
1 
 
 

 
   
 

 

 

 

 

Individual Differences and Contextual Influences on Group Behavior in Virtual Reality:  

An Exploratory Person-Environment Interactionist Perspective 

 

David M. Markowitz1, Gabriella M. Harari2, Eugy Han2, Mark R. Miller3, Cyan DeVeaux2, & 

Jeremy N. Bailenson2 

 

1 Department of Communication, Michigan State University, East Lansing, MI 48824 

2 Department of Communication, Stanford University, Stanford, CA 94305 

3 Department of Computer Science, Stanford University, Stanford, CA 94305 

 

Corresponding author: 

David M. Markowitz 

Michigan State University 

404 Wilson Road 

East Lansing, MI 48824 



2 
 
 

 
   
 

Abstract 

In virtual reality (VR), people can transform both who and where they are with the touch of a 

button. While many studies have examined each of these factors individually, few have 

examined how they interact. Person-environment (P-E) effects are critical to investigate because 

they can help scholars understand meaningful social and behavioral dynamics like group 

cohesion (e.g., entitativity), non-verbal social behaviors (e.g., social attention), and simulator 

sickness. We analyzed participant data from a large university course conducted in VR to 

understand how the interaction of individual level variables (e.g., personality) and environment 

level variables (e.g., the setting, spaciousness of the virtual environment) associated with such 

dynamics. A limited number of P-E effects emerged, including the idea that people high on 

extraversion in a panoramic environment reported the greatest entitativity. Implications of this 

interactionist perspective for exploratory social VR research, plus practical implications for 

collaboration in VR, are discussed. 
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Individual Differences and Contextual Influences on Group Behavior in Virtual Reality:  

An Exploratory Person-Environment Interactionist Perspective 

Virtual reality (VR) provides people with experiences that seem genuine but can be 

physically impossible in the real world. These unique experiences are facilitated by a range of 

VR affordances, which permit the perceptual immersion of its users and provide real-time 

reactions to their body movements. Over two decades of scholarship, for example, suggest that 

VR experiences can lead to prosocial behavior (Aitamurto et al., 2021; Herrera et al., 2018), bias 

mitigation (Peck et al., 2013), and recovery from self-harm (Kruzan et al., 2020). Such 

technology can be effective and engaging in educational settings (Moreno & Mayer, 2002; 

Parong & Mayer, 2018). People can learn about complex scientific topics like climate change 

and pro-environmental behaviors (Ahn et al., 2015; Markowitz et al., 2018), doctors can be 

trained on challenging medical procedures (Ruthenbeck & Reynolds, 2015), and construction 

site supervisors can receive vocational training (Francis & Paton-Cole, 2021), to list just a few 

examples. Together, a wealth of evidence suggests people learn in immersive VR and the 

technology creates psychologically impactful experiences (Bailenson, 2018a; Blascovich et al., 

2002). However, researchers know surprisingly little about how individual differences and one’s 

virtual environment interact to shape how people think, feel, and interact with others. To what 

extent do people vary in how they interact individually and in groups in VR, and what 

psychological mechanisms explain this variation? We address these questions by taking a 

person-environment (P-E) perspective to understand how participants experience small group 

social interactions in a VR classroom during an 8-week university course. 

 The idea of evaluating P-E effects in VR is timely and important for several reasons. 

First, most VR research considers mean differences across experimental groups to identify how 
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VR experiences change perceptions or behaviors. For example, consider studies that aim to 

understand how embodying different avatars affects behaviors (Van Der Heide et al., 2013; Yee 

& Bailenson, 2007). We understand these findings by averaging the results of people in VR 

studies out of convenience to create group means, though individuals embody such avatars, and 

it is unclear how characteristics of the participants and the environments they are placed in, 

jointly impact VR experiences. We address a key need in immersive VR research to focus on the 

interaction of the individual and their environment in shaping entitativity and non-verbal social 

behavior (e.g., how much people attend to others in an immersive VR experience).  

Second, immersive VR effects are often constrained by studies that occur in a laboratory 

setting. Participants may be placed in scenarios that are fantastical or difficult to replicate outside 

of the lab (Rosenberg et al., 2013), requiring additional research to assess the effectiveness of 

VR experiences outside of such laboratory environments. The current research examined 

participants who learned about VR while taking an academic course on VR, measuring how they 

interacted with others longitudinally and in a naturalistic setting. We therefore could examine 

individual differences and P-E effects outside of the lab, relieving ecological constraints of most 

immersive VR studies to date.  

Finally, most VR studies are intrapersonal (e.g., a participant has an experience that is 

unimpacted by others). As reviewed in other work (Han et al., 2022), few immersive VR studies 

are social in nature, in that users are rarely connected to each other and interacting dynamically 

in the same virtual environment. Against this backdrop, we provide one of the first immersive 

social VR studies to examine P-E effects, offering new insights into how the individual and their 

environment can impact interactions in social VR.  

We ground our work theoretically in Transformed Social Interaction (TSI) research. 
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Originally published in 2004, the framework helps scholars to understand how virtual systems 

can transform people and places during interpersonal communication, filtering and modifying 

cues in real time (Bailenson et al., 2004). The two parameters of the theory that are most relevant 

to the current work are transforming self-representation (e.g., the behavior and appearances of 

one’s avatars) and contextual situations (e.g., the characteristics of the perceived virtual 

location). Over the past twenty years, many studies have examined factors such as personality 

and spatial location individually (for a review, see P. Wang et al., 2024), but there is a lack of 

research integrating the parameters of TSI to study interaction effects. In the current work, we 

extend TSI by also measuring how contextual situation variables like setting (e.g., indoor or 

outdoor virtual environments) and spaciousness (e.g., limited or expansive field of view) interact 

with individual level variables (e.g., personality, demographics) in social VR. Altogether, TSI is 

a helpful framework to guide the selection of variables and methodologies to explicate the 

impact of contextual situations on downstream behaviors in VR (Bolouki, 2024; Han et al., 2023; 

M. Lee et al., 2022), which is why we apply and extend it in the present work.  

An Introduction to Virtual Reality: Affordances and Individual Differences 

Immersive VR is a communication medium that typically uses head and hand tracking to 

allow people to interact naturally within a virtual environment. This is typically made possible 

through head-mounted displays that offer stereoscopic, high-resolution images in a wide field of 

view and spatialized sound. Three affordances of immersive VR are central to the medium: 

presence, immersion, and embodiment. Presence is the psychological feeling of “being there” in 

a virtual environment (Green & McAllister, 2020; Heeter, 1992; K. M. Lee, 2004; Slater & 

Wilbur, 1997; Steuer, 1992), or the feeling of non-mediation. People who report high levels of 

presence (e.g., social presence, self presence, physical presence) tend to feel more engaged 
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during their virtual experience than people who report low levels of presence. This concept is 

often measured via self-report scales, though not without critiques (Slater, 2004), and is 

positively linked to how well the technology approximates human movements (Cummings & 

Bailenson, 2016).  

Technological immersion describes media quality, with those that can approximate head 

and hand movements more efficiently and accurately, considered to be more immersive (Slater & 

Wilbur, 1997). More immersive media (e.g., immersive VR versus desktop VR) can typically 

facilitate presence and a more seamless virtual experience than less immersive media. Finally, 

embodiment is the adoption of an avatar that can approximate one’s physical self (Ahn et al., 

2016; Peck & Good, 2023). Embodiment can create the illusion of body transfer, where people 

take on the characteristics of their avatar (Biocca, 1997; Botvinick & Cohen, 1998; Slater et al., 

2010). Together, while these affordances of immersive VR are presented as separate concepts, 

they occur simultaneously for users (e.g., the feeling of “being there” in an avatar’s body can 

occur with high-fidelity technology) and define experiences in the medium. Furthermore, 

advancements in conceptual (e.g., Bente et al., 2008; Slater, 2009; Slater & Steed, 2000) and 

technical (e.g., Newman et al., 2022; Slater et al., 2009) aspects of immersive VR have further 

enhanced immersion and the understanding of it, to offer an even more nuanced, multi-faceted 

understanding of users’ experiences. 

 In VR, the study of individual differences — personal traits or enduring characteristics 

that distinguish one person from other — has largely focused on four domains: (1) 

demographics, (2) personality traits, (3) cognitive and psychological factors, and (4) VR-specific 

characteristics (e.g., one’s proclivity to experience simulator sickness). For example, a recent 

paper studied VR driving simulations and observed that, consistent with evidence from offline 
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settings, male participants drove faster than female participants and older participants drove 

slower than younger participants (Maxwell et al., 2021). Other work has observed that affective 

perception and pleasantness of virtual touch was moderated by participant gender (Harjunen et 

al., 2017). One recent experiment has also observed that female participants performed 

differently than male participants in spatial updating when teleporting virtually (Cherep et al., 

2023). Across various VR scenarios and settings, gender has been shown to moderate VR effects 

and play a critical role in understanding how people behave in the virtual environment (Adamo-

Villani et al., 2008). However, the relevance of other demographics (e.g., ethnicity, age) are not 

as well understood (Katz et al., 2024; Schwebel et al., 2024), despite there being good reason to 

expect such factors shape VR and other mediated experiences (e.g., how avatars influence 

perceptions and behaviors) (Basu et al., 2016; Bowman et al., 2002; Moore et al., 2023; Oh et al., 

2016; Ratan et al., 2020). 

 Prior research also suggests that personality traits can predict individual effects and 

behaviors in VR (Kang et al., 2025; Y.-M. Wang et al., 2022; Widyanti & Hafizhah, 2022). For 

example, openness to experience has been shown to be an antecedent to feelings of presence 

(Weibel et al., 2010; Wirth et al., 2007). Similarly, another study showed that people who 

believed they had greater control over the outcome of their lives (i.e., a greater external locus of 

control) also tended to have a greater sense of body ownership in VR compared to those with 

lower control (Dewez et al., 2019). A recent experiment had actual burglars and university 

students as participants, measuring individual differences like personality and placing them into 

a VR task to “scout” a target for burglary (van Sintemaartensdijk et al., 2022). Participants role-

playing burglars, who were also high on an honesty-humility personality trait (Ashton et al., 

2014; K. Lee & Ashton, 2018), were less likely to spend time scouting a virtual environment for 
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something to steal and traveled less than burglars low on honesty-humility. Moreover, a recent 

study on the role of personality traits in avatar customization found that participants who scored 

high on Machiavellianism were more open to creating avatars that modified core aspects of their 

identity compared to those with high self-monitoring tendencies (Kang et al., 2025).    

 Another thread of research has explored how cognitive and psychological individual 

differences can shape performance and perceptions of VR experiences (Han et al., 2024; A. 

Lawson, 2025). In the context of using VR for education, executive function (i.e., the ability to 

focus on new information without distraction) and working memory capacity (i.e., how much 

information one can keep in their mind at a time) exhibited higher posttest learning performance 

(A. P. Lawson & and Mayer, 2025; A. P. Lawson & Mayer, 2024). Other scholars have explored 

the role of neurodiversity in sensory perception of VR (Boyd et al., 2018). Hence, one’s ability to 

process sensory information and learn within the perceptually demanding medium of VR can be 

affected by differences in cognitive factors. Performance can also be susceptible to psychological 

factors, such as computer anxiety. A recent experiment found that compared to those with low 

computer anxiety, participants with high computer anxiety had more difficulty completing tasks 

in VR and reported having a more negative view of their VR experience (Han et al., 2024).  

 Finally, another important individual difference pertains to VR-specific characteristics 

such as simulator sickness (Kourtesis et al., 2024). Simulator sickness refers to one’s 

experienced discomfort while in virtual environments, and is characterized by nausea, dizziness, 

eye-strain, and headaches. Women and females, on average, are more likely to report effects of 

simulator sickness than men and males in VR (Howard & Van Zandt, 2021; Weech et al., 2019), 

which may be explained by interpupillary distance differences between sexes and/or genders 

(Dodgson, 2004; Murray et al., 2017). A recent paper replicated this general trend using 80, 
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360°-video stimuli across the topics of people, animals, nature, and underwater scenes (Jun et al., 

2022), though the magnitude of the gender effects were small and only occurred in a small 

number of videos. Similarly, an analysis by Peck et al. (2020) suggested that when considering 

the small percentage of women in the experiments themselves, as well as possible response 

biases in admitting one is sick, these gender differences may be inflated. Simulator sickness is 

typically assessed using self-report measures (Kennedy et al., 1993) and often attenuates as one 

becomes more familiar with virtuality (Bailenson & Yee, 2006). 

 Altogether, research about individual differences in VR research has typically considered 

demographics, personality traits, cognitive and psychological factors, and certain VR-specific 

characteristics, such as one’s proclivity toward simulator sickness. Therein lies an opportunity to 

build on this empirical foundation and test how individual differences link to a variety of 

consequential outcomes, like group cohesion (e.g., entitativity), behavioral dynamics in social 

VR (e.g., social attention), and critically, how person-level factors and environment-level factors, 

systematically interact to produce P-E effects (e.g., Bailenson et al., 2004). 

Person-Environment Effects 

Person-environment (P-E) perspectives provide a means of understanding and assessing 

the factors that explain a behavior of interest (Endler & Magnusson, 1976; Walsh et al., 2014). 

Research on P-E interactions seeks to answer the following questions: To what extent do (1) 

characteristics of the individual person and/or (2) their surrounding environment independently 

shape behavior? Critically, P-E interaction research is most interested in: (3) How do the person 

and environment characteristics interact with one another to shape behavior?   

The majority of research relevant to P-E relations has focused on the environment in 

terms of the natural and built environment (e.g., the home, public places, workplaces, being in 
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nature) or psychological situations in which behaviors occur (e.g., situations perceived to be 

social) (Meagher, 2020; Oishi & Graham, 2010; Rauthmann et al., 2015). In general, such 

research demonstrates the effects of personality (e.g., extraverts tend to engage in more social 

behavior in general) and environments on behavior (e.g., people engage in more social behavior 

in certain situations) (Funder, 2009; Matz & Harari, 2021; Wrzus et al., 2016). Moreover, the 

interactive effects of persons and environments suggest that people with certain traits are more 

(or less) likely to engage in a behavior when in certain environments (e.g., increases in social 

behavior when in social situations is greater for extraverts) (Breil et al., 2019). Such insights are 

valuable for determining whether, and to what extent, person and environmental factors shape 

behavior. However, we are unaware of studies that have adopted a P-E perspective to explain 

behavior in immersive VR, except for some recent work (Han et al., 2023).  Understanding how 

individuals differentially behave based on location is especially important in VR, where both are 

malleable and can easily be transformed (Bailenson et al., 2004). 

Here, we use the lens of P-E interactions to explain the factors driving entitativity and a 

key behavior in VR which has been shown to have psychological importance on VR perceptions: 

non-verbal social behavior (see Bailenson, 2018a, Chapter 7 for a review). For our exploratory 

interests, we focus on demographic characteristics (gender, ethnicity) and personality traits (the 

Big Five) as person-level factors that may explain these perceptions and behaviors. The 

environment-level factors focused on the manipulation of the virtual environment because in VR, 

one’s environment can be modified in ways that the physical environment cannot. Specifically, 

the virtual environment refers to the virtual surroundings experienced within VR by the person 

using the headset, which can be characterized by various features (e.g., the setting or 

spaciousness of the virtual surroundings when a user interacts in VR). How the virtual 



 
 

 
   
 

11 

environment is presented to a user may be associated with different perceptions and social 

behaviors. For example, prior work suggests non-verbal synchrony increased between social VR 

users as the virtual space expanded (e.g., in constrained versus panoramic virtual views) (Han et 

al., 2023). Our work builds on this foundation by examining the moderating role of the setting 

and spaciousness of the virtual environment in predicting key VR outcomes. 

The Current Paper 

 We took a layered approach to understand how factors related to an individual within a 

given environment predict entitativity, non-verbal social behavior, and simulator sickness when 

people interact together via avatars in groups. The dearth of P-E research, particularly in social 

VR, has been due to pragmatic issues surrounding the complications of managing hardware and 

software remotely. Until recently, it has been difficult to include multiple users in the same 

immersive VR environment and simultaneously track individual and group-level experiences. 

Social VR, such as applications like ENGAGE, make social and group-level VR possible while 

maintaining the integrity of foundational VR affordances (e.g., presence, immersion, and 

embodiment). So here, we use social VR to understand how P-E effects associate with 

entitativity, presenting some of the first work of its kind to evaluate how individual differences, 

environmental factors, and the interaction of the two relate to entitativity. We then evaluated how 

individual differences predict the degree to which participants move in relation to one another, 

attend to others’ gaze, and experience negative downstream effects of being in VR like simulator 

sickness.  

Our interests are exploratory, and we therefore do not formalize hypotheses about our key 

variables of interest, given the scarcity of work that has connected these concepts. The 

exploratory nature of this work does not undermine its theoretical importance, however. 
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Exploratory work, defined as “research guided by curiosity and seeking to document a finding or 

set of findings rather engaging in hypothetico-deductive hypothesis testing or focusing on 

explanation,” is just as important as confirmatory research in theory development because 

exploratory work can be useful when it is unclear how concepts will be related (Levine & 

Markowitz, 2024, p. 157). We seek to examine P-E effects in social VR in the spirit of using 

such evidence in future, more systematic theory building and developing a greater 

conceptualization of how the person and their environment jointly impact various group 

dynamics in social VR. 

Method 

Participants and Procedure 

The present data is a subset of the Stanford Longitudinal VR Classroom Dataset, which 

includes data from approximately 700 student participants across four years, each of whom took 

one of four separate IRB-approved studies during courses taught via Meta Quest 2 VR headsets 

(Han & Bailenson, 2024). While all students who were part of the course took part in all the VR 

activities, only those who consented to participate in the study contributed data for analysis. 

Safeguards implemented to ensure privacy and consent included review both by the IRB and a 

second university ethics organization, and third-party oversight of the consent process and data 

collection. Participants were reminded of the recording through a visual notification at the 

beginning of a session or upon joining a session. 

The current paper used a dataset on a maximum of 137 consenting participants from one 

of the courses from that dataset. The full procedure and demographics are described in Han et al. 

(2023). Participants met in one of 32 groups, ranging from two to 14 members, for eight weekly 

sessions which lasted about 30 minutes per session. During each session, participants took part in 
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an instructor-led discussion with either the whole group or smaller groups to talk over the 

material covered in the course. Across all sessions, participants’ verbal, non-verbal, and 

performance data were tracked. Each student provided self-report data about their experience 

after each session. Multiple aspects of individuals’ behaviors and attitudes were measured at the 

start of the study (pre-test), and during and after each of the eight weekly sessions. To reduce 

fatigue, repetitiveness, and burden, item sets for each construct were purposely designed to be 

brief.  

To set up the virtual classrooms, each virtual environment was extensively planned, 

underwent approval to ensure that they met specific requirements, developed by a teaching team, 

and set up prior to the class. Furthermore, multiple teaching staff were present across media: in 

person, on video-conferencing calls, and in VR, to ensure students received adequate help 

throughout their experience both in and out of the virtual environment. Lastly, training sessions 

and guides were set up to onboard students from various technological backgrounds to ensure the 

smoothness of the first sessions. Each participant contained 76 megabytes of data, on average, 

across 8 weeks, after tracking their movements (17 gigabytes in total across participants).  

Out of space considerations, please see the online appendix for additional methodological 

information. Note, underlying data for this study cannot be shared or made public due to 

conflicts with our IRB protocol, which focused on protecting participant nonverbal and tracking 

data (Bailenson, 2018b; Miller et al., 2020). 

Hardware and VR Equipment 

 Participants were provided with Meta Quest 2 headsets (standalone head-mounted display 

with 1832 x 1920 resolution per eye, 104.00° horizontal FOV, 98.00° FOV, 90Hz re- fresh rate, 

and six-degree-of-freedom inside-out head and hand tracking, 503 g) and two hand controllers 
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(126 g) for use in their personal environment. Of all the participants, 2 owned personal headsets 

(Valve Index) and participated using those devices. 

Virtual Environment: ENGAGE 

All sessions were held in ENGAGE, a collaborative social VR platform designed for 

education. Every week, the virtual environment consisted of a private (password restricted) area 

that allowed participants to walk and/or teleport freely, create 3D drawings, write on personal 

whiteboards and/or stickies, add immersive effects and/or 3D objects, and display media content. 

Dependent Variables 

Entitativity 

Entitativity, which approximated the concept of group cohesion, was measured by eight 

items adapted from prior work using a 7-point Likert scale (1 = Strongly disagree, 7 = Strongly 

agree) (Rydell & McConnell, 2005). Sample items include “My discussion group is important to 

its members” and “Members of my discussion group are affected by the behaviors of other 

members.” Weekly entitativity scores were calculated as the mean of the seven items 

(Cronbach’s α = 0.86); higher scores indicated greater entitativity than lower scores. 

Non-Verbal Social Behaviors 

Social Attention. Social attention, defined as the amount of spatial attention allocated to 

another person in a session, was calculated as the percentage of time an individual had at least 

one group member’s head within 15° of the center of their HMD’s view. We chose this value 

based on our prior experience that suggests this degree produces scores that are often normally 

distributed within a sample; see thresholding technique proposed in prior work (Miller et al., 

2021), and because the angle between one’s gaze and head direction is typically less than 15° 

(Foulsham et al., 2011). Each individual had a social attention outcome per session. Greater 
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social attention indicates an individual spent more time looking at other people in the session. 

Simulator Sickness 

Simulator sickness was measured by four items adapted from the Simulator Sickness 

Questionnaire from Kennedy and colleagues (1993) using a 5-point Likert scale (1 = Not at all, 5 

= Extremely). Sample items include “I feel my eyes are strained” and “I feel aware of my 

stomach.” Weekly simulator sickness scores were calculated as the mean of the four items 

(Cronbach’s α = 0.89), with higher scores indicating greater simulator sickness (Kennedy et al., 

1993). 

Person-Level Independent Variables 

Person-level measures of individual differences used as independent variables were 

obtained during the pre-test. 

Demographic traits 

Two demographic variables were evaluated in this study: (1) gender (men n = 78, women 

n = 59), and (2) ethnicity (Asian n = 47, Black n = 12, Hispanic n = 8, Indigenous n = 2, Middle 

Eastern n = 1, mixed race/ethnicity n = 19, Native Hawaiian n = 5, and White n = 40). We 

created a level of the ethnicity variable called “other” after combining those with less than or 

equal to 5 participants. This process helped to ensure statistical model simplicity and stability.1 

We also collected age information on each participant (M = 20.89 years, SD = 2.79 years), 

though variation in age for this university sample was expectedly low. 

Big 5 Personality Traits 

Individuals’ ratings for the Big 5 personality traits (Openness, Conscientiousness, 

 
1 We excluded participants who listed their gender as “other” or did not answer because of their low prevalence in 
our sample. We also excluded those who did not answer the ethnicity question. 



 
 

 
   
 

16 

Extroversion, Agreeableness, and Neuroticism) were measured at the start of the study using the 

Ten-Item Personality Inventory (TIPI) (Gosling et al., 2003). The TIPI scale consists of two 

items to measure each of the five dominant personality dimensions. Internal consistencies 

(calculated using Spearman–Brown formula, as recommended for two-item measures) (Eisinga 

et al., 2013), across all participants were 0.449 for Openness, 0.689 for Conscientiousness, 0.779 

for Extroversion, 0.283 for Agreeableness, and 0.641 for Neuroticism. Low reliability 

instruments with a small number of items, such as the TIPI scale, are expected, as they were 

designed to measure broad domains (Gosling et al., 2003). We used this shortened personality 

scale because of the anticipated effort burden for participants that we wanted to keep reasonable 

within the context of our study and the course at large. 

Environment-Level Independent Variables 

 The virtual environments varied by two factors: setting and spaciousness. In the setting 

condition, environments were either indoors or outdoors. In the spaciousness condition, 

environments were either constrained (i.e., environments which provided a limited view of the 

virtual space) or panoramic/panoptic (i.e., environments in which people could see wide and far). 

Individuals were in one of four types of environments (2 spaciousness x 2 setting): (a) panoramic 

outdoors, (b) panoramic indoors, (c) constrained outdoors, or (d) constrained indoors. See Figure 

1 for visual depictions of these conditions, plus many different virtual environment orientations 

experienced throughout the course given the stimulus sampling approach to vary the surface 

details of context while maintaining the theoretical variables constant. Each environment was 

built by research personnel using 3D objects. In total, there were 192 uniquely built 

environments that differed in size of moving area and height. These 192 environments contained 

diverse thematic features, as opposed to relying on a single stimuli manipulation, as 
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recommended by prior work (Reeves et al., 2016). 

The moving area of the environments was measured by adding markers to the corners and 

ceilings of the environments inside ENGAGE and then calculating the areas using the positional 

data of the markers (see Han et al. 2023 for a detailed account of these scenes). Descriptive 

information about the different environments is in the online supplement out of space concerns.  

[FIGURE 1 HERE] 

Analytic Plan 

We used linear mixed models with a random intercept for participant to account for 

within-person dependencies (Bates et al., 2015; Kuznetsova et al., 2020). Therefore, participants 

had multiple observations for the same measure for each of our dependent variables across 

weeks, and scores on each measure reflected participants’ average rating for the week. We did 

not add week to our models because we were not theoretically interested in week-by-week 

effects nor time effects in the current paper. However, post-hoc analyses revealed that adding 

week as a fixed effect in the interaction models did not substantively change the significant 

results nor their interpretation. 

Given that our primary interests were in P-E interactions, we computed mixed effects 

interaction models. All models included a person-level factor (e.g., age, gender, ethnicity, each 

personality variable) interacting with an environment-level factor (e.g., setting, spaciousness). 

Due to the exploratory nature of this investigation, which operates from a different set of 

assumptions and conditions than confirmatory investigations, contrasts are not corrected for 

multiple comparisons unless noted. 

Results 

 Figures 2 and 3 provide histograms of key variables and we organize the results by each 
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dependent variable of interest.  

[FIGURE 2 HERE] 

[FIGURE 3 HERE] 

Entitativity 

 The results in Table 1 reveal those high on extraversion and in the panoramic condition 

reported more entitativity than those in the constrained condition (see Figure 4 for a visual 

depiction of these data). 

Social Attention 

A significant person × environment interaction effect emerged between ethnicity and 

spaciousness for social attention (Table 1), where the most systematic differences emerged 

among Black and White participants across conditions (see top panel of Figure 5 and the online 

supplement for contrasts out of space considerations).  

The bottom panel of Figure 5 suggests a significant agreeableness × spaciousness 

interaction emerged predicting social attention. Spaciousness, particularly the panoramic 

condition, interacted with agreeableness the most to impact social attention, suggesting that those 

high on agreeableness and in the panoramic condition attended to others more often than those 

low on agreeableness and in the constrained condition. 

 
[FIGURE 4 HERE]
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Table 1 
 
Person × Environment Interaction Effect Results 
 

Entitativity DFn DFd F p  Entitativity DFn DFd F p 
Age × Setting 1 809.76 0.41 .521  Age × Spaciousness 1 807.11 1.43 .233 
Gender × Setting 1 811.03 0.71 .400  Gender × Spaciousness 1 810.02 1.66 .198 
Ethnicity × Setting 5 806.01 0.96 .439  Ethnicity × Spaciousness 5 805.80 1.81 .108 

           
Openness × Setting 1 812.30 0.66 .417  Openness × Spaciousness 1 810.52 1.17 .279 
Conscientiousness × Setting 1 810.45 1.06 .304  Conscientiousness × Spaciousness 1 809.44 1.94 .164 
Extraversion × Setting 1 811.16 3.71 .055  Extraversion × Spaciousness 1 810.26 6.25 .013 
Agreeableness × Setting 1 812.07 1.26 .262  Agreeableness × Spaciousness 1 809.13 0.29 .591 
Neuroticism × Setting 1 811.95 0.21 .650  Neuroticism × Spaciousness 1 811.08 0.09 .767 

           
Social attention DFn DFd F p  Social attention DFn DFd F p 
Age × Setting 1 826.64 3.12 .078  Age × Spaciousness 1 826.89 1.78 .183 
Gender × Setting 1 839.33 0.10 .748  Gender × Spaciousness 1 839.82 0.01 .913 
Ethnicity × Setting 5 831.69 0.69 .627  Ethnicity × Spaciousness 5 836.72 2.23 .050 

           
Openness × Setting 1 843.68 1.17 .280  Openness × Spaciousness 1 843.00 0.76 .384 
Conscientiousness × Setting 1 849.48 0.66 .418  Conscientiousness × Spaciousness 1 839.22 0.40 .528 
Extraversion × Setting 1 835.15 0.05 .820  Extraversion × Spaciousness 1 841.32 1.32 .251 
Agreeableness × Setting 1 842.98 0.47 .494  Agreeableness × Spaciousness 1 838.43 5.35 .021 
Neuroticism × Setting 1 845.95 2.36 .125  Neuroticism × Spaciousness 1 842.21 3.36 .067 

           
Simulator sickness DFn DFd F p  Simulator sickness DFn DFd F p 
Age × Setting 1 811.10 0.20 .651  Age × Spaciousness 1 806.71 0.02 .897 
Gender × Setting 1 813.77 0.29 .591  Gender × Spaciousness 1 811.45 3.55 .060 
Ethnicity × Setting 5 808.76 0.55 .738  Ethnicity × Spaciousness 5 806.59 2.68 .021 

           
Openness × Setting 1 815.29 0.01 .912  Openness × Spaciousness 1 812.12 0.38 .536 
Conscientiousness × Setting 1 813.51 0.01 .915  Conscientiousness × Spaciousness 1 810.89 0.00 .996 
Extraversion × Setting 1 813.66 0.84 .359  Extraversion × Spaciousness 1 812.24 0.05 .827 
Agreeableness × Setting 1 815.48 1.35 .245  Agreeableness × Spaciousness 1 810.04 4.37 .037 
Neuroticism × Setting 1 814.98 0.65 .422  Neuroticism × Spaciousness 1 813.32 0.41 .524 
Note. All interactions included lower-order main effects, but they are not reported here out of space considerations. 
DFn = numerator degrees of freedom. DFd = denominator degrees of freedom. Bolded statistics are significant at p 
< .05. We reran our mixed models controlling for section size and all significant effects reported in the main text 
were maintained. We also reran the models controlling for the number of people that individuals interacted with, and 
all effects were maintained, minus the interactions that predicted simulator sickness, ps > .281. Therefore, after 
accounting for how many people individuals saw in their visual space, person-situation interaction effects appear to 
be less systematic to predict simulator sickness.
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Simulator Sickness 

 The interaction of ethnicity and spaciousness was statistically significant. The most 

robust effect concerned White participants in the constrained condition having less simulator 

sickness than Asian participants in the panoramic and constrained conditions. The interaction of 

agreeableness and spaciousness was also statistically significant, where those high on 

agreeableness and in the panoramic condition tended to have more simulator sickness than those 

high in agreeableness in the constrained condition. While men reported less simulator sickness 

than women (B = -0.31, SE = 0.13, t = -2.89, p = .018), the interaction of gender and 

spaciousness was not statistically significant at the 5% level (p = .06), as reported in Table 1. 

 

[FIGURE 5 HERE] 

 

Discussion 

 A core component of social science research is the focus on the individual and their 

environment (Lewin, 1935). One’s disposition and their environment can have an independent 

impact on perceptions and behavior. Critically, P-E interactions are just as crucial to investigate 

as the components themselves (Bowers, 1973; Endler & Parker, 1992), especially when 

environments need not be fixed, such as with technology like immersive VR. We investigated 

the interactive role of person effects (e.g., demographics, personality) and environment effects 

(e.g., the setting, spaciousness) to predict entitativity, nonverbal behaviors, and simulator 

sickness. While many interaction effects were not statistically significant, a few important P-E 

interactions still emerged. For example, those high on extraversion and in the panoramic 

condition felt more entitativity than those low on extraversion and in the constrained condition. 
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Therefore, in this piece, we present evidence that is some of the first to systematically document 

how and when certain individual traits and environmental factors jointly impact group dynamics 

in an immersive, educational, and social VR setting. 

 There are several contributions of this work that are worth highlighting. First, scholars 

have been studying human behavior in VR for decades (Blascovich et al., 2002; Steuer, 1992; 

Zheng et al., 1998). A substantial number of published studies have documented how VR 

compares to other media, and its feasibility and efficacy in domains such as medicine, education, 

and social interaction (Bailenson, 2018a). However, despite this important work on the “how” 

(e.g., how VR can approximate physical world experiences and how to create immersive VR 

worlds), there is a dearth of research examining the “who” and “where” (e.g., who behaves in 

particular ways in VR and in what environments). Clearly, as the results in the current study and 

other research suggest, individual differences matter, and given the complexity of VR as a 

medium, understanding person-level effects in tandem with environmental effects is a 

worthwhile research pursuit in both the academic and applied domains.  

It is also important to position this research within a broader P-E interactionist 

perspective and highlight the novelty of certain patterns. First, we observed a significant 

interaction between extraversion and spaciousness, where people who are high on extraversion 

and in a panoramic environment felt more entitativity. Why did this effect emerge? Prior work 

suggests that corporate teams with higher-than-average levels of extraversion tend to work better 

and receive better reviews from their supervisors than teams with lower-than-average levels of 

extraversion; crucially, “extraversion [was] associated with team viability through social 

cohesion” (Barrick et al., 1998, p. 377). Other work also suggests when people have more 

physical space to move (e.g., a more spacious environment), they self-disclose to others more 
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(Okken et al., 2013). It is therefore possible that extraverts in a panoramic and spacious 

environment felt more entitativity because they could talk to more people in their view. The 

more that a virtual environment is open, the more that extraverts may feel like they can open up 

and disclose to others verbally. This contention is worth exploring in future work that examines 

the relationship between personality, virtual environments, entitativity, and language use.  

A second relationship worth interrogating is the interaction between ethnicity and 

spaciousness predicting simulator sickness. Asian participants reported more simulator sickness 

than White participants, an effect that is likely related to interpupillary distance (Dodgson, 2004; 

Murray et al., 2017). Immersive VR headsets are often not customized for people of different 

genders or ethnicities. Our evidence and others suggest a universal headset may be an ineffective 

way to create a seamless, immersive, and fluid user experience. One relatively simple way to 

facilitate inclusivity in VR may be to start with hardware and have VR headsets that are more 

customizable than what are currently offered. It is also possible that for each immersive VR 

session, headsets should be calibrated to the user. Some headsets provide instructions on how to 

accomplish this task (VIVE, 2023), but this process can be unintuitive for first-time users. 

Having hardware and software work for the user and not the user work for the hardware or 

software is an important development goal for immersive VR in the future. Simulator sickness 

can have negative downstream consequences for how people think, feel, and behave in VR 

(Kolasinski, 1995), and the ability to customize headsets can be one way to alleviate this issue. 

A novel and actionable finding from the P-E analyses is the interaction between 

spaciousness and extraversion. Of all the personality metrics, extraversion is likely the easiest 

one to measure automatically in real-time, either from the amount of utterances by a certain 

avatar or the percentage of time spent speaking in a group conversation (for examples of 
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studying language in VR, see DeVeaux et al., 2023, 2024). Currently, in most social VR 

platforms, virtual worlds often “shard.” That is, when the worlds are visited by a certain number 

of avatars, they split into another instance, and subsequent avatars who join a particular world 

arrive automatically at the second instance. For example, in Meta’s Horizon Worlds, a typical 

scene shards after a few dozen avatars join, and at any given moment there are many instances of 

that particular scene. Sharding is done to ensure the system does not get overloaded by rendering 

too many avatars within a scene. However, one can imagine creating a sharding algorithm to 

maximize group cohesion based on the current P-E findings, such that worlds can shard based on 

extraversion, where groups high in extraverts can experience a panoramic version of a given 

world while groups low in extraverts experience one that is more constrained. By simply 

sharding worlds based on a few minutes of speech data, as opposed to an arbitrary binning based 

on arrival time, platforms such as VRChat, Horizon Worlds, and RecRoom can take a small step 

to increase the quality of group cohesion in social VR. Given the amount of griefing and 

negative group interactions that are prevalent on these platforms (Freeman et al., 2022), any 

positive step will likely have a positive impact. 

In addition to these empirical and applied contributions, we — along with other studies 

(Han et al., 2023; Han & and Bailenson, 2024) — continue to offer a proof-of-concept for how to 

leverage physical university classrooms for studies in social VR. Given the requirement of this 

study, as articulated in the method section, we recommend that such studies might be more 

accessible to other research teams if pipelines of preprocessing tools were built. We call upon a 

range of academic research teams and industry partners to develop this pipeline collaboratively 

to make such large-scale, social VR research accessible to all. 

Finally, our significant P-E interactions have the potential to be theoretically impactful 
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because they suggest that evaluating the person or the environment in isolation fails to account 

for other simultaneous effects that occur within the same social VR experience. These results 

hopefully motivate a new line of theory building, alongside the TSI (Bailenson et al., 2004), 

encouraging others to take certain P-E interactions seriously, and to explicate why such effects 

emerge. Examining various mechanisms for P-E effects is an important next step for immersive 

VR researchers. 

Limitations and Future Directions 

 Our study included participants with a relatively constrained age range. Therefore, 

expanding our framework to include participants who are non-students and have greater age 

variability will be important next steps. We also largely limited our person and environmental 

variables of interest to those with established relevance in the immersive VR research space 

(e.g., demographics, personality, setting, spaciousness). There are other individual differences 

and environmental variables worth exploring, however. For example, are Dark Triad personality 

traits predictive of entitativity and non-verbal social behaviors? To what extent do person-level 

traits like political ideology relate to who people interact with and choose to embody in 

immersive VR? These open questions, among many others, are worth examining. Our 

exploratory tests now provide future directions for additional research, which can also undergo 

more strict multiple comparisons testing in top-down, confirmatory research that examines 

specific hypotheses about individual differences, environments, and their interactions. 

 Another limitation of our research is the scalability of the research paradigm. Despite the 

profound interest in immersive VR and the metaverse in academic communities, VR is still 

relatively new and less adopted by mainstream technology consumers. Therefore, it will be 

crucial to repeat similar studies with people from the general public as immersive VR becomes 
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more mainstream.  

Finally, the present study featured students in a university setting who chose to be a part 

of a class on immersive VR. There might be some meaningful social or psychological difference 

between students who select this class (e.g., technologically curious individuals, early adopters 

of media) and those who did not self-select for this class. Future research should examine 

selection bias more directly when considering who is involved in a VR research study, especially 

in a VR classroom setting.
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Figure 1 

Participant Conditions and Stimulus Sampling 
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Figure 2 

Histograms for Key Dependent Variables Across Weeks 
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Figure 3 

Histograms for Person-Level Variables 
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Figure 4 
 
Visualized Interaction Effect Predicting Entitativity 

 

 

 

 

 

 

 

 

 

 

 

Note. Dots are jittered for interpretability.
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Figure 5 
 
 Visualized Interaction Effects Predicting Social Attention 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note. Dots are jittered for interpretability. 


