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Abstract

It is often necessary for virtual reality (VR) users to experience a sense of presence for the benefits of VR applications to be
realized. However, feelings of presence are subjective and depend not only on the nature of the VR environment but also on
the users’ unique characteristics. To maximize the likelihood of achieving desired VR outcomes, it is important to understand
the user characteristics that impact the likelihood of users’ feelings of social and environmental presence. Addressing this
knowledge gap is an important first step toward verifying whether all user populations have access to equally efficacious
VR experiences. To this end, we report data from seven independent samples collected within one laboratory group (total
N=1145). In these studies, participants were asked to perform tasks in VR such as traversing environments, pointing at and
selecting objects, and interacting with virtual humans. Meta-analyses revealed that, on average, feelings of presence were
not significantly related to age or gender, but differed by racial group membership. Significant racial differences in presence
were found for both environmental and social presence. Black participants reported approximately half a standard deviation
more presence than White participants. No overall differences between Asian and White participants’ reported presence were
found. These findings provide a context for future studies that may explore demographic differences in presence directly.
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1 Introduction

VR technologies are employed in a wide variety of fields
including medicine (Chirico et al. 2016), education (Freina
and Ott 2015), manufacturing (Mujber et al. 2004), engi-
neering (Coburn et al. 2017), and military training (Bowman
and McMahan 2007). Often, a sense of presence, or ‘being
there’ in the virtual environment is central to realizing the
maximum benefit of these applications. For example, VR
has been used successfully as exposure therapy for specific
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phobias (e.g., Arachnophobia, Acrophobia) (Carvalho et al.
2010). However, for the exposure to be effective, virtual
environments must activate similar fear responses in users as
an analogous physical environment, which can only occur if
the user feels as if they are existing in the fear-inducing situ-
ation (Hodges et al. 1995). Feelings of presence are essen-
tial to the success of many VR outcomes, including task
performance (Slater et al. 1996), training efficacy (Wallis
and Tichon 2013), persuasiveness (Kim and Biocca 1997),
analgesic distraction (Triberti et al. 2014), and empathy
(Barreda-Angeles et al. 2020).

To date, most research in this area has focused on the
technological affordances of VR hardware and software
that can heighten or dampen users’ feelings of presence.
For example, more fully enveloping and more interactive
environments are associated with a heightened feeling of
presence in users (see Cummings and Bailenson 2016 for
review). However, because presence is subjective, individual
users’ perceptions of presence can vary dramatically in simi-
lar or even identical virtual environments (Ling et al. 2013;
Wallach et al. 2010). The immersive characteristics of the
VR system and the user’s unique characteristics and tenden-
cies, together, dictate perceptions of presence. Therefore, to
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maximize the likelihood of achieving desired VR outcomes,
we must understand whether and how user characteristics
impact presence experiences.

In anticipation of evaluating VR application efficacy
across user demographics, it is important to understand
underlying differences between groups related to these out-
comes. Past studies have explored the relationship between
presence and demographics, but largely as covariates (Oh
et al. 2018). There is a need to specifically focus on the
potential influence of demographic variables on their own.
To help address this gap, we report data on these relation-
ships from seven independent samples. Within these stud-
ies, participants were asked to perform varying tasks (e.g.,
traversing environments, pointing at and selecting objects,
interacting with virtual humans). We then report meta-anal-
yses examining demographic differences in environmental
and social presence across these virtual experiences. The
results of these analyses can assist in promoting VR design
approaches that engender presence even in groups where
presence may be more difficult to elicit. As such, under-
standing potential group differences in presence is critical to
ensuring that this emerging technology is accessible to and
effective for all in future.

1.1 Presence within virtual environments

Presence is characterized as an individual’s subjective expe-
rience of reality. It has long been established that the psycho-
logical experience of being within the virtual environment or
having “presence” is essential for a good experience within
virtual reality (Slater and Wilbur 1997). Although research-
ers have not aligned on a specific definition of presence (see
Felton and Jackson 2021; Schubert 2009; Schuemie et al.
2001), at the core of this concept is a feeling of being situ-
ated within the virtual environment. In other words, the user
begins to accept the virtual environment as a real one (Scav-
arelli et al. 2020). Although researchers have identified and
categorized several types of presence (Lombard and Jones
2015), this paper focuses on two: environmental and social
presence.

Environmental presence, sometimes referred to as spa-
tial presence, refers to the sense of being physically located
within a digital environment (Lombard and Jones 2015).
This dimension of presence is measured by how real the
virtual space and its objects seem to the user (Bailey et al.
2012). Such presence occurs when the virtual world is
responsive to user input in naturalistic ways (e.g., active
physical responses) (Lee 2004) and the VR environment
provides “the illusion that the scenario being depicted is
actually occurring” (Slater 2009, p. 3540). The immersive-
ness of the virtual environment creates a level of realism
(Baus and Bouchard 2014) in which the user's expectations
are met and the environment is considered authentic (Bafios
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et al. 2005). Environmental presence is particularly impor-
tant in order for users to be able to generalize experiences
they have in VR to real-world environments (Bailey et al.
2012; Duane et al. 2022).

Social presence refers to the concept that VR users feel
that they coexist in the same environment (Heeter 1992; 1Js-
selsteijn et al. 2000; Lee 2004) and experience others (e.g.,
virtual humans, avatars of humans) as social entities (Biocca
2006; Biocca et al. 2003). Through the lens of social pres-
ence, there is a sense of being together with another social
entity and responding to social cues within the interaction
(Biocca et al. 2003). Additionally, the perceived social con-
nection can influence interactions between individuals who
are physically separated (Blascovich 2002; Short et al. 1976;
Garau et al. 2005; Parsons et al. 2017; Oh et al. 2018). For
example, social presence can positively influence learning
interactions between individuals within virtual classrooms
(Wei et al. 2012) as well as positively influence learning and
inquiry for students (Garrison et al. 2010).

2 Demographic differences in presence

In recent years, researchers have begun to consider how the
demographics of VR users may influence their experiences
within VR environments, particularly during interactions
with members of other social groups (e.g., Taylor et al.
2020). It is no surprise that cultural norms will influence the
design of VR experiences. However, a particular concern is
that if we make assumptions about the target audience of a
VR experience, it could result in VR experiences that are
more relatable and comfortable for certain demographic
groups, possibly at the expense of others. Users who fall
outside of the ‘expected’ age, gender, or racial group may
not see their lived experiences reflected as accurately within
VR, and potentially this may lead these users to feel less
presence. Moreover, a lack of diversity within user design
and testing may exacerbate this issue, leading to potential
inequalities in the efficacy of VR experiences. It is there-
fore critical to examine potential demographic differences
in presence and to determine if these differences are more
likely to occur for certain types of presence (i.e., environ-
mental vs social). To date, existing research on demographic
differences in presence is somewhat limited for age and gen-
der, and almost nonexistent for race.

2.1 Age

There is existing evidence of age differences in presence,
but this evidence appears stronger for environmental pres-
ence than social presence. Generally, older users appear
to experience less environmental presence than younger
users (Cho et al. 2015; van Schaik et al. 2004; Ausburn and
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Ausburn 2008). However, this research has generally com-
pared middle-aged adults (e.g., 30-60) to young adults (e.g.,
20-30). More recent research that has recruited older adults
(e.g., 60 +) and compared them to younger adults has found
either no age-related differences in environmental presence
(Corriveau Lecavalier et al. 2020; Felnhofer et al. 2012;
Mitzner et al. 2021) or the reverse trend, with older adults
reporting greater environmental presence than younger
adults (Dilanchian et al. 2021). These mixed results could
potentially indicate a U-shaped relationship between envi-
ronmental presence and age, dropping in middle age. How-
ever, as older adults have only been studied more recently,
it is difficult to disentangle the effects of age from those
of time. Potentially the relationship between age and envi-
ronmental presence may be changing over time, with more
modern hardware and software yielding different results
from earlier technology. To date, the nature of the relation-
ship between age and environmental presence, if any exists,
remains unclear, and a more thorough examination of these
trends, as well as potential moderators, would be beneficial.

In regards to social presence, some studies suggest that
age is associated with lower levels of presence (Cho et al.
2015; Siriarava and Ang 2012), although many more studies
have found no correlation between social presence and age
(Hite et al. 2019; Felnhofer et al. 2012; Hauber et al. 2005;
Lim and Richardson 2016; Kim et al. 2004; Richardson and
Swan 2003). These mixed results suggest that it is worth
exploring how age relates to presence, and how this may
differ by the nature of VR experience in question.

2.2 Gender

VR researchers have previously claimed that gender may
be an important demographic factor moderating the experi-
ence of environmental and social presence (IJsselsteijn 2004;
Lombard and Ditton 1997). However, the literature on gen-
der and presence is mixed in its findings. For environmental
presence, several studies have found no evidence of gender
differences (De Leo et al. 2014; Khashe et al. 2018; Melo
et al. 2021; Pallavicini et al. 2019; Weech et al. 2020), other
studies have found that women report higher levels of envi-
ronmental presence in a variety of VR settings including
simulation of a medical emergency (Paquay et al. 2022),
a VR tourism experience (Melo et al. 2022), and various
entertainment VR experiences (Grassini et al. 2021; Gon-
calves 2018). Still, other research has found that men report
higher levels of certain types of environmental presence
(Felnhofer et al. 2012, 2014; Lachlan and Krcmar 2011).
For example, men reported higher levels of two environmen-
tal presence components (performance and ability to act in
the VR environment) in a VR assembly line environment,
with no gender differences on other components of presence
(Sagnier et al. 2019). Similarly, men in other studies have

reported a greater ability to act and perform in a VR class-
room (Gamito et al. 2008) and higher levels of behavioral
control and ease of use in a driving task (Chang et al. 2020).
These results may suggest that women report less presence
if presence requires actual and/or perceived competence.
Relatedly, men’s sense of environmental presence tends to
be higher than women’s in interactive VR experiences that
require the manipulation of objects, but this trend appears
to be reversed for less interactive experiences (Slater et al.
1998a, b). Recent research has also suggested that gender
differences in presence may emerge in interaction with VR
design choices. For example, women’s presence appears to
be more heavily impacted than men’s when asked to embody
a VR avatar with opposite gender hands (Schwind et al.
2017). Moreover, the type of locomotion control used in
VR (e.g., teleporting vs. steering) might impact women’s
sense of presence to a greater degree than men, who tend to
feel a similar sense of environmental presence regardless of
locomotion type (Clifton and Palmisano 2020).

In regard to social presence, the results are also mixed,
with several studies finding that gender has no impact on
social presence (Cho et al. 2015; Felnhofer et al. 2014; Kim
2004; Schifter et al. 2012). However, several other stud-
ies find that women report more social presence than men
(Giannopoulos et al. 2008; Johnson 2011; Bailenson et al.
2005). Additionally, there is evidence that women respond
more emotionally to virtual avatars than men (Mousas et al.
2018) and are more likely to feel a sense of embodiment with
virtual avatars (Scheibler and Rodrigues 2018). Still, rigor-
ous investigation of gender differences in social presence is
lacking in the literature (Lin et al. 2011).

2.3 Race

When interracial contact occurs in VR, different racial
groups are likely to bring contrasting interpersonal con-
cerns (Taylor et al. 2020). As highlighted by Taylor et al.,
these concerns can include concerns about being stereo-
typed, experiencing bias, and/or appearing prejudiced,
and, just as in live interracial interactions, non-White VR
users can experience implicit and explicit racial prejudice
in VR, particularly to the extent that their racial identity
is visible. Virtual worlds are often White-dominated (Lee
and Park 2011), and so non-White users are less likely to
feel represented within them. Moreover, non-White users
may even feel pressure to change their avatar to appear as
White so to blend into the racial norm and avoid harass-
ment (Blackwell 2019). One Back VR user interviewed by
Blackwell reported “Since I’'m going to be playing with
a bunch of Americans anyway—and I can choose to get
treated like a black person or not get treated like a black
person—I’m probably going to choose not to get treated
like a black person.” (Blackwell 2019, pp. 13). To date,
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it is unclear whether and how these experiences might
impact the level of presence felt by different racial groups
while in VR.

Empirical evidence on whether racial groups experience
different levels of presence is scarce. The lack of informa-
tion on this topic likely reflects the limited diversity of
participants included in the research (Parsons and Rizzo
2008). For example, in research investigating the pres-
ence associated with embodying male or female hands,
all hands were rendered with a White skin tone and only
White participants were included (Schwind et al. 2017).
Moreover, when participants of other races are included in
research, they are often in such small numbers that statisti-
cal comparisons are inconclusive. For example, Beverly
et al. (2021) had less than five participants in each racial
category other than White. This study is notable because
the authors did explore potential racial differences in their
dataset, but given that these analyses were underpowered,
it is perhaps unsurprising that they found no significant
racial differences in environmental presence. Similarly, in
a small sample of Black and White hemodialysis patients,
no statistically significant racial differences were found
in presence during a VR mindfulness intervention (Her-
nandez et al. 2021). In a more well-powered study, other
researchers found no reported differences in environmental
presence between ethnic groups in Israel (Arab vs Jewish;
Almog et al. 2009). To our knowledge, there is no existing
research examining racial differences in social presence.
Generally, our survey of the literature suggests that the
lack of reporting of racial differences is likely due to a lack
of data, rather than indicating an inherent lack of group
differences.

Table 1 Characteristics of the VR environment for each research study

3 Method

The current analysis included data from seven experimental
trials conducted for other purposes (see Table 1) between
2009 and 2020 through the Immersive Simulation Pro-
gram at the National Human Genome Research Institute,
National Institutes of Health. All samples were indepen-
dently recruited. All research participants were recruited
from the local community. VR use occurred within the pro-
gram’s lab facility within the Clinical Center at the National
Institutes of Health main Bethesda MD campus. Participants
in all studies provided informed consent to participate were
compensated for their participation, and all studies were
approved by the relevant institutional review board.

Each study employed one of two types of VR settings:
a buffet restaurant environment called the VR Buffet (Per-
sky et al. 2018) or a clinical exam room environment. Both
VR programs were created using the Vizard virtual reality
platform. These studies were selected because they admin-
istered self-report measures of environmental presence and/
or social presence and recorded participants’ self-reported
age, gender, and race.

3.1 VR environments
3.1.1 The VR buffet

The VR Buffet is a simulated buffet restaurant in which
parental food choices for their child are assessed by track-
ing parents’ virtual food selections (Fig. 1; Persky et al.
2018). Participants’ physical movements drive the view-
point in the virtual world such that walking around the
physical room corresponds to walking around the virtual
buffet. Participants make food selections at the virtual

Year Content Locomotion Headset

Type of presence

Description of study

Study 1 2009 Virtual clinic Walking Nvisor SX60

Study 2 2011 VR Buffet Walking Nvisor SX60

Study 3 2012 Virtual clinic None Nvisor SX60  Social
Study 4 2014 Virtual clinic None Nvisor SX60  Social
Study 5 2017 VR Buffet Walking HTC Vive

Study 6 2019 VR Buffet Walking HTC Vive

Study 7 2020 Virtual clinic None HTC Vive Pro Social

Environmental

Environmental

Environmental

Environmental and Social Assess medical student reaction to a White, female

virtual patient’s weight in a clinical scenario

Measure influence of child risk information provision
on mothers’ feeding behavior

Assess reaction of women with overweight to a White,
male virtual provider’s messages

Assess reaction of women with overweight to a White,
male virtual provider’s messages

Measure influence of messages about child diet on par-
ent feeding behavior

Measure influence of child risk information provision
on parents’ feeding behavior

Assess medical student use of virtual patient’s genomic
risk information in the clinical scenario. Virtual
patients were randomized to appear Black or White
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Fig. 1 Screenshots of buffet and clinical VR environments

buffet using a controller and select a virtual cash register
to indicate completion.

3.1.2 VR dinical simulations

Several VR clinical simulations are included in which
participants are immersed in a virtual medical exam
room as either the healthcare provider or patient and
asked to interact verbally with a virtual human playing
the opposite role. When physician-trainees (as opposed
to patients) are the users, they are also asked to read the
virtual patient’s medical records on a virtual computer
monitor or tablet situated within the VR environment. A
research assistant controls the pre-recorded statements
of the virtual human interaction partner. In most cases,
users are seated in this virtual environment, although
there is also a version in which users can walk around
and approach their virtual interaction partner (Fig. 1).

3.2 VR equipment

All studies were conducted within the same physical
lab environment which consisted of a room fitted with
a six degrees of freedom (6-DOF) VR headset system.
The headset and equipment in use differed across studies
(see Table 1). The earlier VR system included an nVisor
SX60 headset with a WorldViz Precision Point Tracking
System. A hand-held presentation pointer was modified
to provide hand control of the selection tool in the VR
Buffet environment. Later systems included an HTC Vive
headset with an integrated tracking system or an HTC
Vive Pro headset with its integrated tracking system. In
both cases, the relevant Vive/Vive Pro controllers were
used for hand control when needed.

3.3 Measures

3.3.1 Environmental presence

For study 1 participants responded to 19 items from the
Presence Questionnaire (Witmer and Singer 1998) on a
7-point scale. Participants’ responses to questions 14, 17,
and 18 were reverse coded and items were averaged to give
a mean environmental presence score out of 7. For studies 2,
5, and 6 participants responded to five questions measuring
environmental presence: (1) “To what extent did you feel
involved in the virtual world?,” (2) “To what extent did you
feel like you were inside the virtual world?,” (3) “To what
extent did you feel surrounded by the virtual world?,” (4)
“To what extent did it feel like you visited another place?,”
and, (5) “How much did the virtual world seem like the
real world?” (Fox et al. 2009). Individual studies used slight
variations in phrasing (see Appendix A for exact phrasing).
Participants responded on a 5-point scale (1 =Not at all,
2 =Slightly, 3 =Moderately, 4 = Very Much, 5 =Extremely).
Responses were averaged to give a mean environmental
presence score out of 5.

3.3.2 Social presence

For studies 1, 3, 4, and 7 participants responded to three
questions adapted from Bailenson et al. (2005) measuring
social presence. The phrasing of these questions differed
depending on whether the participant was taking on the
role of a patient or a physician: (1) “Even when my [doctor/
patient] was present, I still felt alone in the virtual room.,”
(2) “I felt like there was someone else in the clinic room
with me.,” and, (3) “I felt like my [doctor/patient] was aware
of my presence in the room.” Individual studies used slight
variations in phrasing (see Appendix A for exact phrasing).
Participants for studies 1, 3, and 4 responded on a 7-point
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Table 2 Participant

. Study Age (years) Gender (N, %) Race (N, %)
demographics
Mean (SD) Range Women Men White Black Asian Other

1 26.36 (2.46) 20-40 100 (50%) 100 (50%) 111 (55%) 32(16%) 43 (22%) 14 (7%)
2 37.50 (5.62) 2149 221 (100%) 0(0%) 114(52%) 81(37%) 5Q2%) 21 (10%)
3 34.77 (8.82) 20-50 200 (100%) 0 (0%) 59 (30%) 109 (55%) 9 (4%) 23 (11%)
4 352(9.25) 20-50 201 (100%) 0 (0%) 89 (45%) 87 (44%) 9(4%) 13 (7%)
5 37.70 (5.75) 23-56 124 (66%) 64 (34%) 87 (47%) 47 (25%) 27 (14%) 26 (14%)
6 39.46 (6.40) 24-71 98 (52%) 92 (48%) 125(66%) 33 (17%) 19 (10%) 13 (7%)
7 26.28 (2.21) 23-38 51 (63%) 3037%) 34(43%) 16 (20%) 25(31%) 5 (6%)
Some participants chose not to report their age, gender and/or race. N for each demographic comparison is
therefore provided in the tables below

Table 3 Correlation with age N . » Table 4 Results from ANOVA by gender

Environmental presence

Study 1 200 -.08 252
Study2 218 —.16  .021
Study 5 188 —.004 .962

Study 6 190 .04 .546
Social presence

Study 1 200 —.08 243
Study 3 199 -.03 .663
Study 4 201 .05 459
Study 7 81 -21 .055

from 1=strongly disagree to 7 =strongly agree, while par-
ticipants for study 7 responded on a binary scale Agree/
Disagree. Participants’ responses to question 1 were always
reverse coded and scores were averaged to give a mean
social presence score.

3.4 Demographic variables

Participants self-reported their age, gender, and race (see
Table 2). In order for a racial group to be considered for
analysis within a given study at least 10 participants in the
study needed to identify with that race.

4 Results

We first examined zero-order correlations between presence
and age for each study (see Table 3). Second, when studies
contained participants of multiple genders, we conducted
one-way ANOVAs examining the relationship between
participant gender and presence (see Table 4). Third, we
conducted one-way ANOVAs examining the relationship
between participant race and presence. When there were
three racial groups, we examined planned contrasts to assess
differences between individual racial groups (see Table 5).
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Mean (standard deviation) ANOVA

Women Men N F P

Environmental presence

Study 1 4.11 (0.68) 4.33 (0.60) 200 5.79 .017
Study 5 3.83 (0.80) 3.57 (0.87) 188 4.19 .042
Study 6 4.16 (0.60) 3.85(0.77) 190 9.99 .002
Social presence

Study 1 4.67 (1.22) 4.75 (1.13) 200 0.23 .631
Study 7 2.51 (0.86) 2.17 (1.12) 81 241 125

R code and data for analyses for studies 1-7 are publicly
available via OSF (https://osf.io/pd3bk/?view_only=f305a
aadel1584a2a8413bee8cfa05ce2).

In all analyses, we retained all original scale items and
response options (without transformation) since these may
influence participant responses (Rivers et al. 2009). For this
reason, we caution readers that it is not possible to compare
raw presence scores between included studies. We provide
meta-analyses for this purpose.

We conducted random effects meta-analyses (DerSimo-
nian and Laird 1986) using Comprehensive Meta-Analysis
V3 (CMAV3) software (Borenstein et al. 2006) to determine
the overall differences in presence based on demographic
variables. Meta-analysis can combine studies that use dif-
ferent measures by transforming the effect sizes from each
study into a common metric. This common metric is then
used to calculate a summary estimate of the effect size across
all studies. This allows for the comparison of effect sizes
across studies that use different measures including continu-
ous and binary outcomes. The meta-analyses on gender and
race were performed using the common metric Cohen’s d.
The meta-analysis on age converted correlations into the
common metric Fisher’s z for analysis but uses Pearson’s
r for interpretation. In both cases, the transformed effect
sizes were then weighted based on the precision of the esti-
mate from each study. This weighting ensured that studies
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Table 5 Results from ANOVA

Mean (standard deviation) ANOVA Pairwise comparisons
by race (p-values)

White Black Asian N F W versus B W versus A
Environmental presence
Study 1  4.20(0.60) 4.41(0.61) 4.18(0.78) 186 1.56 213 229 984
Study 2 3.73(0.71) 4.11 (0.65) - 195 13.97 <.001 - -
Study 5 3.61(0.85) 3.97(0.79) 3.70(0.84) 160 2.84 .061 .048 .893
Study 6  3.94 (0.68) 4.34(0.68) 3.86(0.75) 176 5.15 .007 .007 .899
Social presence
Study 1 4.62(1.20) 4.96(1.12) 4.87(1.13) 186 1.42 245 307 .449
Study 3 4.87(1.44) 5.67 (1.18) 168 15.06 <.001 - -
Study 4 4.65(1.38) 5.19(1.45) - 176 6.46 012 - -
Study 7 2.18 (1.19) 2.81(0.40) 2.36 (0.86) 84 2.36 .101 .082 751

When comparing individual study analyses to the associated meta-analysis, please note that omnibus
ANOVA p values will be equivalent for single race comparisons (see studies 2, 3, and 4). However, when
there are multiple racial comparisons (see studies 1, 5, 6, and 7) pairwise comparisons include a correction
for multiple comparisons which will make the p values larger (more conservative) than the associated p

values in the meta-analysis

with larger sample sizes and smaller standard errors have a
greater impact on the overall summary estimate.

When multiple measures of presence were reported for
a single study (i.e., for Study 1), we combined them into a
single measure when deriving the overall effect of demo-
graphic variables. This is a conservative approach to ensure
that our analyses did not assign more weight to this study
simply because it has more outcome measures. Post hoc
power analyses for these meta-analyses were conducted
according to Valentine et al. (2010) and assumed moder-
ate heterogeneity (moderate variation in study outcomes).
For power analysis syntax see Quintana and Tiebel (2019).
To explore whether the demographic differences in pres-
ence may differ for environmental vs. social presence, we
conducted moderator subgroup analyses with mixed-effects
models and included both outcome measures from Study 1.
To explore whether the demographic differences in pres-
ence may differ between more recent research and older
research, we conducted moderator subgroup analyses with
mixed-effects models comparing the results of studies 1-4
with studies 5-7. Studies in the ‘older’ group employed VR
technology that predated consumer adoption; studies in the
‘newer’ group employed HTC Vive VR technology. We pro-
vide a public copy of the CMAv3 datafile on OSF to allow
readers to replicate these analyses (https://osf.io/pd3bk/?
view_only=f305aaade1584a2a8413bee8cfal5ce2).

4.1 Age

The relationship between age and presence was generally
null but occasionally negative (see Table 3). Out of the
four studies that measured environmental presence, one
found a significant negative relationship with age (study 2,

r=-—0.16, p=0.021) and the others found no relationship.
Within the four studies that measured social presence, one
trended in a negative direction but did not reach statistical
significance (study 5, r=—0.21, p=0.055) and three found
no relationship.

A meta-analysis found no overall relationship between
age and presence (r=-0.05, 95% CI [-0.11, 0.02],
p=0.171, k=7). This analysis was estimated to have 14%
power to detect an effect size of this small magnitude. The
null relationship between age and presence remained con-
sistent regardless of the type of presence measured (environ-
mental vs. social; Q(1)=0.007, p=0.932). There was nei-
ther a significant correlation between age and environmental
presence (r=—0.05, p=0.227, k=4) nor social presence
(r=-0.05, p=0.300, k=4, see Fig. 2). Subgroup moderator
analyses comparing older studies (1-4) with newer studies
(5-7) found no statistical difference between the strength
of the relationship between age and presence based on the
date the study was conducted (Q(1)=0.08, p=0.777). The
relationship between age and presence was not significant
for older studies (r=—0.6, p=0.196), nor for newer studies
(r=-0.04, p=0.093).

4.2 Gender

The relationship between presence and gender was explored
in studies 1, 5, 6, and 7, because other studies included
only female participants. Gender differences in presence
appeared in studies that measured environmental presence,
but not those which measured social presence (see Table 4).
However, the direction of the gender differences in environ-
mental presence was inconsistent. In study 5 and study 6,
women reported significantly more environmental presence
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Study name Group by Statistics for each study Correlation and 95% CI

Presence Type

Lower Upper
Correlation  limit limit Z-Value p-Value

Study1(Environmental) Environmental -0.080 -0.216 0.059 -1.125 0.260
Study 2 Environmental -0.160 -0.287 -0.028 -2.366  0.018 -
Study 5 Environmental -0.004 -0.147 0.139 -0.054 0.957
Study 6 Environmental 0.040 -0.103 0.181 0.547 0.584

Environmental -0.054 -0.141 0.034 -1.207 0.227
Study 1 (Social) Social -0.080 -0.216 0.059 -1.125 0.260
Study 3 Social -0.034 -0.172 0.106 -0.476 0.634
Study 4 Social 0.050 -0.089 0.187 0.704 0.481
Study 7 Social -0.210 -0.410 0.009 -1.883 0.060

Social -0.049 -0.139 0.043 -1.037 0.300

-1.00 -0.50 0.00 0.50 1.00

Negative Correlation Positive Correlation

Fig.2 Forest plot depicting the correlation between age and presence

than men (study 5, F=4.19, p=0.042; study 6, F=9.99,
p=0.002), but in study 1 men reported significantly more
environmental presence than women (F=5.79, p=0.017).
No significant gender differences in social presence were
found.

A meta-analysis found no overall difference between men
and women’s’ reported presence (d=0.21, 95% CI [-0.15,
0.57], p=0.253, k=4). This analysis was estimated to have
43% power to detect an effect size of this magnitude. The
null difference in men and women’s presence remained con-
sistent regardless of the type of presence measured (social
vs. environmental; Q (1)=0.013, p=0.910). There was nei-
ther a significant difference between men and women for
ratings of environmental presence (d=0.14, p=0.579, k=3)
nor social presence (d=0.10, p=0.620, k=2, see Fig. 3).
Subgroup moderator analyses comparing older studies
(1-4) with newer studies (5-7) found a significant differ-
ence between the strength of the relationship between gender
and presence based on the date the study was conducted

(Q(1)=17.77, p<0.001). In more recent studies, women
reported significantly more presence than men (d=0.38,
p <0.001), whereas for study 1 (the only older study that
included both genders), men reported more presence than
women (d=-0.21, p=0.039).

4.3 Race

Out of the four studies that measured environmental pres-
ence, three found that Black participants reported higher
presence than White participants (study 2, p <0.001; study
5, p=0.048; study 6, p=0.007) while the other found no
relationship (study 1, see Table 5). Within the four studies
that measured social presence, two also found that Black
participants reported significantly higher presence than
White participants (study 3, p <0.001, study 4, p=0.012).
No differences in presence were found between White and
Asian participants for any study.

Study name Group by Statistics for each study
Presence
Std diff Standard Lower  Upper
in means error Variance  limit limit
Study1(Environmental) Environmental -0.343 0.142 0.020 -0.622 -0.064
Study 5 Environmental 0.315 0.155 0.024 0.012 0.619
Study 6 Environmental 0.451 0.147 0.022 0.163 0.739
Environmental 0.139 0.251 0.063 -0.352 0.631
Study 1 (Social) Social -0.068 0.141 0.020 -0.345 0.209
Study 7 Social 0.353 0.232 0.054 -0.101 0.807
Social 0.102 0.207 0.043 -0.303 0.507

Std diff in means and 95% CI

Z-Value p-Value
-2.408 0.016
2.038 0.042
3.067 0.002
0.555 0.579
-0.481 0.631
1.522 0.128
0.495 0.620
-1.00 -0.50 0.00 0.50 1.00

Men > Women Women > Men

Fig.3 Forest plot depicting standardized mean difference (Cohen’s d) in reported presence for Women compared to Men
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Two meta-analyses were conducted to determine whether
there were racial differences in presence: first comparing
Black and White participants, second, comparing Asian and
White participants. In both of these analyses, effect sizes
indicate the differences in reported presence between White
participants and Black or Asian participants. Positive effect
sizes indicate that non-White participants report higher
levels of presence than White participants, while negative
effects indicate that non-White participants report lower lev-
els of presence than White participants.

Overall, Black participants reported significantly more
presence than White participants (d=0.50, 95% CI [0.36,
0.63], p<0.001, k=7). This analysis was estimated to
have 100% power to detect an effect size of this magnitude.
The difference in Black and White participants’ presence
remained consistent regardless of the type of presence meas-
ured. Black participants reported significantly higher levels
of environmental presence (d=0.49, p=<0.001, k=4) and

social presence (d=0.46, p=<0.001, k=4) compared to
White participants.

Overall, Asian participants did not report significantly
different levels of presence compared to White partici-
pants (d=0.08, 95% CI [-0.13, 0.29], p=0.464, k=4).
This analysis was estimated to have 18% power to detect an
effect size of this magnitude. The null difference between
Asian and White participant’s presence remained consist-
ent for environmental (d=0.02, p=0.880, k=3) and social
presence (d=0.20, p=0.172, k=2). Racial differences in
presence were not moderated by the type of presence meas-
ured (social vs. environmental; Qp;,.(1)=0.058, p=0.810;
Ousian(1)=0.921, p=0.337; see Fig. 4).

Subgroup moderator analyses comparing older studies
(1-4) with newer studies (5-7) found no statistical differ-
ence between the strength of the relationship between race
and presence based on the date the study was conducted
(0O(1)=0.08, p=0.781). Black participants reported more

a
Study name Group by Statistics for each study
P T
resence Type Std diff  Standard
in means error Z-Value p-Value
Study 1 (Environmental) Environmental 0.35 0.20 1.75 0.079 -
Study 2 Environmental 0.55 0.15 3.74 0.000
Study 5 Environmental 0.43 0.18 2.37 0.018
Study 6 Environmental 0.59 0.20 2.96 0.003
Environmental 0.49 0.09 5.52 0.000
Study 1 (Social) Social 0.29 0.20 1.45 0.147 .
Study 3 Social 0.63 0.17 3.79 0.000 s E—
Study 4 Social 0.38 0.15 2.51 0.012 —_—l—
Study 7 Social 0.62 0.31 2.01 0.044 B
Social 0.46 0.09 495  0.000 [
-1.00 -0.50 0.00 0.50 1.00
White > Black Black > White
b
Study name Group by Statistics for each study
Presence Type )
Std diff Standard
in means error Z-Value p-Value
Study 1 (Environmental) Environmental 0.03 0.17 017 0862 s
Study 5 Environmental 0.11 0.22 0.48 0.630 .
Study 6 Environmental -0.12 0.25 -047 0.638 .
Environmental 0.02 0.12 015  0.880 -
Study 1 (Social) Social 0.21 0.17 1.21 0.225 -
Study 7 Social 0.17 0.26 0.64 0.521 .
Social 0.20 0.15 1.37 0.172 ~ |
-1.00 -0.50 0.00 0.50 1.00
White > Asian Asian > White

Fig.4 a Forest plot depicting standardized mean difference (Cohen’s
d) in reported presence for Black participants compared to White par-
ticipants. b Forest plot depicting the standardized mean difference

(Cohen’s d) in reported presence for Asian participants compared to
White participants
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presence than White participants in older studies (d=0.48,
p<0.001), and in newer studies (d=0.52, p <0.001).

5 Discussion

Data from seven independent studies and associated meta-
analyses revealed that, on average, participants’ feelings
of presence were unrelated to participants’ age and gender
but differed by participants’ self-identified race. Black par-
ticipants reported approximately half a standard deviation
more presence than White participants, and this result was
consistent across both social and environmental presence.
To our knowledge, this is the first empirical exploration of
racial differences in presence with sufficient power to find
differences of this magnitude. Although our results require
replication, they indicate that researchers, practitioners, and
regulators may need to consider the potential for racial dif-
ferences in presence when evaluating the efficacy of VR
applications in future. Many VR applications require users
to experience a high level of presence in order to be effec-
tive (Slater et al. 1996; Wallis and Tichon 2013; Kim and
Biocca 1997; Barreda-Angeles et al. 2020). Although the
racial differences in presence reported here will not neces-
sarily translate into differential efficacy of VR-based tools,
this possibility should be explored in future experimental
research.

In line with our own results, existing research on gender
differences in presence has also found mixed results. An
examination of existing literature suggested that women may
report higher feelings of social presence and men higher
environmental presence (especially in interactive VR expe-
riences that require the manipulation of objects), although
we explored this possibility within our dataset, we found no
evidence for this trend. However, it is important to note that
our analyses of gender were insufficiently powered because
several of our samples were of women only and therefore
could not be included in these particular analyses. We call
upon researchers to continue to examine gender differences
in presence. Given that VR research is frequently conducted
with people of all genders, a systematic review and meta-
analysis of existing literature appears warranted and would
likely provide a more robust test of whether gender differ-
ences depend on the type of presence in question. In addi-
tion, it remains likely that other moderating variables may
explain these mixed results for gender. Particularly, the spe-
cific tasks participants were completing, participant’s per-
ceived or actual competence at the tasks, or other contextual
variables that we did not measure. We speculate on how
the nature of the VR tasks we included may have impacted
gender differences in presence in more detail below.

Also, in line with previous research, we find that the
relationship between age and presence was not statistically
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significant, but trending negative for both social and environ-
mental presence. Although our age analyses were powered
to find a relatively small effect, our age range was often con-
strained to adults in their 20 s and 30 s. Therefore, our result
indicating that age does not predict a significant reduction in
presence is constrained to this age bracket, but we acknowl-
edge that presence may differ far more widely in children or
older adults. We call on future research to investigate differ-
ences in presence across the entire lifespan.

In addition to these constraints upon our conclusions,
the data reported here were not collected with the intention
of determining why demographic differences in presence
might occur; but simply to determine whether such differ-
ences exist. There is a multitude of pathways through which
age, gender, and/or race may influence people’s likelihood
of experiencing and reporting presence in VR. For example,
attitudes toward and familiarity with the VR content (Taylor
et al. 2020; Ross et al. 2006), differences in mental imagery
(Iachini et al. 2019; Isaac and Marks 1994), and cultural dif-
ferences in reporting tendencies (Landrine and Corral 2014).
Moreover, given the correlation between demographic social
constructs and physical differences in body size and propor-
tions (e.g., gender, Stanney et al. 2020), it is possible that our
social categories are simply a poor proxy for physical differ-
ences that might impact what different bodies are afforded
by VR. Importantly, it is likely the case that various factors
impact presence simultaneously, working together and/or in
opposition with one another.

Although we did not seek to test why demographic differ-
ences in presence occur, we offer some potential theoretical
explanations in the hope that future research might explore
these possibilities. One potential causal mechanism is that
different demographic groups are impacted differentially by
cybersickness. Presence is generally negatively related to
cybersickness (Weech et al. 2019) as the distracting effects
of cybersickness suppress attention to the VR environment
that is required for presence to occur (Witmer and Singer
1998; Usoh et al. 2000; Nichols et al. 2000). Cybersickness
propensity has been found to differ by age (Petri et al. 2020;
Arns and Cerney 2005; Knight and Arns 2006; although see
Saredakis et al. 2020), gender (Petri et al. 2020; Gongalves
et al. 2018; Jun et al. 2020; Shafer et al. 2017; Saredakis
et al. 2020), and race (Martingano et al. 2022). Given the
negative relationship between cybersickness and presence,
older, female, and White VR users may be at risk of expe-
riencing less presence in VR. We find evidence consistent
with these expectations for race, but not age or gender. In
combination with limited power, the VR environments we
used triggered very low levels of cybersickness which may
limit our ability to detect demographic differences in pres-
ence. Interestingly, a recent study found that ensuring head-
set fit eradicated demographic differences in cybersickness
(for gender at least, Stanney et al. 2020). Potentially age
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and racial differences in cybersickness could be similarly
reduced by ensuring headsets fit diverse bodies. To the
extent that demographic differences in presence may result
from differences in cybersickness, examining whether erad-
icating cybersickness has a knock-on effect in increasing
presence among at-risk groups is an interesting avenue for
future research.

Another explanation for demographic differences in pres-
ence may be that different demographic groups experience
different levels of emotional arousal while in VR. Previ-
ous research has indicated that presence can be increased
by inducing anxiety (Bouchard et al. 2008), and so higher
presence may reflect higher levels of anxiety in a given situ-
ation. It is also possible, however, that there is an optimum
level of arousal for experiencing presence in VR. Following
Yerkes-Dodson Law (Yerkes and Dodson 1908), too much
and too little arousal may negatively impact the experience
of presence. Although it is difficult to theorize in advance
which VR environments would likely trigger the optimum
level of arousal for different demographic groups, this causal
mechanism would suggest that demographic differences in
presence would manifest most dramatically when using tasks
that are skewed in design to be more emotionally arousing
for one particular gender, race, and/or age.

Although the VR experiences used in our research were
not deliberately designed to be more familiar or arousing
for any particular demographic group, thoughtful considera-
tion after-the-fact yields some potential differences in this
regard. Our VR clinical experience often involved interracial
interactions (users were assigned to interact with a Black or
White avatar, who, by chance, may have been of a differ-
ent race to themselves). VR interracial interactions can be
anxiety-provoking for White, Black, and Asian participants
alike, albeit for different reasons (Taylor et al. 2020). It is
possible that presence may be enhanced by this anxiety and
perhaps disproportionately more for our Black users—who
ultimately reported significantly higher levels of presence in
our studies. However, it is worth noting that the racial differ-
ences in presence observed with our data do not appear to be
driven only by studies that involved interracial interactions
(study 1, 3, 4 and 7) as we also find them in studies involving
the virtual buffet (study 2, 5, and 6) which did not involve
social interaction. In the buffet, there were virtual humans
representing multiple skin colors visible in the background,
and however, the focal virtual human, the cashier, appeared
as a White woman. This could elicit feelings of being in a
White dominated space. In addition, the buffet environment,
although not obviously gendered, was used in child feeding
research. Users were asked to make a meal for their children
using the options available. Mothers are more likely to be
responsible for the day-to-day feeding decisions of children
than fathers (Rahill et al. 2020) and may find this task more
familiar.

In addition, because mothers generally assume this
responsibility for their child’s diet, they may feel more guilt
and pressure to perform “well” on this task. This heightened
emotional arousal may lead to higher feelings of presence in
the buffet environment. In line with this theorizing, we found
that women reported significantly more presence than men
when using the VR buffet (study 5 and 6). Finally, all of our
research studies were conducted within a US government-
funded medical facility (NIH, Bethesda campus). Given his-
torical inequities in healthcare for both women and racial
minorities (e.g., Hoffman et al. 2016; Alcalde-Rubio et al.
2020), it is possible that research in this environment may
have led to heightened levels of arousal in these traditionally
marginalized groups.

Although the ideas discussed above are post hoc, we
strongly urge VR designers and researchers to deeply evalu-
ate whether the VR environments they are creating and their
testing environments might be emotionally more arousing
for specific demographic groups.

6 Importance of evaluating demographic
differences in presence

Given the increased prevalence of VR for therapeutic,
educational, and other ‘serious’ purposes, it is becoming
increasingly important to ensure equity of access to this
technology across demographic groups. Feelings of pres-
ence are essential to the success of many VR outcomes (e.g.,
Barreda—Angeles et al. 2020; Slater et al. 1996; Triberti
et al. 2014; Wallis and Tichon 2013). Therefore it is criti-
cal to ensure that presence is aroused across different ages,
genders, and racial groups to provide equity of access for
all. This research provides an important first step in high-
lighting potential areas for improvement in this regard. Of
particular note, is the appearance of racial differences that
occur consistently for both social presence and environmen-
tal presence. To date, racial differences in presence have
been vastly under-researched, with the current study form-
ing one of only a handful of studies that have investigated
this issue. We call upon VR researchers to routinely recruit
more racially diverse samples and also for researchers in this
area to design studies specifically to address potential racial
differences in presence as well as potential knock-on effects
on the efficacy of VR interventions.

Although gender and age differences in presence have
been investigated more frequently, there is also room for
improvement in these areas. Much of the research on gender
and age differences in presence has been conducted over a
decade ago. Developments in both hardware and software
in recent years may render these findings obsolete. Indeed,
recent research on age differences in presence has often not
replicated the differences found in earlier research (e.g.,
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Corriveau Lecavalier et al. 2020; Mitzner et al. 2021). We
found some limited suggestion that gender differences in
presence may manifest differently in modern VR. However,
this result is limited to a single study comparison and so
requires further investigation before any concrete conclu-
sions can be made. This result, however, highlights the
importance of continued research into the potential for
demographic differences in presence. Feelings of pres-
ence are the product of an interaction between VR tech-
nology, content, and user characteristics, and therefore, as
the technology evolves over time, it is reasonable to assume
that demographic trends in presence may also change. In
response, researchers should continue to explore potential
emergence of demographic differences alongside technologi-
cal advancements.

7 Limitations

Our data suggest that there are significant demographic dif-
ferences in presence, at least in terms of race, with Black
participants reporting approximately half a standard devia-
tion more presence than White participants. Limitations in
our samples regarding gender and age (discussed above) pre-
vent firm conclusions from being drawn regarding these null
effects. But even in terms of race, there are important limita-
tions that should be considered when interpreting our results.
We excluded participants who did not identify as Asian,
Black, or White from the current analyses. This decision
was made to ensure we had greater power to detect racial
differences in presence. However, we are therefore unable to
make any conclusions about racial groups that were not well
represented in our samples. Future research should attempt
to oversample non-White populations to achieve a sufficient
sample size for other racial comparisons. Another limitation
is that we excluded individuals who identified as more than
one race. This may have artificially created distinct racial
groups that in reality are much less coherent and discrete. It
is also worth noting that American participants represent a
society that is not typical of the world’s population, which
limits its representativeness (Henrich et al. 2010; Rad et al.
2018), and therefore, there is no reason to expect these same
racial differences would be found outside of a US context.
In addition to our sample limitations, we relied on short,
self-report measures of social and environmental presence
adapted from existing measures (Fox et al. 2009; Bailenson
et al. 2005). Although these measures are relatively com-
monly used, they are not officially validated. Other more
comprehensive measures of presence exist including Wit-
mer-Singer (Witmer and Singer 1998), Slater-Usoh-Steed
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[SUSt, Usoh et al. (1994), ITC-Sense of Presence Inven-
tory (Lessiter et al. 2000)]. We used the full Witmer—Singer
questionnaire to measure environmental presence in study 1.
This study followed the same trend as others for age and race
but did differ in terms of gender. It is possible that gender or
other differences in environmental presence may be meas-
ure-dependent. The Witmer—Singer measure also includes
subscales (Control Factors, Sensory Factors, Distraction
Factors, and Realism Factors, Witmer and Singer 1998), and
potentially demographic differences in presence may occur
more strongly for some of these factors than others. Future
research could explore this possibility. Moreover, in future,
objective measures of presence may also be possible, such
as changes in heart rate (Meehan et al. 2002) or EEG signal
power (Athif et al. 2020) which would reduce the possibility
that demographic differences in presence are a product of
reporting differences. At present, such measures still require
robust validation.

8 Conclusion

In conclusion, our data provide the first indication that pres-
ence may differ by race, as well as contributing to a mixed
and conflicted literature on age and gender differences in
presence. Future research opportunities include a wider sys-
tematic review and meta-analysis examining each of these
demographic characteristics in the existing literature. Addi-
tionally, researchers may want to explore the impact that
manipulating anxiety and cybersickness levels could have
on presence, with the hope that minimizing differences in
these regards may have the knock-on effect of equalizing
presence across groups. Keeping in mind the importance
of presence for the efficacy of VR tools and experiences, it
is important for future research to explore how to mitigate
such differences to ensure equity in future VR interventions.

9 Disclaimer
The mention of commercial products, their sources, or their
use in connection with material reported herein is not to be

construed as either an actual or implied endorsement of such
products by the Department of Health and Human Services.

Appendix A

See Table 6.
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Table 6 Presence measures

Study  Presence Items

Response scale

Study 1 Environmental 19 items from the Presence Questionnaire (Witmer and

Singer 1998)

Social
virtual room

Even when my patient was present, I still felt alone in the

7-point scale

1 =strongly disagree 7 =strongly agree

I felt like there was someone else in the clinic room with

me

I felt like my patient was aware of my presence in the

room

Study 2 Environmental To what extent were you involved in the virtual world?
To what extent did you feel like you were inside the

virtual world?

1=Not at all, 2=Slightly, 3 =Moderately, 4 = Very Much,
5=Extremely

To what extent did you feel surrounded by the virtual
world? 4) To what extent did it feel like you visited

another place?

How much did the virtual world seem like the real world?

Study 3 Social
virtual room

Even when the doctor was present, I still felt alone in the

1 =strongly disagree 7 =strongly agree

I felt like the doctor was in the clinic room with me
I felt like the doctor was aware of my presence in the

room
Study 4 Social

Even when the doctor was present, I still felt alone

1 =strongly disagree 7 =strongly agree

I felt like the doctor was in the clinic room with me
I felt like the doctor was aware of my presence in the

room

Study 5 Environmental To what extent did you feel involved in the virtual world? 1=Not at all, 2= Slightly, 3=Moderately, 4 = Very Much,

To what extent did you feel like you were inside the

virtual world?

5=Extremely

To what extent did you feel surrounded by the virtual

world?

To what extent did it feel like you visited another place?
How much did the virtual world seem like the real world?

Study 6 Environmental To what extent were you involved in the virtual world?
To what extent did you feel like you were inside the

virtual world?

1=Not at all, 2 =Slightly, 3 =Moderately, 4= Very Much,
5 =Extremely

To what extent did you feel surrounded by the virtual

world?

To what extent did it feel like you visited another place?
How much did the virtual world seem like the real world?

Study 7 Social
virtual room

Even when my patient was present, I still felt alone in the Agree/disagree

I felt like there was someone else in the clinic room with

me

I felt like my patient was aware of my presence in the

room
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