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Cultural Reflections in Virtual Reality: The Effects of User Ethnicity
in Avatar Matching Experiences on Sense of Embodiment

Tiffany D. Do , Juanita Benjamin , Camille Isabella Protko, and Ryan P. McMahan

Fig. 1: This figure shows how user ethnicity influences self-avatar matching effects and sense of embodiment (SoE). The green circle
represents an avatar that has both ethnicity and gender matched, while the red circle represents an avatar that has neither. Blue circles
represent avatars that have only one factor matched to the user. Asian and Black participants generally had lower SoE and had higher
SoE with avatars that matched their ethnicity.

Abstract—Matching avatar characteristics to a user can impact sense of embodiment (SoE) in VR. However, few studies have
examined how participant demographics may interact with these matching effects. We recruited a diverse and racially balanced
sample of 78 participants to investigate the differences among participant groups when embodying both demographically matched and
unmatched avatars. We found that participant ethnicity emerged as a significant factor, with Asian and Black participants reporting
lower total SoE compared to Hispanic participants. Furthermore, we found that user ethnicity significantly influences ownership
(a subscale of SoE), with Asian and Black participants exhibiting stronger effects of matched avatar ethnicity compared to White
participants. Additionally, Hispanic participants showed no significant differences, suggesting complex dynamics in ethnic-racial identity.
Our results also reveal significant main effects of matched avatar ethnicity and gender on SoE, indicating the importance of considering
these factors in VR experiences. These findings contribute valuable insights into understanding the complex dynamics shaping VR
experiences across different demographic groups.

Index Terms—Virtual reality, sense of embodiment, avatars, diversity.

1 INTRODUCTION

Recent advances in virtual reality (VR) hardware and affordability have
fueled a rapid expansion of the market globally [8]. As the demographic
of VR users evolves, it is essential to understand how diverse users
engage with and perceive the technology, identifying variations among
user groups. However, scholars have noted that this area of work
remains fairly limited. In particular, Peck et al. [52] highlighted the
potential role of race1 and ethnicity in VR assessments and made a call
for action for more in-depth studies of these factors.

An insightful interview study by Freeman and Maloney [17] found
that non-White users may attribute greater significance to their self-
avatar’s skin tone and ethnic facial features. Despite these findings,
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1We use the term race to refer to a “visually distinct social group with a
common ethnicity" [60].

there exists few empirical assessments comparing how diverse racial or
ethnic demographics may differ in VR experiences. Moreover, limited
studies have directly compared multiple racial groups of participants
due to low sample sizes or a lack of diversified recruitment.

The issue of diversity extends to research regarding virtual avatars,
which play an influential role in VR applications due to their prevalence
in social immersive environments [20]. In a recent study, Do et al.
[9] highlighted a critical concern in virtual embodiment research: a
considerable number of VR studies and popular consumer applications
do not permit users to customize their self-avatar’s ethnicity, which are
often depicted as White, regardless of the user’s ethnicity. Moreover,
their findings revealed that not matching a user’s ethnicity and their
embodied avatar’s ethnicity results in a lower sense of embodiment
(SoE), highlighting the potential influence of ethnicity mismatch in VR
applications and research. For example, SoE specifically can influence
perceptions of distance [19], enhance cognitive tasks like object size
estimation [27], and closely tie into one’s sense of spatial presence
within a virtual environment [14].

In this work, we refer to SoE as "the ensemble of sensations that
arise in conjunction with being inside, having, and controlling a body
especially in relation to virtual reality applications" [29]. Moreover,
avatar embodiment is defined as the "condition of owning a virtual body
through consistent sensory information" [45] where "some properties
are processed in the same way as the properties of one’s body" [6].

It is important to note that Do et al. [9] did not analyze differences
between different demographic groups due to a relatively low sam-
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ple size, potentially limiting insights into the results. For example,
embodying a different-ethnicity or different-gender avatar may elicit
varied responses depending on the user’s ethnicity or gender. Thus,
the actual impact of constraining users to characters with predefined
avatars remains unclear, as this effect may vary based on the user’s
characteristics. To address this gap, our study aims to replicate and
extend their work by recruiting a larger and more diverse group of
participants, enabling a nuanced analysis of the impact of user ethnicity
and gender on self-avatar matching effects.

Our study contributes to a more thorough understanding of how user
characteristics interacts with avatar matching effects and how diverse
demographic groups may vary in VR experiences. We have recruited
a large participant group (n=78) and ensured a balanced representa-
tion of four ethnicities and two genders, enabling detailed analyses of
participant demographics. The targeted ethnicities included East or
Southeast Asian (Asian), Black or African American (Black), Hispanic
or Latino (Hispanic), and White participants. Our exploration is cen-
tered on unraveling how participant ethnicity and gender interact with
self-avatar ethnicity-matching and gender-matching effects. To guide
our investigation, we formulated the following research questions:

• RQ1: How does user ethnicity interact with avatar matching
effects, and what variations exist among different ethnic groups?

• RQ2: How does user gender interact with these matching effects,
and what variations exist among men and women?

2 RELATED WORK

In this section, we provide a brief overview of self-avatars, avatar
similarity and dissimilarity effects, and effects of user demographics
on VR experiences.

2.1 Self-Avatars in Virtual Reality
The representation of the body through avatars, or self-avatars, holds
importance for users [77], particularly in immersive technologies like
VR [73]. We define self-avatars as avatars wherein "users are embodied
by a virtual avatar that is co-located with the user’s body" [20], and
embodiment refers to the phenomenon where users "coexist with a
virtual avatar, experiencing it from a first-person perspective" [50]. In
VR, where users cannot see their actual bodies, self-avatars become cru-
cial for interactions within the virtual environment. Gonzalez-Franco
et al. [20] emphasize that avatars are central not only in social VR
interactions but also in non-social contexts.

Embodiment research explores how users perceive and engage with
their self-avatars [71]. Spanlang et al. [71] argue that virtual embod-
iment is a valuable tool, particularly in fields where high ecological
validity is essential, such as neuroscience and psychology. We are
particularly interested in SoE, and it is proposed that SoE is a funda-
mental aspect of self-consciousness, primarily shaped by the processing
of multi-sensory information [62]. This aspect of self-consciousness
can serve various research purposes, including facilitating perspective-
taking abilities [4, 49, 51].

2.2 Effects of Matching Self-Avatar Appearance
The effects of matching or not matching avatar appearance can have
significant implications for users in virtual immersive environments.
Scholars have extensively explored the impact of matching and not
matching self-avatar appearance to users, recognizing avatar appearance
as a crucial factor in inducing SoE [18]. Early studies found that
the degree of similarity between a user’s real and virtual body can
impact VR experiences [25, 27]. Several scholars have looked at how
embodying avatars of different races [2, 3, 28, 34, 53, 65] and genders
[49, 51] can affect actions and biases. However, most of these studies
did not measure SoE, although several studies found that embodying
avatars of a different gender did not impact SoE [9, 33, 49, 51].

Despite the relevance of avatar matching studies, Cheymol et al. [5]
emphasize the scarcity of studies particularly analyzing the degree of
similarity and dissimilarity between avatars and users, arguing that
current research lacks a comprehensive understanding and methodolo-
gies in this area. Additionally, Do et al. [9] provided a comprehensive

overview of studies that investigated matching user characteristics to
their avatar’s, and found that a substantial number of studies require
users to embody White avatars as a condition, regardless of the user’s
ethnicity, which can negatively affect SoE. Of particular relevance to
our work is recent research highlighting the importance of matching an
avatar’s ethnicity to the user’s in VR, which can improve SoE [9] and
self-identity [17]. However, these prior works did not formally evaluate
the effects of ethnicity-matched avatars on different ethnicity groups.
We extend the experimental design of Do et al. [9] while explicitly con-
trolling for participant ethnicity and gender and recruiting a sufficient
sample size.

2.3 Effects of User Demographics on VR Experiences
User demographics can have significant effects on VR experiences in
general, although this area of study is relatively scarce. However, the
importance of researching this area is increasing as VR becomes more
popular worldwide, and scholars have argued for further exploration in
this field [52]. Peck et al. [52] in particular have provided an excellent
review of how participant demographics may differ in VR experiences,
spanning factors such as gender, race or ethnicity, and age [50, 69].

Much work in this area has focused on gender, which appears to
be a significant factor influencing VR experiences, as indicated by a
substantial body of research. In a study on the impact of gender on the
SoE, Scheibler and Rodrigues [66] found that women and men differed
in their SoE based on the point of view, although avatar race was fixed.
Other studies have reported that men tend to exhibit higher levels of
presence in VR compared to women [15, 75]. Similarly, Schwind et
al. [67] noted that women expressed a dislike for male hands and demon-
strated lower levels of presence, while men did not exhibit differences
based on hand genders. Gender differences extend to distinct actions,
as observed in various studies [56, 63, 78, 82]. Peck et al. [54] empha-
sized the underrepresentation of female participants in VR studies and
highlighted a correlation between the proportion of female participants
and simulator sickness. They advocated for increased representation of
female participants in VR research to address potential bias in findings.
Considering these insights, we made efforts to recruit an approximately
equal number of male and female participants, incorporating gender as
a between-subjects factor in our study design and analyses.

Several studies have explored the influence of user ethnicity, race, or
culture on VR experiences. Teoh and Cyril [75] observed that Malay
participants reported higher spatial presence compared to Chinese par-
ticipants. Further investigations into how ethnicity influences actions
in VR have been conducted. Almog et al. [1] found that Arab women
were less likely to look out of a virtual window than non-Arab women,
suggesting that ethnicity or culture can affect the sense of presence. Kit-
son et al. [31] reported that White participants were more likely to turn
their heads in response to simulated heading changes compared to Chi-
nese participants. Similarly, Olson [48] found that participants’ prior
experiences with racial and ethnic socialization influenced their actions
in a VR simulation about racial discrimination. However, research in
this area remains scarce [52], and there have been limited investigations
into how user ethnicity affects SoE. We expand upon these studies
by exploring how participant ethnicity influences avatar matching ef-
fects to gain insights into how users may perceive themselves in social
immersive environments.

2.4 Personalized Avatars
Recent studies, such as those by Kim et al. [30], have demonstrated that
personalized avatars significantly enhance the sense of embodiment
compared to random avatars of the same race and gender. Foundational
work by Waltemate et al. [79] and Salagean et al. [64] showed that
avatars personalized through photogrammetry lead to a stronger sense
of body ownership than generic gender-matched avatars.

However, some studies indicate that avatar realism interacts with
personalization. Jo et al. [26] found participants felt more embodied
in a generic avatar with similar clothing compared to a realistic point-
cloud representation. Dollinger et al. [11] observed that personalized
photorealistic avatars, while increasing the sense of embodiment over
customized and generic avatars, also resulted in higher eeriness and
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Table 1: An overview of VR studies examining demographic disparities among participants. Studies categorized by the demographic aspect under
analysis (e.g., Gender, Ethnicity).

Participant Groups Measures
Gender Ethnicity Other

Freeman and Maloney [17] ✓ ✓ White, non-White Interviews
Kitson et al. [31] ✓ ✓ Chinese, White Actions
Almog et al. [1] ✓ Arab, non-Arab Actions
Martingano et al. [36] ✓ Asian, Black, White Cybersickness
Teoh and Cyril [75] ✓ Chinese, Malay Presence
Scheibler and Rodrigues [66] ✓ SoE
Dirin et al. [7] ✓ Enthusiasm
Phosardl et al. [56] ✓ Actions
Vila et al. [78] ✓ Actions
Zibrek et al. [82] ✓ Actions
Sagnier et al. [63] ✓ Presence, Actions
Schwind et al. [67] ✓ Presence
Grassini and Laumann [21] ✓ Cybersickness
Munafo et al. [46] ✓ Cybersickness
Peck et al. [54] ✓ Cybersickness
Shafer et al. [70] ✓ Cybersickness
Stanney et al. [72] ✓ Cybersickness
Xia et al. [81] ✓ Cognitive performance
Peck and Gonzalez-Franco [50] Age Presence
Serino et al. [69] Age Presence
Plechata et al. [57] Age Memory
Taillade et al. [74] Age Memory
Olson [48] RES Actions
Ours ✓ ✓ Asian, Black, Hispanic, White SoE

reduced body awareness. Despite these findings, many personalization
methods remain currently impractical for consumer applications and
some research environments.

3 METHODS

We conducted a within-subjects 2 (matched or unmatched avatar ethnic-
ity) x 2 (matched or unmatched avatar gender), and between-subjects
(participant ethnicity: Asian, Black, Hispanic, or White) x 2 (partici-
pant gender: male or female) mixed model experiment to assess the
impact of matching or not matching a user’s self-avatar with regards to
their ethnicity and/or gender. See Figure 2 for a depiction of our study
design and factors.

Participants embodied four avatars in a Latin square counterbalanced
order, each characterized by their self-reported ethnicity and gender:
Complete (same ethnicity, same gender), Ethnicity (same ethnicity,
different gender), Gender (different ethnicity, same gender), and None
(different ethnicity, different gender). To mitigate ordering effects by
ethnicity, the counterbalanced order was specific to each participant’s
ethnicity (i.e., Latin square ordering was respective to ethnicity). For
each condition, participants were provided with the option to choose
from three avatars (see Figure 3 for an example).

We utilized avatars sourced from the Virtual Avatar Library for
Inclusion and Diversity (VALID) [10], which offers avatars validated
to be perceived as specific ethnicities and genders. For the “different
gender" avatars, participants embodied an avatar of the opposite gender
(female or male). For the “different ethnicity" avatars, we selected
avatars that were least likely to be perceived as the respective ethnicity,
based on agreement rates from VALID like Do et al. [9]. Consequently,
for the different ethnicity conditions, White and Asian participants
embodied Black avatars, while Black participants embodied White
avatars. Hispanic participants embodied Asian avatars. All avatars
wore a plain gray shirt, black shorts, and white shoes, representing the
“Default" outfits from the VALID library (see Figure 4).

3.1 Research Hypotheses
We had the following hypotheses for our research questions:

H1a: Participants will report higher SoE when avatar ethnicity is
matched in comparison to unmatched ethnicity [9].

H1b: Participants will have no significant differences when avatar
gender is matched or unmatched [9].

H2a: Non-White participants will experience a lower SoE when
embodying a different ethnicity compared to White participants. This
hypothesis is based on previous interview findings suggesting that skin
tone holds particular significance for non-White participants [17].

H2b: No differences are anticipated between men and women con-
cerning avatar matching effects. However, we anticipate that women
will have lower SoE than men [66].

3.2 Dependent Variables

After completing each condition, we administered standardized embod-
iment questionnaires, as detailed below. Additionally, participants were
asked to complete an exit survey after finishing all conditions to collect
qualitative information.

3.2.1 Standardized Embodiment Questionnaire (SEQ)

We used the 2021 Standardized Embodiment Questionnaire (SEQ)
developed by Peck and Gonzalez-Franco [50] to analyze SoE. The SEQ
consists of sixteen 7-point Likert-scale questions. The SEQ produces
a total Embodiment score, along with four subscales: Appearance,
Response, Ownership, and Multi-Sensory.

3.3 Apparatus

Participants utilized an HTC Vive Pro accompanied by three additional
VIVE trackers placed on their feet and lower back. This tracker config-
uration closely aligns with one of the most widely adopted consumer
setups for full-body tracking in applications like VRChat or Dance
Rush [32]. For hand and finger tracking, participants used Valve Index
controllers. All movements were replicated from these devices to the
participants’ avatars through an inverse kinematics API (FinalIK2). The
application was developed using Unity and SteamVR platforms. Partic-
ipants found themselves in a virtual bedroom, positioned approximately
1.5 meters from a virtual mirror.

2http://root-motion.com/
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Fig. 2: Visualization of our study design factors.

Fig. 3: Images of avatars participants were allowed to choose from. For
each condition, they were allowed to choose from three avatars. For
example, a Black female participant would be able to choose from the
three Black female avatars for the Complete condition.

3.4 Procedure
The study consisted of one in-person session that lasted approximately
45 minutes and received approval from an Institutional Review Board
(IRB). Participants first completed an online screener that captured
their demographics, including their ethnicity, gender, education, and
VR experience.

Upon arrival to the lab, participants were assigned to one of four
Latin squares ordering cohorts for counterbalancing the four within-
subject conditions. Subsequently, they were instructed to choose four
characters, each corresponding to one of the experimental conditions,

Fig. 4: A) The apparatus and tracker placement on a participant. Two
trackers are positioned on the feet, and another tracker is placed on the
back. B) Image of the participant’s reflection in the virtual mirror. In this
image, the participant is embodying the Ethnicity condition, where the
avatar matches her ethnicity but not her gender.

using an avatar selection interface displayed on a computer. For exam-
ple, for the "Ethnicity" condition, participants were presented only with
avatars of their matched ethnicity, but not their gender. Participants
were able to choose from three different characters for each condition.
Participants were only given the instructions, “Choose an avatar that
you would use to represent yourself in virtual reality" for each selection.

Following the character selection, participants donned the VR head-
set and controllers. Participants were then assisted in putting on the
VIVE trackers. Upon wearing all equipment, the application initiated
the avatar calibration process, which adjusted the avatar’s features based
on the user’s height. The avatar remained concealed until the calibration
was finalized. Subsequently, participants engaged in a standard embodi-
ment procedure in front of a virtual mirror. This embodiment procedure
was developed by Roth and Latoschik [62] and was adapted by Do et
al. [9] to include additional instructions pertaining to feet and object
interactions. Upon concluding the task within the virtual environment,
participants exited the VR experience and proceeded to complete the
Sense of Embodiment Questionnaire (SEQ) on a computer.

After completing all four conditions, participants participated in a
brief exit interview to allow them to express free response thoughts. In
this exit interview, participants were given the following two questions,
with no follow up questions: 1) “Which avatar(s) did you feel most
embodied by? Why?” 2) “Which avatar(s) did you feel least embodied
by? Why?”

3.5 Collected Data

Alongside our dependent variables, we also collected a set of motion
data for each avatar (e.g., Complete, Ethnicity, Gender, and None)
for each participant. This set of anonymized data includes the local
tracking position (x,y,z) and rotation (Euler angles, quaternions, and
6D representations) of all VR tracked devices (headset, controllers, foot
trackers, and back tracker) every frame at 90Hz. This motion data was
collected to potentially explore how various demographics move in
VR environments for potential future research. Participants were duly
informed about the sharing of their data, encompassing demographics
and motion data, and they provided explicit consent through a signed
consent form. This release of data was formally approved by an IRB.

3.6 Participants

A total of 78 participants were recruited from a university and sur-
rounding areas via listservs and flyers. All participants reported normal
or corrected-to-normal vision. Participant demographics, including
gender, ethnicity, and age, can be found in Table 2.
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Table 2: Demographics of all participants who completed the study,
organized by participant ethnicity. The table includes gender (Female or
Male), age, ownership of a consumer VR system (Yes or No).

Ethnicity Gender Age M(SD) VR Ownership

Asian 10M, 10F 21.90 (3.92) 4Y, 16N
Black 10M, 8F 21.28 (2.56) 4Y, 14N
Hispanic 10M, 10F 20.05 (1.81) 5Y, 15N
White 11M, 9F 21.35 (3.67) 4Y, 16N

3.7 Data Analysis Approach
Following the guidelines provided by [50], we computed the averages
of all subscale questions and the total embodiment score. Subsequently,
we conducted a Shapiro-Wilk test to determine the normality of the
score distributions. Given that this test revealed non-normal distribu-
tions for several measures, we used the Aligned Rank Transform (ART)
method [80] for 2 × 2 × 4 × 2 factorial analysis of variance (ANOVA).
Using this procedure, we tested for interaction effects and main effects
of matched avatar ethnicity (matched or unmatched), matched avatar
gender (matched or unmatched), participant ethnicity (Asian, Black,
Hispanic, and White), and participant gender (male or female). We also
performed post-hoc Aligned Rank Transform Contrast (ART-C) [12]
tests for pairwise comparisons. We used an alpha level of 0.05, and for
post-hoc tests, we used a Holm-Bonferroni adjustment.

4 RESULTS

In this section, we first present the findings related to the total SoE
score. Subsequently, we elaborate on the results concerning the sub-
scales. Table 4 shows the data of all participants, organized by avatar
condition. Table 3 shows measurements of all participants, organized
by participant ethnicity and avatar condition. Participant gender was
not disaggregated since results showed that participant gender was not
a significant factor for any measurement. The results of all statistical
tests can be found in Appendix A.

4.1 Total SoE
No significant interaction effects were found between any of the factors.
However, significant main effects were observed for matched ethnicity
(see Figure 5) and matched gender (see Figure 6), respectively. Partic-
ipants reported a higher SoE when embodying an avatar of the same
ethnicity, F(1,70) = 10.21, p < 0.01,η2 = 0.13, and when embody-
ing an avatar of the same gender F(1,70) = 4.78, p = 0.03,η2 = 0.06.
Thus, H1a was supported, while H1b was not supported, considering
that we found significant differences of matched gender.

Surprisingly, a main effect of participant ethnicity was identified,
F(3,70) = 4.16, p < 0.01,η2 = 0.15 (see Figure 7). Post-hoc tests
indicated that Asian participants had significantly lower SoE scores
than Hispanic participants, t(70) =−2.71, p = 0.04. Similarly, Black
participants had significantly lower SoE scores than Hispanic partici-
pants, t(70) =−2.94, p = 0.02. No other main effects were observed.
Since there were no differences between men and women, H2b was not
supported.

4.2 Subscales
4.2.1 Appearance

We did not find any significant main effects or interaction effects for
the Appearance subscale.

4.2.2 Response

A significant interaction effect was observed between matched avatar
ethnicity and matched avatar gender for the Response subscale,
F(1,70) = 6.04, p = 0.02,η2 = 0.07 (see Figure 8). Post-hoc tests
indicated that the Complete condition had higher Response scores than
all other conditions: the Ethnicity condition, t(70) = 3.01, p = 0.01,
the Gender condition, t(70) = 3.24, p < 0.01, and the None condition,

Fig. 5: Plot of total SoE scores, separated by user-matched avatar eth-
nicity. An asterisk (*) denotes a significant difference between conditions.
Error bars represent +/- 1 standard error.

Fig. 6: Plot of total SoE scores, separated by user-matched avatar gender.
An asterisk (*) denotes a significant difference between conditions. Error
bars represent +/- 1 standard error.

t(70) = 3.11, p = 0.01. No other interaction effects or main effects
were found for this subscale.

4.2.3 Ownership
A single significant interaction effect was observed between matched
avatar ethnicity and participant ethnicity for the Ownership subscale,
F(3,70) = 6.25, p < 0.01,η2 = 0.21. Figure 9 illustrates a plot of
Ownership scores, separated by participant ethnicity.

This interaction effect prompted us to disaggregate data by partici-
pant ethnicity to shed further insights. Upon doing so, we found that
different groups exhibited substantial differences in how their Own-
ership was affected by matching avatar characteristics.As depicted in
Figure 9, Hispanic participants exhibited no significant differences in
Ownership between avatars that matched their ethnicity and avatars
that did not match their ethnicity, F(1,18) = 0.16, p = 0.68,η2 < 0.01.
White participant had significantly higher Ownership scores when
avatars matched their ethnicity, F(1,18) = 5.50, p = 0.02,η2 = 0.23.
However, Asian participants, F(1,18) = 17.37, p < 0.01,η2 = 0.49,
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Table 3: Mean and standard deviation measurements of all participants, organized by participant ethnicity and avatar condition. Participant gender
was not disaggregated since results showed that participant gender was not a significant factor for any measurement.

SoE Appear. Response Ownership Multi-S. SoE Appear. Response Ownership Multi.S
Asian participants (n=20) Black participants (n=18)

Complete 3.06 (1.01) 2.75 (1.15) 2.54 (1.04) 3.47 (1.22) 3.46 (1.00) Complete 3.10 (0.96) 2.94 (1.18) 2.52 (1.17) 3.67 (0.75) 3.26 (1.01)
Ethnicity 2.92 (1.00) 2.71 (1.29) 2.29 (1.11) 3.24 (1.04) 3.45 (1.00) Ethnicity 2.85 (0.81) 2.71 (1.12) 2.17 (1.04) 3.29 (0.57) 3.22 (0.79)
Gender 2.81 (1.04) 2.62 (1.14) 2.32 (1.10) 2.89 (1.05) 3.41 (1.21) Gender 2.61 (0.96) 2.64 (1.23) 2.08 (1.00) 2.81 (0.85) 2.90 (1.06)
None 2.69 (1.18) 2.52 (1.30) 2.28 (1.30) 2.81 (1.17) 3.14 (1.21) None 2.54 (0.96) 2.57 (1.15) 2.07 (1.12) 2.63 (0.91) 2.90 (1.03)

Hispanic participants (n=20) White participants (n=20)
Complete 3.69 (1.35) 3.53 (1.64) 3.26 (1.44) 3.94 (1.16) 4.05 (1.41) Complete 3.45 (0.76) 3.10 (0.97) 2.77 (0.80) 3.90 (0.84) 4.04 (1.01)
Ethnicity 3.61 (1.09) 3.62 (1.40) 3.15 (1.27) 3.65 (0.93) 4.01 (1.10) Ethnicity 3.15 (0.78) 2.95 (0.91) 2.44 (0.80) 3.40 (0.85) 3.81 (1.03)
Gender 3.68 (1.15) 3.69 (1.43) 3.12 (1.29) 3.91 (1.04) 4.11 (1.16) Gender 3.15 (0.74) 2.97 (0.92) 2.44 (0.89) 3.29 (0.67) 3.91 (1.04)
None 3.71 (1.37) 3.69 (1.71) 3.32 (1.52) 3.64 (1.28) 4.19 (1.33) None 3.28 (0.64) 3.13 (0.71) 2.49 (0.70) 3.39 (0.73) 4.09 (1.03)

Table 4: Mean and standard deviation measurements of all participants,
organized by avatar condition

SoE Appear. Response Ownership Multi-S

Complete 3.33 (1.06) 3.08 (1.27) 2.78 (1.16) 3.74 (1.02) 3.72 (1.16)
Ethnicity 3.14 (0.96) 3.00 (1.23) 2.52 (1.12) 3.40 (0.87) 3.63 (1.02)
Gender 3.07 (1.05) 2.96 (1.24) 2.50 (1.13) 3.23 (1.00) 3.60 (1.19)
None 3.07 (1.15) 2.99 (1.34) 2.55 (1.27) 3.13 (1.11) 3.60 (1.27)

Fig. 7: Plot of total SoE scores, separated by participant ethnicity. An
asterisk (*) denotes a significant difference between groups. Error bars
represent +/- 1 standard error.

and Black participants, F(1,16) = 42.44, p < 0.01,η2 = 0.73, had sig-
nificantly higher Ownership scores with greater effect sizes than White
participants. These results partially support H2a, as Asian and Black
participants were more affected by unmatched ethnicity avatars.

No additional interaction effects were identified. However, a signif-
icant main effect of matched avatar gender was observed, indicating
that participants experienced higher Ownership when embodying an
avatar of the same gender, F(1,70) = 17.51, p < 0.01,η2 = 0.08. No
other main effects were detected.

4.2.4 Multi-Sensory

Interestingly, we found a main effect of participant ethnicity for the
Multi-Sensory subscale, F(3,70) = 4.90, p < 0.01,η2 = 0.17. Subse-
quent post-hoc tests revealed that Black participants exhibited signifi-
cantly lower levels of Multi-Sensory feelings than both White partic-
ipants, t(70) = −2.93, p = 0.02, and Hispanic participants, t(70) =
−3.28, p < 0.01. There were no other main or interaction effects.

Fig. 8: Plot of Response subscale scores, separated by user-matched
avatar conditions (Complete, Ethnicity, Gender, and None). An asterisk
(*) denotes a significant difference between conditions. Error bars repre-
sent +/- 1 standard error.

Fig. 9: Interaction plot of Ownership subscale scores, separated by user-
matched avatar ethnicity conditions and participant ethnicity. Error bars
represent +/- 1 standard error.
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Fig. 10: Plot of Ownership subscale scores, separated by user-matched
avatar gender. An asterisk (*) denotes a significant difference between
conditions. Error bars represent +/- 1 standard error.

Fig. 11: Plot of Multi-Sensory subscale scores, separated by participant
ethnicity. An asterisk (*) denotes a significant difference between groups.
Error bars represent +/- 1 standard error.

5 DISCUSSION

In this section, we discuss the impact of user-matched avatars on the
sense of embodiment, followed by an examination of how user ethnic-
ity interacts with these matching effects. We delve into the ways our
findings illuminate the influence of user ethnicity on various aspects
of embodiment. Throughout our discussion, we integrate participant
quotes from post-study interviews to offer deeper insights that com-
plement our quantitative results. Finally, we conclude this section by
addressing the limitations of our study and proposing potential avenues
for future research. This paper makes the following contributions:

1. We provide novel insights on how user racial-ethnic identity may
affect SoE as well as multi-sensory perceptions. Specifically, we
found that Asian and Black participants generally had lower SoE.

2. Our findings highlight a significant interaction effect of user eth-
nicity for ownership, indicating that Asian and Black participants
are more impacted by avatars of different ethnicities than White
or Hispanic participants.

3. We provide results demonstrating the importance of matching
a user’s ethnicity and gender, particularly depending upon the
user’s racial-ethnic identity.

4. In an effort to increase diversity in VR datasets, we provide our
dataset, which includes the tracked movements and demographics
of all 78 participants in the study. This dataset can be found at:
https://doi.org/10.17605/OSF.IO/YDW48.

5.1 User Ethnicity Affects SoE and Multi-Sensory
Our study uncovered a noteworthy main effect of participant ethnicity
on total SoE and the Multi-Sensory subscale, which we did not initially
anticipate in our original hypotheses. Specifically, Asian and Black
participants reported lower SoE than Hispanic participants, and Black
participants exhibited lower scores on the Multi-Sensory subscale com-
pared to both Hispanic and White participants. This exploration into
distinctions among various racial-ethnic demographics in VR use con-
tributes to the limited body of empirical research in this domain, and
we urge the community to further explore such effects.

Crucially, these results did not exhibit interaction effects with
matched/unmatched avatar characteristics. The influence of partici-
pant ethnicity extended across all conditions, indicating that Asian and
Black participants had lower SoE regardless of avatar congruency.

While our study did not delve deeply into the reasons behind these
results, it raises questions about the design focus for these populations
in VR experiences. Previous research suggests that VR may be less
enjoyable for women due to headsets being initially designed and tested
on men [72]. Our findings suggest that future work should investigate
reasons why Asian and Black participants may experience lower SoE.
Possible explanations may include issues with inverse kinematics (IK)
not properly aligning with their movements. Participants noted a lack
of embodiment, with one expressing that it "just did not feel right"
(Black, M). A participant even noted:

"I felt like I embodied none of them because they all felt the
same level of unrealistic due to their movements." (Asian,
M)

We hypothesize that a user’s ethnic-racial identity may impact their
movement in VR, and generic consumer IK solutions may not cater
well to specific populations. Scholars have argued that everyone moves
uniquely in VR [37, 43, 47, 58]. We encourage future researchers
and developers to investigate how racial-ethnic identity shapes VR
experiences, pinpointing reasons for disparities and striving to enhance
these experiences.

5.2 User Ethnicity Interacts with Avatar Matching Effects
We found that a user’s ethnicity played a significant role in influencing
avatar matching effects, specifically for Ownership. In our study, we
found that Asian, Black, and White participants all reported higher
Ownership when embodying avatars of the same ethnicity as their own.

Previous interviews suggested that non-White users may place
greater importance on their self-avatars’ skin tone and ethnic features
in VR [17]. This emphasis on ethnic features was evident among our
Asian and Black participants. Specifically, for the effect of matched
avatar ethnicity on Ownership, Black participants had an effect size
of η2 = 0.73, and Asian participants had an effect size of η2 = 0.49,
which can be interpreted as very large effects. In contrast, White par-
ticipants showed a more moderate effect size of η2 = 0.23. Thus, our
results indicate that Asian and Black participants may be more influ-
enced by matching avatar ethnicity compared to White participants.

We hypothesize that these results may be attributed to racial-ethnic
identity. Previous research has indicated that Black, Asian, and Latinx
participants tend to have stronger ethnic-racial identities than White
participants [68, 76]. For instance, an early study by Sears et al. [68]
found that non-White college students exhibited significantly stronger
ethnic identity than their White counterparts, leading to higher racial
awareness, identity salience, and feelings of closeness with their racial
group. This research also suggested that individuals from these demo-
graphics tend to think about their race and ethnicity more frequently
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than White students, highlighting the salience of racial-ethnic identity
in their lives.

In order to gain some preliminary insight on why participants may
have felt this way, we analyzed responses from our post-study inter-
views. In these interviews, participants of Asian and Black descent
expressed shared sentiments regarding the challenges of embodying
avatars of a different ethnicity. Many participants highlighted the diffi-
culty of reconciling their mental self-image with an avatar of a distinct
ethnicity, potentially explaining the pronounced effects on Ownership.
For instance, participants mentioned:

"Because in the back of my mind, I am fully aware that I do
not look like [a different ethnicity] in reality, so it is quite
hard to lie to yourself that you are someone totally opposite
of what you actually are." (Asian, F)

"I felt that my brain could not associate that [differ-
ent ethnicity] avatar as an extension of myself." (Asian,
M)

One participant even conveyed a sense of complete detachment,
stating:

"This avatar looked the least like me, so when completing
any of the actions, it was more like I was moving through a
simulation versus simulating my own movements." (Black,
M)

These insights highlight the impact of incongruent avatar ethnicity,
providing a nuanced understanding of the challenges faced by Asian
and Black participants when embodying avatars misaligned with their
ethnic identity.

However, our study unexpectedly revealed that Hispanic participants
did not exhibit significant differences in Ownership when embodying
avatars of the same race compared to avatars of another ethnicity. One
possible explanation for this finding may lie in the dynamic nature
of ethnic-racial identities, particularly in the United States. Recent
work suggests that ethnic-racial identity may be evolving, particularly
for Hispanic participants. Martinez-Fuentes et al. [35] found that
exploration and resolution, key components of ethnic-racial identity
development theory [13], showed no positive association with Hispanic
adolescents, unlike their Black and White counterparts. These recent
trends extend to other psychological effects, such as the association
between ethnic-racial identity and lower somatic symptoms in Asian
students, which did not hold for Hispanic students [61]. These complex
dynamics in ethnic-racial identity development may contribute to the
observed variations in Ownership scores among Hispanic participants.

Notably, when avatars align with participants’ ethnicity, Ownership
levels remained consistent across all ethnic groups, highlighting the
importance of this alignment. However, deviations emerge when avatars
do not match participants’ ethnicity, revealing notable discrepancies
(see Figure 9). Specifically, Black and Asian participants exhibited
significantly lower Ownership scores compared to White and Hispanic
participants in such instances. This raises a crucial concern about the
potential adverse effects of mismatching avatar ethnicity in studies.
These findings suggest that such mismatches may disproportionately
impact the SoE of Black and Asian participants, introducing the risk of
inequitable study outcomes. Therefore, ensuring proper avatar ethnicity
matching is imperative for fostering inclusivity and minimizing bias in
VR research.

5.3 Both Matched Avatar Ethnicity and Gender Affect SoE
In comparison to previous work by Do et al. [9], our study, employing
the same procedure and Sense of Embodiment questionnaire, yielded
different results. While they found that matched avatar ethnicity in-
fluenced the total SoE score and matched avatar gender did not, our
findings indicate that both matched avatar gender and matched avatar
ethnicity emerged as significant main effects. This discrepancy could
be attributed to our much larger sample size (78 participants compared
to their 32).

However, we observed a notable interaction effect for the Response
subscale, revealing that an ethnicity-matched, gender-matched avatar
elicited a higher Response score than the combined influence of these
factors individually. The Response subscale predominantly addresses
participants’ perceptions of how their real body transforms into their
virtual body, incorporating questions like “It felt as if my (real) body
were turning into an ‘avatar’ body” [50]. While both avatar gender
and ethnicity independently influence total SoE, our findings suggest
that participants may specifically perceive a transformation in their real
body only when both factors are matched.

The findings from our study highlight the importance of matching
both a user’s ethnicity and gender to their avatar for a heightened Sense
of Embodiment (SoE). Consequently, we recommend that developers
and researchers prioritize efforts to align self-avatars with participants’
characteristics, if achieving a robust SoE is a crucial aspect of their
results, irrespective of the participants’ individual characteristics.

5.4 Facilitating Future Motion Research

Pfeuffer et al. [55] argue that the analysis of VR motion data can aid in
developing innovative adaptive and secure user interfaces. To facilitate
diverse future investigations into the effects of participants demograph-
ics on VR experiences, we have openly shared the dataset from our
study. This dataset encompasses participant demographics, such as
ethnicity, age, weight, height, and VR experience. For each participant,
we provide the position and rotation data for the headset, left controller,
right controller, left foot tracker, right foot tracker, and hip tracker.
This type of data can be leveraged for a variety of purposes, such as
authenticating and identifying VR users [38–40, 42, 55], predicting
cybersickness [22–24], and predicting cognitive outcomes [41, 44, 59].

5.5 Limitations and Future Work

While we attempted to recruit diverse participants, we acknowledge the
limitations of our study population. The majority of our participants
were young adults from the United States, and it is possible that our
findings may not generalize to other populations worldwide. This
is particularly relevant if a sense of racial-ethnic identity influences
embodiment as we hypothesized, as these identities may vary regionally.
Furthermore, our investigation only examined SoE within the context
of embodied avatars.

Our results highlight the potential impact of user ethnicity on SoE
and avatar matching effects in VR. To ensure spatial computing experi-
ences are both equitable and enjoyable for diverse users, it is imperative
to broaden participant demographics and explore the nuanced aspects
of user characteristics. Subsequent research endeavors should focus on
identifying potential explanations for the observed differences in SoE
and extend investigations to diverse applications featuring embodied
avatars.

Our study represents an initial exploration of the potential impact of
racial demographics on Sense of Embodiment (SoE), and we did not
explore the spectrum of similarity and dissimilarity between avatars
and users and self-identification [16], leaving this as a promising av-
enue for future exploration. We specifically investigated the effects
of "not matched" ethnicity and gender, yet potential variations in the
degree of mismatching remain unexplored. Future work could examine
participant perceptions when embodying mixed-race avatars that share
only some features with the user (e.g., skin tone), contributing to a
more comprehensive understanding of avatar representation in VR.

Additionally, our study solely employed an inverse kinematics-based
avatar with three additional tracking points, mirroring a prevalent con-
sumer setup for body tracking [32]. While this configuration offers
ecologically valid insights, it is crucial to acknowledge potential vari-
ations in results when employing more advanced and accurate body
tracking technologies. Future research employing sophisticated track-
ing systems could provide a more nuanced understanding of the rela-
tionship between avatar embodiment and user characteristics in VR.
Additionally, participant demographics may also affect perceptions of
IK-generated movements, which may be an avenue for future research.
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6 CONCLUSION

Our study provides insight on the interaction between user demograph-
ics and avatar matching effects. By recruiting a substantial and diverse
participant group, our research extends existing work, shedding light on
how individual factors such as user ethnicity and gender interact with
matching avatar characteristics and total SoE. Notably, we found that
user ethnicity significantly affects SoE and also interacts with avatar
matching effects, emphasizing the importance of considering diverse
user demographics in VR studies. For example, our study found that
when avatars are matched to participants’ ethnicities, participants had
similar Ownership. However, when avatars were not matched, Asian
and Black participants were more negatively impacted.

To ensure equitable and enjoyable spatial computing experiences
for all users, future research should continue diversifying participant
demographics and exploring the impact of user characteristics on VR
experiences. As the VR userbase continues to evolve, understand-
ing these dynamics is crucial for designing inclusive and immersive
experiences.

SUPPLEMENTAL MATERIALS

All supplemental materials are available on OSF at https://doi.
org/10.17605/OSF.IO/YDW48, released under a CC BY 4.0 license.
In particular, they include (1) full paper with appendices, (2) motion
data.

ACKNOWLEDGMENTS

This work was supported in part by the Doctoral Research Support
Award from the College of Graduate Studies at The University of
Central Florida.

REFERENCES

[1] I. Almog, H. S. Wallach, and M. P. Safir. Ethnicity and sense of presence
in a virtual environment: Arab women - a case in point. In 2009 Virtual
Rehabilitation International Conference, pp. 78–82, 2009. doi: 10.1109/
ICVR.2009.5174209 2, 3

[2] E. Ambron, S. Goldstein, A. Miller, R. H. Hamilton, and H. B. Coslett.
From my skin to your skin: Virtual image of a hand of different skin color
influences movement duration of the real hand in Black and White indi-
viduals and influences racial bias. Frontiers in Virtual Reality, 3:884189,
Dec. 2022. doi: 10.3389/frvir.2022.884189 2

[3] D. Banakou, P. D. Hanumanthu, and M. Slater. Virtual embodiment of
white people in a black virtual body leads to a sustained reduction in their
implicit racial bias. Frontiers in Human Neuroscience, 10, 2016. doi: 10.
3389/fnhum.2016.00601 2

[4] V. H. H. Chen, S. H. M. Chan, and Y. C. Tan. Perspective-taking in virtual
reality and reduction of biases against minorities. Multimodal Technologies
and Interaction, 5(8):42, July 2021. doi: 10.3390/mti5080042 2

[5] A. Cheymol, R. Fribourg, A. Lécuyer, J.-M. Normand, and F. Argelaguet.
Beyond my real body: Characterization, impacts, applications and per-
spectives of “dissimilar” avatars in virtual reality. IEEE Transactions on
Visualization and Computer Graphics, 29(11):4426–4437, 2023. doi: 10.
1109/TVCG.2023.3320209 2

[6] F. de Vignemont. Embodiment, ownership and disownership. Conscious-
ness and Cognition, 20(1):82–93, 2011. Brain and Self: Bridging the Gap.
doi: 10.1016/j.concog.2010.09.004 1

[7] A. Dirin, A. Alamäki, and J. Suomala. Gender differences in perceptions
of conventional video, virtual reality and augmented reality. International
Journal of Interactive Mobile Technologies (iJIM), 13(06):pp. 93–103, Jun.
2019. doi: 10.3991/ijim.v13i06.10487 3

[8] O. Dluhopolskyi, A. Simakhova, T. Zatonatska, S. Kozlovskyi, I. Oleksiv,
and J. Baltgailis. Potential of virtual reality in the current digital society:
Economic perspectives. In 2021 11th International Conference on Ad-
vanced Computer Information Technologies (ACIT), pp. 360–363, 2021.
doi: 10.1109/ACIT52158.2021.9548495 1

[9] T. D. Do, C. Isabella Protko, and R. P. McMahan. Stepping into the right
shoes: The effects of user-matched avatar ethnicity and gender on sense
of embodiment in virtual reality. IEEE Transactions on Visualization and
Computer Graphics, pp. 1–10, 2024. doi: 10.1109/TVCG.2024.3372067
1, 2, 3, 4, 8

[10] T. D. Do, S. Zelenty, M. Gonzalez-Franco, and R. P. McMahan. VALID: A
perceptually validated Virtual Avatar Library for Inclusion and Diversity.
Frontiers in Virtual Reality. doi: 10.3389/frvir.2023.1248915 3

[11] N. Döllinger, M. Beck, E. Wolf, D. Mal, M. Botsch, M. E. Latoschik, and
C. Wienrich. “If it’s not me it doesn’t make a difference” - the impact of
avatar personalization on user experience and body awareness in virtual
reality. In 2023 IEEE International Symposium on Mixed and Augmented
Reality (ISMAR), pp. 483–492, 2023. doi: 10.1109/ISMAR59233.2023.
00063 2

[12] L. A. Elkin, M. Kay, J. J. Higgins, and J. O. Wobbrock. An aligned rank
transform procedure for multifactor contrast tests. In The 34th Annual
ACM Symposium on User Interface Software and Technology, UIST ’21,
p. 754–768. Association for Computing Machinery, New York, NY, USA,
2021. doi: 10.1145/3472749.3474784 5

[13] E. H. Erikson. Identity: Youth and Crisis. 1968. 8
[14] J. C. Eubanks, A. G. Moore, P. A. Fishwick, and R. P. McMahan. The

effects of body tracking fidelity on embodiment of an inverse-kinematic
avatar for male participants. In 2020 IEEE International Symposium
on Mixed and Augmented Reality (ISMAR), pp. 54–63, 2020. doi: 10.
1109/ISMAR50242.2020.00025 1

[15] A. Felnhofer, O. D. Kothgassner, L. Beutl, H. Hlavacs, and I. Kryspin-
Exner. Is virtual reality made for men only? Exploring gender differences
in the sense of presence. Proceedings of the International Society on
presence research, pp. 103–112, 2012. 2

[16] M. L. Fiedler, E. Wolf, N. Döllinger, M. Botsch, M. E. Latoschik, and
C. Wienrich. Embodiment and personalization for self-identification with
virtual humans. In 2023 IEEE Conference on Virtual Reality and 3D User
Interfaces Abstracts and Workshops (VRW), pp. 799–800, 2023. doi: 10.
1109/VRW58643.2023.00242 8

[17] G. Freeman and D. Maloney. Body, avatar, and me: The presentation
and perception of self in social virtual reality. Proc. ACM Hum.-Comput.
Interact., 4(CSCW3), jan 2021. doi: 10.1145/3432938 1, 2, 3, 7

[18] R. Fribourg, F. Argelaguet, A. Lécuyer, and L. Hoyet. Avatar and sense of
embodiment: Studying the relative preference between appearance, control
and point of view. IEEE Transactions on Visualization and Computer
Graphics, 26(5):2062–2072, 2020. doi: 10.1109/TVCG.2020.2973077 2

[19] M. Gonzalez-Franco, P. Abtahi, and A. Steed. Individual differences in
embodied distance estimation in virtual reality. In 2019 IEEE Conference
on Virtual Reality and 3D User Interfaces (VR), pp. 941–943, 2019. doi:
10.1109/VR.2019.8798348 1

[20] M. Gonzalez-Franco, E. Ofek, Y. Pan, A. Antley, A. Steed, B. Spanlang,
A. Maselli, D. Banakou, N. Pelechano, S. Orts-Escolano, V. Orvalho,
L. Trutoiu, M. Wojcik, M. V. Sanchez-Vives, J. Bailenson, M. Slater, and
J. Lanier. The rocketbox library and the utility of freely available rigged
avatars. Frontiers in Virtual Reality, 1, 2020. doi: 10.3389/frvir.2020.
561558 1, 2

[21] S. Grassini and K. Laumann. Are modern head-mounted displays sexist? A
systematic review on gender differences in HMD-mediated virtual reality.
Frontiers in Psychology, 11, 2020. doi: 10.3389/fpsyg.2020.01604 3

[22] R. Islam, K. Desai, and J. Quarles. Cybersickness prediction from in-
tegrated hmd’s sensors: A multimodal deep fusion approach using eye-
tracking and head-tracking data. In 2021 IEEE International Symposium
on Mixed and Augmented Reality (ISMAR), pp. 31–40, 2021. doi: 10.
1109/ISMAR52148.2021.00017 8

[23] R. Islam, Y. Lee, M. Jaloli, I. Muhammad, D. Zhu, P. Rad, Y. Huang, and
J. Quarles. Automatic detection and prediction of cybersickness severity
using deep neural networks from user’s physiological signals. In 2020
IEEE International Symposium on Mixed and Augmented Reality (ISMAR),
pp. 400–411, 2020. doi: 10.1109/ISMAR50242.2020.00066 8

[24] W. Jin, J. Fan, D. Gromala, and P. Pasquier. Automatic prediction of
cybersickness for virtual reality games. In 2018 IEEE Games, Entertain-
ment, Media Conference (GEM), pp. 1–9, 2018. doi: 10.1109/GEM.2018.
8516469 8

[25] D. Jo, K. Kim, G. F. Welch, W. Jeon, Y. Kim, K.-H. Kim, and G. J.
Kim. The impact of avatar-owner visual similarity on body ownership in
immersive virtual reality. In Proceedings of the 23rd ACM Symposium
on Virtual Reality Software and Technology, VRST ’17. Association for
Computing Machinery, New York, NY, USA, 2017. doi: 10.1145/3139131
.3141214 2

[26] D. Jo, K. Kim, G. F. Welch, W. Jeon, Y. Kim, K.-H. Kim, and G. J.
Kim. The impact of avatar-owner visual similarity on body ownership in
immersive virtual reality. In Proceedings of the 23rd ACM Symposium
on Virtual Reality Software and Technology, pp. 1–2. ACM, Gothenburg

9

https://doi.org/10.1109/TVCG.2024.3456196
https://doi.org/10.17605/OSF.IO/YDW48
https://doi.org/10.17605/OSF.IO/YDW48
https://doi.org/10.1109/ICVR.2009.5174209
https://doi.org/10.1109/ICVR.2009.5174209
https://doi.org/10.3389/frvir.2022.884189
https://doi.org/10.3389/fnhum.2016.00601
https://doi.org/10.3389/fnhum.2016.00601
https://doi.org/10.3390/mti5080042
https://doi.org/10.1109/TVCG.2023.3320209
https://doi.org/10.1109/TVCG.2023.3320209
https://doi.org/10.1016/j.concog.2010.09.004
https://doi.org/10.3991/ijim.v13i06.10487
https://doi.org/10.1109/ACIT52158.2021.9548495
https://doi.org/10.1109/TVCG.2024.3372067
https://doi.org/10.3389/frvir.2023.1248915
https://doi.org/10.1109/ISMAR59233.2023.00063
https://doi.org/10.1109/ISMAR59233.2023.00063
https://doi.org/10.1145/3472749.3474784
https://doi.org/10.1109/ISMAR50242.2020.00025
https://doi.org/10.1109/ISMAR50242.2020.00025
https://doi.org/10.1109/VRW58643.2023.00242
https://doi.org/10.1109/VRW58643.2023.00242
https://doi.org/10.1145/3432938
https://doi.org/10.1109/TVCG.2020.2973077
https://doi.org/10.1109/VR.2019.8798348
https://doi.org/10.1109/VR.2019.8798348
https://doi.org/10.3389/frvir.2020.561558
https://doi.org/10.3389/frvir.2020.561558
https://doi.org/10.3389/fpsyg.2020.01604
https://doi.org/10.1109/ISMAR52148.2021.00017
https://doi.org/10.1109/ISMAR52148.2021.00017
https://doi.org/10.1109/ISMAR50242.2020.00066
https://doi.org/10.1109/GEM.2018.8516469
https://doi.org/10.1109/GEM.2018.8516469
https://doi.org/10.1145/3139131.3141214
https://doi.org/10.1145/3139131.3141214


Sweden, Nov. 2017. doi: 10.1145/3139131.3141214 2
[27] S. Jung, G. Bruder, P. J. Wisniewski, C. Sandor, and C. E. Hughes. Over my

hand: Using a personalized hand in vr to improve object size estimation,
body ownership, and presence. In Proceedings of the Symposium on
Spatial User Interaction, SUI ’18, p. 60–68. Association for Computing
Machinery, New York, NY, USA, 2018. doi: 10.1145/3267782.3267920
1, 2

[28] K. Kilteni, I. Bergstrom, and M. Slater. Drumming in immersive virtual re-
ality: the body shapes the way we play. IEEE transactions on visualization
and computer graphics, 19(4):597–605, 2013. 2

[29] K. Kilteni, R. Groten, and M. Slater. The sense of embodiment in virtual
reality. Presence: Teleoperators and Virtual Environments, 21(4):373–387,
Nov. 2012. doi: 10.1162/PRES_a_00124 1

[30] H. Kim, J. Park, and I.-K. Lee. “To be or not to be me?”: Exploration of
self-similar effects of avatars on social virtual reality experiences. IEEE
Transactions on Visualization and Computer Graphics, 29(11):4794–4804,
2023. doi: 10.1109/TVCG.2023.3320240 2

[31] A. Kitson, D. Sproll, and B. E. Riecke. Influence of ethnicity, gender and
answering mode on a virtual point-to-origin task. Frontiers in Behavioral
Neuroscience, 10, 2016. doi: 10.3389/fnbeh.2016.00022 2, 3

[32] F. Krell and N. Wettmann. Corporeal interactions in vrchat: Situational
intensity and body synchronization. Symbolic Interaction, 46(2):159–181,
2023. 3, 8

[33] S. Lopez, Y. Yang, K. Beltran, S. J. Kim, J. Cruz Hernandez, C. Simran,
B. Yang, and B. F. Yuksel. Investigating implicit gender bias and embodi-
ment of white males in virtual reality with full body visuomotor synchrony.
In Proceedings of the 2019 CHI Conference on Human Factors in Com-
puting Systems, CHI ’19, p. 1–12. Association for Computing Machinery,
New York, NY, USA, 2019. doi: 10.1145/3290605.3300787 2

[34] M. Marini and A. Casile. I can see my virtual body in a mirror: The role of
visual perspective in changing implicit racial attitudes using virtual reality.
Frontiers in Psychology, 13:989582, Nov. 2022. doi: 10.3389/fpsyg.2022.
989582 2

[35] S. Martinez-Fuentes, A. J. Umaña-Taylor, J. Jager, E. K. Seaton, and
M. R. Sladek. An examination of ethnic-racial identity and U.S. American
identity among Black, Latino, and White adolescents. Identity, 20(3):208–
223, July 2020. doi: 10.1080/15283488.2020.1784177 8

[36] A. J. Martingano, E. Brown, S. H. Telaak, A. P. Dolwick, and S. Persky.
Cybersickness variability by race: Findings from 6 studies and a mini
meta-analysis. J Med Internet Res, 24(6):e36843, Jun 2022. doi: 10.
2196/36843 3

[37] M. R. Miller, F. Herrera, H. Jun, J. A. Landay, and J. N. Bailenson.
Personal identifiability of user tracking data during observation of 360-
degree vr video. Scientific Reports, 10(1):17404, 2020. 7

[38] M. R. Miller, F. Herrera, H. Jun, J. A. Landay, and J. N. Bailenson.
Personal identifiability of user tracking data during observation of 360-
degree vr video. Scientific Reports, 10(11):17404, Oct. 2020. doi: 10.
1038/s41598-020-74486-y 8

[39] R. Miller, N. K. Banerjee, and S. Banerjee. Combining real-world con-
straints on user behavior with deep neural networks for virtual reality (vr)
biometrics. In 2022 IEEE Conference on Virtual Reality and 3D User
Interfaces (VR), p. 409–418, Mar. 2022. doi: 10.1109/VR51125.2022.
00060 8

[40] A. G. Moore, T. D. Do, N. Ruozzi, and R. P. McMahan. Identifying virtual
reality users across domain-specific tasks: A systematic investigation of
tracked features for assembly. In 2023 IEEE International Symposium
on Mixed and Augmented Reality (ISMAR), pp. 396–404, 2023. doi: 10.
1109/ISMAR59233.2023.00054 8

[41] A. G. Moore, R. P. McMahan, H. Dong, and N. Ruozzi. Extracting
velocity-based user-tracking features to predict learning gains in a virtual
reality training application. In 2020 IEEE International Symposium on
Mixed and Augmented Reality (ISMAR), p. 694–703. IEEE, Nov. 2020.
doi: 10.1109/ISMAR50242.2020.00099 8

[42] A. G. Moore, R. P. McMahan, H. Dong, and N. Ruozzi. Personal identi-
fiability and obfuscation of user tracking data from vr training sessions.
In 2021 IEEE International Symposium on Mixed and Augmented Reality
(ISMAR), p. 221–228, Oct. 2021. doi: 10.1109/ISMAR52148.2021.00037
8

[43] A. G. Moore, R. P. McMahan, H. Dong, and N. Ruozzi. Personal identifia-
bility of user tracking data during vr training. In 2021 IEEE Conference on
Virtual Reality and 3D User Interfaces Abstracts and Workshops (VRW),
pp. 556–557, 2021. doi: 10.1109/VRW52623.2021.00160 7

[44] A. G. Moore, R. P. McMahan, and N. Ruozzi. Exploration of feature

representations for predicting learning and retention outcomes in a vr
training scenario. Big Data and Cognitive Computing, 5(33):29, Sept.
2021. doi: 10.3390/bdcc5030029 8

[45] A. Mottelson, A. Muresan, K. Hornbæk, and G. Makransky. A systematic
review and meta-analysis of the effectiveness of body ownership illusions
in virtual reality. ACM Trans. Comput.-Hum. Interact., 30(5), sep 2023.
doi: 10.1145/3590767 1

[46] J. Munafo, M. Diedrick, and T. A. Stoffregen. The virtual reality head-
mounted display Oculus Rift induces motion sickness and is sexist in its
effects. Experimental Brain Research, 235(3):889–901, Mar. 2017. doi:
10.1007/s00221-016-4846-7 3

[47] V. Nair, W. Guo, J. Mattern, R. Wang, J. F. O’Brien, L. Rosenberg, and
D. Song. Unique identification of 50,000+ virtual reality users from head
& hand motion data. In Proceedings of the 32nd USENIX Conference on
Security Symposium, SEC ’23. USENIX Association, USA, 2023. 7

[48] D. M. Olson. Exploring the role of racial and ethnic socialization in
virtual reality (VR) narratives. PhD thesis, Massachusetts Institute of
Technology, 2019. 2, 3

[49] T. C. Peck, M. Doan, K. A. Bourne, and J. J. Good. The effect of gender
body-swap illusions on working memory and stereotype threat. IEEE
Transactions on Visualization and Computer Graphics, 24(4):1604–1612,
2018. doi: 10.1109/TVCG.2018.2793598 2

[50] T. C. Peck and M. Gonzalez-Franco. Avatar embodiment. A standardized
questionnaire. Frontiers in Virtual Reality, 1:575943, Feb. 2021. doi: 10.
3389/frvir.2020.575943 2, 3, 5, 8

[51] T. C. Peck, J. J. Good, and K. A. Bourne. Inducing and mitigating stereo-
type threat through gendered virtual body-swap illusions. In Proceedings
of the 2020 CHI Conference on Human Factors in Computing Systems,
CHI ’20, p. 1–13. Association for Computing Machinery, New York, NY,
USA, 2020. doi: 10.1145/3313831.3376419 2

[52] T. C. Peck, K. A. McMullen, and J. Quarles. Divrsify: Break the cycle
and develop vr for everyone. IEEE Computer Graphics and Applications,
41(6):133–142, 2021. 1, 2

[53] T. C. Peck, S. Seinfeld, S. M. Aglioti, and M. Slater. Putting yourself in
the skin of a black avatar reduces implicit racial bias. Consciousness and
Cognition, 22(3):779–787, Sept. 2013. doi: 10.1016/j.concog.2013.04.
016 2

[54] T. C. Peck, L. E. Sockol, and S. M. Hancock. Mind the gap: The underrep-
resentation of female participants and authors in virtual reality research.
IEEE Transactions on Visualization and Computer Graphics, 26(5):1945–
1954, 2020. 2, 3

[55] K. Pfeuffer, M. J. Geiger, S. Prange, L. Mecke, D. Buschek, and F. Alt.
Behavioural biometrics in vr: Identifying people from body motion and
relations in virtual reality. In Proceedings of the 2019 CHI Conference on
Human Factors in Computing Systems, CHI ’19, p. 1–12. Association for
Computing Machinery, New York, NY, USA, 2019. doi: 10.1145/3290605
.3300340 8

[56] S. Phosaard, P. Rattanawicha, and W. Chantatub. Effects of demographics
and computer usage characteristics as moderators on importance of quality
factors for virtual reality commerce interface, 2010. 2, 3

[57] A. Plechatá, V. Sahula, D. Fayette, and I. Fajnerová. Age-related dif-
ferences with immersive and non-immersive virtual reality in memory
assessment. Frontiers in Psychology, 10:1330, June 2019. doi: 10.3389/
fpsyg.2019.01330 3

[58] C. Rack, T. Fernando, M. Yalcin, A. Hotho, and M. E. Latoschik. Who is
Alyx? A new behavioral biometric dataset for user identification in XR.
Frontiers in Virtual Reality, 4, 2023. doi: 10.3389/frvir.2023.1272234 7

[59] D. Reinhardt, S. Haesler, J. Hurtienne, and C. Wienrich. Entropy of
controller movements reflects mental workload in virtual reality. In 2019
IEEE Conference on Virtual Reality and 3D User Interfaces (VR), pp.
802–808, 2019. doi: 10.1109/VR.2019.8797977 8

[60] G. Rhodes, H. C. Lie, L. Ewing, E. Evangelista, and J. W. Tanaka. Does
perceived race affect discrimination and recognition of ambiguous-race
faces? A test of the sociocognitive hypothesis. Journal of Experimental
Psychology: Learning Memory and Cognition, 36(1):217–223, 2010. doi:
10.1037/a0017680 1

[61] L. Rogers-Sirin and T. Gupta. Cultural identity and mental health: Dif-
fering trajectories among Asian and Latino youth. Journal of Counseling
Psychology, 59(4):555–566, Oct. 2012. doi: 10.1037/a0029329 8

[62] D. Roth and M. E. Latoschik. Construction of the Virtual Embodiment
Questionnaire (VEQ). IEEE Transactions on Visualization and Com-
puter Graphics, 26(12):3546–3556, Dec. 2020. doi: 10.1109/TVCG.2020.
3023603 2, 4

10

https://doi.org/10.1145/3139131.3141214
https://doi.org/10.1145/3267782.3267920
https://doi.org/10.1162/PRES_a_00124
https://doi.org/10.1109/TVCG.2023.3320240
https://doi.org/10.3389/fnbeh.2016.00022
https://doi.org/10.1145/3290605.3300787
https://doi.org/10.3389/fpsyg.2022.989582
https://doi.org/10.3389/fpsyg.2022.989582
https://doi.org/10.1080/15283488.2020.1784177
https://doi.org/10.2196/36843
https://doi.org/10.2196/36843
https://doi.org/10.1038/s41598-020-74486-y
https://doi.org/10.1038/s41598-020-74486-y
https://doi.org/10.1109/VR51125.2022.00060
https://doi.org/10.1109/VR51125.2022.00060
https://doi.org/10.1109/ISMAR59233.2023.00054
https://doi.org/10.1109/ISMAR59233.2023.00054
https://doi.org/10.1109/ISMAR50242.2020.00099
https://doi.org/10.1109/ISMAR52148.2021.00037
https://doi.org/10.1109/VRW52623.2021.00160
https://doi.org/10.3390/bdcc5030029
https://doi.org/10.1145/3590767
https://doi.org/10.1007/s00221-016-4846-7
https://doi.org/10.1007/s00221-016-4846-7
https://doi.org/10.1109/TVCG.2018.2793598
https://doi.org/10.3389/frvir.2020.575943
https://doi.org/10.3389/frvir.2020.575943
https://doi.org/10.1145/3313831.3376419
https://doi.org/10.1016/j.concog.2013.04.016
https://doi.org/10.1016/j.concog.2013.04.016
https://doi.org/10.1145/3290605.3300340
https://doi.org/10.1145/3290605.3300340
https://doi.org/10.3389/fpsyg.2019.01330
https://doi.org/10.3389/fpsyg.2019.01330
https://doi.org/10.3389/frvir.2023.1272234
https://doi.org/10.1109/VR.2019.8797977
https://doi.org/10.1037/a0017680
https://doi.org/10.1037/a0017680
https://doi.org/10.1037/a0029329
https://doi.org/10.1109/TVCG.2020.3023603
https://doi.org/10.1109/TVCG.2020.3023603


© 2024 IEEE. This is the author’s version of the article that has been published in IEEE Transactions on Visualization and
Computer Graphics. The final version of this record is available at: 10.1109/TVCG.2024.3456196

[63] C. Sagnier, E. Loup-Escande, and G. Valléry. Effects of gender and
prior experience in immersive user experience with virtual reality. In
Advances in Usability and User Experience: Proceedings of the AHFE
2019 International Conferences on Usability & User Experience, and
Human Factors and Assistive Technology, July 24-28, 2019, Washington
DC, USA 10, pp. 305–314. Springer, 2020. 2, 3

[64] A. Salagean, E. Crellin, M. Parsons, D. Cosker, and D. Stanton Fraser.
Meeting your virtual twin: Effects of photorealism and personalization on
embodiment, self-identification and perception of self-avatars in virtual
reality. In Proceedings of the 2023 CHI Conference on Human Factors
in Computing Systems, CHI ’23. Association for Computing Machinery,
New York, NY, USA, 2023. doi: 10.1145/3544548.3581182 2

[65] N. Salmanowitz. The impact of virtual reality on implicit racial bias and
mock legal decisions. Journal of Law and the Biosciences, 5(1):174–203,
May 2018. doi: 10.1093/jlb/lsy005 2

[66] C. Scheibler and M. A. F. Rodrigues. User experience evaluation focused
on viewpoints and embodiment. In Proceedings of the 34th ACM/SIGAPP
Symposium on Applied Computing, pp. 2340–2343. ACM, Limassol
Cyprus, Apr. 2019. doi: 10.1145/3297280.3299749 2, 3

[67] V. Schwind, P. Knierim, C. Tasci, P. Franczak, N. Haas, and N. Henze.
"these are not my hands!": Effect of gender on the perception of avatar
hands in virtual reality. In Proceedings of the 2017 CHI Conference on
Human Factors in Computing Systems, CHI ’17, p. 1577–1582. Asso-
ciation for Computing Machinery, New York, NY, USA, 2017. doi: 10.
1145/3025453.3025602 2, 3

[68] D. O. Sears, M. Fu, P. J. Henry, and K. Bui. The origins and persistence
of ethnic identity among the "New Immigrant" groups. Social Psychology
Quarterly, 66(4):419, Dec. 2003. doi: 10.2307/1519838 7

[69] S. Serino, F. Scarpina, A. Dakanalis, A. Keizer, E. Pedroli, G. Castelnuovo,
A. Chirico, V. Catallo, D. Di Lernia, and G. Riva. The role of age on mul-
tisensory bodily experience: an experimental study with a virtual reality
full-body illusion. Cyberpsychology, Behavior, and Social Networking,
21(5):304–310, 2018. 2, 3

[70] D. M. Shafer, C. P. Carbonara, and M. F. Korpi. Factors affecting enjoy-
ment of virtual reality games: A comparison involving consumer-grade
virtual reality technology. Games for Health Journal, 8(1):15–23, Feb.
2019. doi: 10.1089/g4h.2017.0190 3

[71] B. Spanlang, J.-M. Normand, D. Borland, K. Kilteni, E. Giannopoulos,
A. Pomés, M. González-Franco, D. Perez-Marcos, J. Arroyo-Palacios,
X. N. Muncunill, and M. Slater. How to build an embodiment lab: Achiev-
ing body representation illusions in virtual reality. Frontiers in Robotics
and AI, 1, 2014. doi: 10.3389/frobt.2014.00009 2

[72] K. Stanney, C. Fidopiastis, and L. Foster. Virtual reality is sexist: But
it does not have to be. Frontiers in Robotics and AI, 7, 2020. doi: 10.
3389/frobt.2020.00004 3, 7

[73] A. Steed, Y. Pan, F. Zisch, and W. Steptoe. The impact of a self-avatar on
cognitive load in immersive virtual reality. In 2016 IEEE Virtual Reality
(VR), pp. 67–76, 2016. doi: 10.1109/VR.2016.7504689 2

[74] M. Taillade, H. Sauzéon, M. Dejos, P. Arvind Pala, F. Larrue, G. Wallet,
C. Gross, and B. N’Kaoua. Executive and memory correlates of age-related
differences in wayfinding performances using a virtual reality application.
Aging, Neuropsychology, and Cognition, 20(3):298–319, May 2013. doi:
10.1080/13825585.2012.706247 3

[75] K.-K. Teoh and E. U. Cyril. Exploring the roles of gender and ethnicity as
antecedents of trust in 3d immersive electronic commerce. Communica-
tions of the IBIMA, 2:68–74, 2008. 2, 3

[76] N. Vargas and K. Stainback. Documenting contested racial identities
among self-identified Latina/Os, Asians, Blacks, and Whites. Amer-
ican Behavioral Scientist, 60(4):442–464, Apr. 2016. doi: 10.1177/
0002764215613396 7

[77] A. Vasalou, A. N. Joinson, and J. Pitt. Constructing my online self: Avatars
that increase self-focused attention. In Proceedings of the SIGCHI Con-
ference on Human Factors in Computing Systems, CHI ’07, p. 445–448.
Association for Computing Machinery, New York, NY, USA, 2007. doi:
10.1145/1240624.1240696 2

[78] J. Vila, B. Beccue, and S. Anandikar. The gender factor in virtual reality
navigation and wayfinding. In 36th Annual Hawaii International Confer-
ence on System Sciences, 2003. Proceedings of The, p. 7 pp. IEEE, Big
Island, HI, USA, 2003. doi: 10.1109/HICSS.2003.1174239 2, 3

[79] T. Waltemate, D. Gall, D. Roth, M. Botsch, and M. E. Latoschik. The
impact of avatar personalization and immersion on virtual body ownership,
presence, and emotional response. IEEE Transactions on Visualization
and Computer Graphics, 24(4):1643–1652, 2018. doi: 10.1109/TVCG.

2018.2794629 2
[80] J. O. Wobbrock, L. Findlater, D. Gergle, and J. J. Higgins. The aligned

rank transform for nonparametric factorial analyses using only ANOVA
procedures. In Proceedings of the ACM Conference on Human Factors in
Computing Systems (CHI ’11), pp. 143–146, 2011. 5

[81] G. Xia, P. Henry, F. Queiroz, S. Westland, and L. Yu. Colour–cognitive per-
formance interaction in virtual reality (vr): a study of gender differences.
In 14th Congress of the International Color Association, pp. 909–914,
2021. 3

[82] K. Zibrek, B. Niay, A.-H. Olivier, L. Hoyet, J. Pettre, and R. McDonnell.
The effect of gender and attractiveness of motion on proximity in virtual
reality. ACM Trans. Appl. Percept., 17(4), nov 2020. doi: 10.1145/3419985
2, 3

11

https://doi.org/10.1109/TVCG.2024.3456196
https://doi.org/10.1145/3544548.3581182
https://doi.org/10.1093/jlb/lsy005
https://doi.org/10.1145/3297280.3299749
https://doi.org/10.1145/3025453.3025602
https://doi.org/10.1145/3025453.3025602
https://doi.org/10.2307/1519838
https://doi.org/10.1089/g4h.2017.0190
https://doi.org/10.3389/frobt.2014.00009
https://doi.org/10.3389/frobt.2020.00004
https://doi.org/10.3389/frobt.2020.00004
https://doi.org/10.1109/VR.2016.7504689
https://doi.org/10.1080/13825585.2012.706247
https://doi.org/10.1080/13825585.2012.706247
https://doi.org/10.1177/0002764215613396
https://doi.org/10.1177/0002764215613396
https://doi.org/10.1145/1240624.1240696
https://doi.org/10.1145/1240624.1240696
https://doi.org/10.1109/HICSS.2003.1174239
https://doi.org/10.1109/TVCG.2018.2794629
https://doi.org/10.1109/TVCG.2018.2794629
https://doi.org/10.1145/3419985

	Introduction
	Related Work
	Self-Avatars in Virtual Reality
	Effects of Matching Self-Avatar Appearance
	Effects of User Demographics on VR Experiences
	Personalized Avatars

	Methods
	Research Hypotheses
	Dependent Variables
	Standardized Embodiment Questionnaire (SEQ)

	Apparatus
	Procedure
	Collected Data
	Participants
	Data Analysis Approach

	Results
	Total SoE
	Subscales
	Appearance
	Response
	Ownership
	Multi-Sensory


	Discussion
	User Ethnicity Affects SoE and Multi-Sensory
	User Ethnicity Interacts with Avatar Matching Effects
	Both Matched Avatar Ethnicity and Gender Affect SoE
	Facilitating Future Motion Research
	Limitations and Future Work

	Conclusion

