ feet.
Aside from the object interactions and movements, participants also
commented on their social interactions. For example, “the experi-
ence will be more realistic if the avatars have voice and I could talk to
them” (P7). Users value behavioral realism and realistic interactions,
which are important criteria for improving social presence in VR
[13, 25]. Future work may consider incorporating large language
models to enrich social interactions, either text or voice dialogues.
Finally, two participants suggested increasing the fidelity of the
environment and avatars. P13 commented that “the 3D models (of
the environment) could be more realistic” and P10 mentioned specif-
ically the fidelity of avatar costumes and suggested including cloth
simulation for the sleeves. Some recent works have been done to
simulate realistic complex costumes, such as the AR try-on system
[10]. These factors (object interactions, movements in VR, social
interactions, and visual fidelity) were found to be closely related to
users’ perceived presence and could implicate the future design of
immersive social VR experiences.

6.2 Self-Congruence and Social Presence

In response to RQ2, we found significant correlations between per-
ceived self-congruence and social presence, which supported H2.
We found that overall, users perceived the highest self-congruence
using human avatars and the least self-congruence using item
avatars. Anime and animal avatars were rated in the middle and
did not vary significantly from the two extremes. Perceived self-
congruence and attentional allocation were found to be significantly
higher when users chose an avatar type that was the same as one of
the pre-populated avatars. In addition, we found that users tended
to choose human avatars (human and anime) over non-human
avatars (animal and item). This finding is in line with Freeman
and Maloney’s findings [8] that users have a high demand to con-
struct self-presentations that closely resemble one’s physical self.
Nevertheless, for those who chose animal and item avatars, their
perceived presence was not significantly worse. This indicates the
feasibility of further incorporating non-human avatars in social
experiences, such as games [20] and social gatherings [9].
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One important takeaway from our study is that the avatar type
alone does not significantly influence perceived presence, but its
similarity with other avatars in the environment is very likely to
influence perceived self-congruence, which was shown to be an
important indicator of perceived social presence. It is particularly
true that if an environment has a consistent type of avatar (such as a
classroom and gallery in our study). The perceived self-congruence
was the highest when using an avatar type consistent with those
in the scene, and using avatars of a different type will negatively
influence the perceived self-congruence and social presence. In
addition, we also observed similar findings as reported in [25] that
users expected a high degree of social interactivity with avatars.

6.3 Limitations and Future Work

Our study has some limitations. First, we provided a limited number
of avatars for participants to choose from, instead of letting them
customize their own avatars. While we considered this option, we
tried to simplify the experimental design and avoid introducing
new variations, given that the key variable we investigated was
avatar type but not avatar appearance. It is also worth noting that
the animal avatars used in our study are humanoid, which differs
from the real animal avatars used in [21] and [20]. Second, users’
interactions in the system were with computer agents via dialogues
but not with real people. It ensures consistent experiment settings
but lacks fidelity in communication. Perhaps the same experiment
can be duplicated in an online communication platform such as VR-
Chat, and investigate if interacting with real avatars yields the same
results. Third, the system only implemented interactions related
to tasks in the environments. Participants suggested additional
features, such as voice chats and dialogues, which are likely to
further improve user experience and social interactions in VR. In
addition, our study allowed users to choose from different avatars,
thus resulting in different sample sizes in conditions. While the
sample sizes for anime (N=31), human (N=28), and animal (N=22)
avatars were reasonable, the sample size for items was relatively
small (N=9). This limitation in the statistical analysis should be
noted. Fourth, previous work on presence has different focuses on
spatial presence and social presence. Aside from the measures we
used, there are other measures of presence (e.g., [3, 17, 23, 26, 42])
and different scales (5-Likert and 7-Likert) were used in previous
work. This may hinder the direct comparability with other works.
A unified measure of presence is needed in future work to facilitate
more meaningful comparisons. Fifth, the equipment used in this
study was limited. We used a standard VR headset and controllers
(Meta Quest 2) without any other motion capture device. Thus,
only the head and hands can be identified and tracked. The walking
was simulated in animations. Future work could consider adopting
motion capture technology, such as inverse kinematics solvers, to
increase fidelity in movements and better map user postures to
the avatar skeletons [5]. Finally, our participants were university
students recruited from a local campus. It is not representative of
the general population, and it is necessary to increase the sample
size and broaden the demographic diversity. As previous work has
shown that animal avatars might be more appealing to children
[21], it would be interesting to expand the work to more diverse
user groups, such as children and the elderly.
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7 CONCLUSION

In this study, an experiment with four avatar types and five vir-
tual environments was conducted to investigate the relationship
between avatar types, perceived self-congruence, and perceived
presence. We did not find significant differences in perceived pres-
ence when using different avatars but found a significant correlation
between users’ perceived level of self-congruence and social pres-
ence. Specifically, our analysis showed that participants perceived
significantly higher levels of self-congruence in environments con-
taining avatars of the same type as their self-representations. More-
over, avatars that fit the environment were able to significantly
increase users’ attentional allocation. In terms of user preference
for avatar choices, our results showed that participants preferred
anime avatars in the classroom, and human avatars in the gallery
and the café scenes. The preferred avatar types are also the main
avatar types in the scene, indicating that users tend to use an avatar
type similar to others’, which is likely to contribute to higher lev-
els of perceived self-congruence and social presence. Finally, we
present our qualitative analysis findings and highlight that virtual
object interactions, movements in VR, social interactions, and vi-
sual fidelity were identified by participants as important factors
that have impacts on perceived presence.
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