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Abstract
Virtual reality (VR) has become a readily available con-

sumer technology, strengthening its promise as a research

Susan Persky, Social and Behavioral Research
Branch, National Human Genome Research
Institute, NIH Main Campus, Building 31,
Bethesda, MD 20817, USA.

Email: perskys@mail.nih.gov

tool for health psychology. We identify five key strengths
of VR-based research: data collection, realism, experi-
mental control, adaptability, and mobility (DREAM). We
review how these advantages allow researchers to inves-
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as both a stimulus and a measurement tool. We also
describe challenges facing VR research and potential stra-
tegies researchers can use to mitigate them. In addition to
reviewing existing research, we hope to inspire researchers
to consider ways in which VR might be used in future to
augment their own research programs or answer currently

impracticable research questions in health psychology.
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1 | INTRODUCTION

Health psychologists are challenged with understanding the complex influences of behavioral, psychological, and
social factors on health and well-being. The traditional research measures in our arsenal have brought us a long
way; however, there remain many crucial questions that could benefit from methodological advances, such as
understanding the triggers of unhealthy behaviors, including the influence of psychological states and the broader
social environment. Here we will consider how virtual reality (VR), an emerging communication technology, could
be used as a research tool to enable novel and improved research projects across the discipline. The potential
benefits of VR as a research tool have been noted in other related fields (e.g., Blascovich et al., 2002; Pan &
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FIGURE 1 Use of VR as a research tool in health psychology publications. Note: A search of the database
PsychINFO was performed in August 2020 using the search terms “Virtual Reality” AND “Health.” Irrelevant
articles, duplicates, and articles that did not report empirical data were excluded. The remaining 1084 articles were
coded based on Fox et al.’s (2009) tripartite distinction between objects, interventions, and tools. Articles coded as
“objects” evaluate the form or content of VR and how variations in each affect the user, this includes measuring if
an experience creates presence, evokes emotions, creates motion sickness as well as users’ opinions about VR.
Articles coded as “interventions” explore VR’s viability as an application for content delivery outside of the
laboratory, for example, for increasing empathy, physical rehabilitation and any other effects that persist beyond
VR exposure. Articles coded as “tools” use VR to study other physical or psychological phenomena, this includes
using VR as a stimulus or as a measure, to test hypotheses unrelated to VR. PsychINFO does not index whitepapers
or industry projects and therefore these are not depicted in this figure. These projects normally aim to develop new
VR experiences and so are likely to be classified as interventions or objects and therefore this graph may
underestimate the prevalence of this type of work.

Hamilton, 2018; Ventura et al., 2018; Wilson & Soranzo, 2015), but an exploration of the promise of VR for health
psychology is overdue.

Over the last 3 decades, research using VR has steadily grown, aided by major developments in consumer
availability of VR hardware in recent years. However, despite the myriad ways in which VR could be used as a
research tool in health psychology, its application in this manner is rare compared to other uses. Figure 1 depicts
the different applications of VR within health psychology since 1998. This figure relies on Fox et al’s (2009)
tripartite distinction between VR as an object of study, VR interventions, and using VR as a research tool.

Research that studies VR as an object evaluates the form or content of VR and how variations in each affect the
user, this can include measuring whether a VR experience creates presence, evokes emotions, or creates motion
sickness. Through research on VR as an object, we have learned that virtual humans can exert real social influence
and that responses to this influence look similar in VR and real life (Blascovich et al., 2002). This work has also
provided recommendations for best practices, including identifying features of VR environments that are more
likely to make users feel a sense of presence during use (i.e., a feeling of “being there” within the VR environment)
(Cummings & Bailenson, 2016). Research on VR as an object will continue to be important for health psychology as
it points to areas in which VR is a useful and valid tool for our work.

VR interventions use VR for clinical or practical purposes. We are currently in the “clinical era” of VR research
(Cipresso et al., 2018) and VR health interventions span a wide range of areas (see A. S. Rizzo & Koenig, 2017 for
review). Examples include distraction-based pain reduction (Eijlers et al., 2019; Indovina et al., 2018; Kenney &
Milling, 2016); exposure therapy and anxiety reduction (Carl et al., 2019; Morina et al., 2015; Opris et al., 2012; A.
Rizzo et al.,, 2019); physical rehabilitation (Howard, 2017); neuropsychological assessment (Negut et al., 2016), and
healthcare provider training (Kyaw et al., 2019). In many cases, VR interventions compare favorably to existing

treatments and VR as an intervention has been declared “ready for primetime” (A. S. Rizzo & Koenig, 2017).
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In this article, we will focus on the third category: using VR as a research tool to test research questions
unrelated to the technology itself. Given the apparent underutilization of VR as a research tool (see Figure 1), we
will first outline the benefits of using VR in this manner, then showcase existing VR-based research and describe
potential possibilities for future use. Although this review is not comprehensive, we hope to inspire researchers to
consider the ways in which VR could be used to augment their existing research protocols or answer currently
impracticable research questions.

2 | THE BENEFITS OF VR AS A RESEARCH TOOL (DREAM)

VR technology is an overarching term for a collection of computer hardware and software designed to immerse
users in artificial environments. One common VR setup is a head mounted display-based system where users view
three-dimensional computer-generated images within a headset. While wearing this system, a user’'s movements
and orientation are tracked and fed back into the system to adapt the presentation of the virtual environment. As a
user turns their head, for example, it may appear as though they are looking around a virtual room. Researchers
may choose to combine a virtual stimulus, such as a virtual patient, with more traditional measurement techniques
such as questionnaires or in-person observation (VR as a stimulus delivery platform). VR can also be used to
measure the behavioral consequences of real-world interventions such as clinical training. For example, by testing
how participants act with a virtual patient (VR as a measurement tool).

Perhaps the most innovative research is when VR simultaneously fulfills the role of stimulus and measurement
tool. Unlike traditional methodology, in which researchers must typically tradeoff between the external validity of
conducting research in field settings and the internal validity of conducting it in the controlled clinic or lab setting,
when using VR as a research tool it is possible to gain the benefits of both. For example, Persky and Eccles-
ton (2011) used VR to evaluate medical students for signs of antifat bias using a virtual patient designed to present
with or without obesity. The virtual patient with obesity triggered more negative clinical judgments and inter-
personal behaviors compared to the patient without obesity. There were several benefits of using VR for this
project including automated data collection, along with heightened realism, experimental control, adaptability, and
mobility (see Table 1). This study was successfully able to elicit naturalistic behaviors from participants due to the
psychological and mundane realism that was created by the simulated clinical environment. The VR environment
can feel real, despite computer generated graphics, because VR can mimic perceptual and psychological elements of
the real world (Riva et al., 2019). At the same time, the researchers precisely manipulated patient weight status
digitally, within a context of great experimental control, wherein all other physical features and all verbal and
nonverbal behavior of the patient were held constant across conditions. As such, the causal effect of patient weight
status was isolated. Quantifying the specific effect of weight status was a key aim of this experiment and would
have been difficult to achieve without the control possible in a VR environment, as natural confounds abound in
reality. Automated data collection allowed precise, covert, and continuous measurement of subtle indicators of
antifat bias such as patterns of reduced eye-gaze toward the virtual patient with obesity.

Health psychologists may also wish to use VR in their research because the virtual environment can be adapted
to simulate any situation, constrained only by researchers’ imagination. The realism of VR allows participants to
become immersed, even into situations that are impossible or infeasible to create in real life (Bailenson, 2018a).
Finally, multisite research teams and those desiring to study difficult-to-reach populations may appreciate the
mobility of VR, which allows standardized research to be conducted across various locations or in the community.
The five advantages of VR we identify make up the acronym “DREAM” (data collection, realism, experimental control,
adaptability, and mobility). These characteristics apply to VR as a research tool in general and have been leveraged
by health psychologists to varying degrees in previous work. In this review, we will describe research that has
benefited from, or could benefit from, these advantages of VR. We will highlight elements of DREAM by italicizing
them throughout the paper.
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TABLE 1 Potential advantages of using VR as a research tool for health psychology research

Experimental
control

Adaptability

Mobility

Realism

Advantages

A VR stimulus is presented in exactly the same
format every time, ensuring standardization.

Control over almost all sensory input reduces
impact of extraneous variables and noise in data
collection.

By allowing manipulation of only the variable of
interest, concerns about possible systematic
confounds are reducedz.

Researchers can create any situation as needed
even if it is rare or impossible in real life.

Includes ability for perspective-taking (partici-
pants can virtually ‘walk in another person’s
shoes).

Once a VR-based experiment is created, it can
be directly replicated anywhere including in
hard to reach settings and populations.

Physical lab or clinic space is not required for
VR-based research.

Ease of multi-group collaborations across
various research sites using the same VR
software.

Immersive nature of VR allows users to feel a
sense of presence.

VR stimuli can elicit ecologically valid behaviors.

Largely unconstrained responses are possible by
participants.

Dangerous or harmful scenarios can be simu-
lated without placing participants at risk.

Healthcare can be investigated without manip-
ulating real patient medical care.

Example

To evaluate medical professionals’ medical

decision-making for signs of anti-fat bias pro-
viders could interact with a virtual patient
programmed to present with or without obesity.
The only difference in the interaction is the
apparent weight of the patient; other physical
features, as well as all verbal and nonverbal

behavior is the same.

In a virtual interaction, a digital patient could be

programmed to differ on any desired charac-
teristic including rare anatomical features, or
even allowing healthcare professionals to take a
virtual trip within the patient's body to examine
organ function. Alternatively, healthcare pro-
fessionals could experience what it is like to be
on the other side of this interaction, virtually
taking on the patient’s, weight and health
problems.

VR research can be replicated anywhere by sending

the software to other research sites around the
world. Research sites would not necessarily
even need a research lab or clinic to perform
the experiment in, the participant can be
located in any convenient space and still
inhabit the same virtual clinic. The portability
of VR gives it the ability to reach greater di-
versity of healthcare professionals in different

settings.

Interaction with a medical student can occur in a

visually realistic clinic room with a behaviorally
realistic patient. The fully immersive headset
makes the participants feel as if they were
really there. Participants’ bias, if any, can
manifest in this interaction in the same way it
might in a real-life scenario, including through
treatment decisions, speech and body language.
This design avoids potential concern about us-
ing real patients or actors as target for potential
bias. Participants’ full attention is on the clinical
setting, similar to real life medical care, they
cannot be easily distracted (e.g., by mobile

phones)
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TABLE 1 (Continued)
Advantages Example
Data e Precise measurements of physical movements  Every aspect of what participants say and do in a
collection are taken covertly, automatically, and continu- virtual patient interaction can be recorded for

ously over time, eliminating the requirement for
resource-intensive human observation.

Captures subtle indicators of variables partici-
pants are unable or unwilling to verbalize.

Can be source of “big data.”

Designers can create any scenario as needed to
measure participant behavioral response.

later analysis. Interpersonal bias could be
evaluated by coding healthcare decisions, con-
tent analysis of speech, analysis of tone and
pitch, and non-verbal behavior such as visual or
eye contact and interpersonal distance from the
patient, etc. These data could be combined in
multi-variate analyses or explored individually

as per the researchers’ hypotheses. If re-
searchers were interested in exploring new
research questions, such as how participants
conduct a physical exam, or how they respond
to a patient who faints during their visit, these
scenarios can also be created and behavior
tracked.

Note: Some examples loosely based on Persky and Eccleston (2011).

3 | VR AS A RESEARCH TOOL IN HEALTH PSYCHOLOGY: PAST, PRESENT,
AND FUTURE

VR has been and could continue to be used to investigate three broad areas in health psychology: the antecedents
of health behaviors, the impact of psychological processes in health, and broader social processes in health. Within
each, we describe how VR can serve as a tool for stimulus presentation and for measurement within the research

process.

3.1 | Health behaviors

Health behaviors include activities, intentional or unintentional, undertaken by individuals that subsequently
influence their own health or the health of others (Short & Mollborn, 2015). Unsurprisingly, there are a plethora of
actions that can be classified as health behaviors including substance use, diet, physical activity, sleep, sexual
activity, healthcare-seeking behaviors, and adherence to prescribed medical treatments. Using VR to study health
behaviors has not yet become widespread, but existing work can provide a glimpse into future possibilities.

3.1.1 | VR as a stimulus for studying health behaviors

VR can be used to immerse participants in realistic simulations of real-world environments to investigate health
behaviors. For example, a realistic virtual bar scene, complete with beer taps and patrons, was used to induce
cravings for alcohol in research on heavily drinking college students (Simon et al., 2020). Similar environments have
been used to trigger cravings for cocaine (Saladin et al., 2006), nicotine (de Bruijn et al.,, 2020; Ferrer-Garcia

et al, 2010), and other substances to aid in substance use research. Taking it a step further, such VR
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experiences have been used to evaluate the efficacy of experimental treatments and interventions for addiction.
For example, Kotlyar et al. (2020) used a VR environment with smoking cues to test the efficacy of a nicotine
lozenge. Building upon such work, VR simulations are ripe for testing a wider array of behavioral and social
interventions.

Because they are virtual, these environments can be modified in systematic ways to investigate how individual
elements of the environment influence the precursors of health behavior. For example, social pressure in the form
of a virtual drinking companion significantly increased alcohol cravings in a virtual bar (Ghita et al.,, 2017). VR
thereby allows researchers the experimental control needed to disentangle the relative influence of various envi-
ronmental factors in ways difficult to achieve in the field. In VR, naturally occurring covariates, such as the presence
of other people and alcohol in a bar setting, can be easily separated, allowing the relative importance of each to be
evaluated. Taking this logic to the extreme, in a project investigating satiation and eating behavior, Li and Bai-
lenson (2018) used VR to disentangle the relative influence of smell and touch on donut consumption; research that
is not just difficult, but probably impossible to perform using real-world stimuli. The authors ultimately found that
experiencing either scent or texture, but not both together, led participants to subsequently eat fewer real donuts
due to a proposed satiation effect. Future research using VR in health psychology could endeavor to disentangle a
variety of variables that tend to naturally co-occur, such as the influence of different senses on drug cravings, or the
relative contribution of verbal and nonverbal aspects of the placebo effect.

To date, most VR research has utilized the realism and experimental control that accompanies VR stimuli to
investigate potential triggers of unhealthy behavior. However, other advantages of VR methodology could also be
used in this area, specifically, taking advantage of the adaptability of VR to simulate experiences that differ from
real life. For example, VR can be adapted to simulate the consequences of unhealthy behaviors using body illusions.
For example, VR could be used to create the illusion that the users’ own physical appearance or abilities have
changed in response to their health behaviors. Researchers in other domains have already altered users’ apparent
weight (Ferrer-Garcia et al., 2017), height (Freeman et al., 2014), and visual acuity (Boumenir et al., 2014) to give
users a taste of what it may be like to have different characteristics and restrictions. These experiences have
mostly been used as interventions to increase empathy or reduce stigma (see Matamala-Gomez et al., 2020 for
review), but researchers have also used simulated physical changes to motivate healthy behaviors. For example,
Fox and Bailenson (2009) demonstrated that virtually simulating changes in body size in accordance with the
amount of exercise that participants completed led to greater subsequent voluntary exercise. Similarly, future
studies in VR could examine potential motivational mechanisms, such as visualizing the beneficial physical effects
of treatment adherence, or the negative consequences of unmitigated sun exposure. How and under what con-
ditions these aspirational and/or threatening imagined future-selves influence health behaviors remains an open
question.

3.1.2 | VR as a measure of health behavior

Within realistic simulated environments, health psychologists can record a variety of health-oriented choices and
behaviors such as research participants’ treatment adherence (Kurtz, et al., 2007), alcohol choice (van der Vorst
et al.,, 2014), and unhealthy food selection (Hagerman et al., 2019; Riches et al., 2019). This provides a new avenue
for direct measurement of health choices given that self-reports are notoriously unreliable (Baumeister
et al., 2007), and real-world observation is often burdensome.

Although the choices are virtual, evidence is mounting that health behaviors in VR are similar to those made in
the real world (Cheah et al., 2020; Persky, et al., 2018; Ung et al., 2018; Waterlander, et al., 2015). Choices made in
VR have also predicted real-world behavior change. Following an intervention to promote reduced alcohol con-
sumption, participants who chose a virtual water, rather than a virtual alcoholic beverage, were more likely to

report reduced real-life alcohol consumption 6 months later (Wang et al., 2019).
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VR environments may be particularly suited to measuring risky choices, such as drug-use or sexual-health
choices because researchers can capture rapid, emotion-based choices (de-Juan-Ripol et al., 2018). Risky
decisions are typically impulsive and reactive and therefore difficult to capture with traditional self-report mea-
sures. VR environments also allow risky behaviors to be evaluated without placing participants in real danger.
Researchers have used VR to measure risky pedestrian behaviors (Davis et al., 2013), and even participants’
willingness to take their own life (Franklin et al., 2019).

Current research has generally exploited the realism of VR to measure explicit health choices. However, to date,
relatively little research has utilized VR’s potential for automatic data collection of subtle physical movements that
can be a proxy for intentions or beliefs in relation to health behaviors. Where participants look and move, or how
they interact with objects, may provide researchers with information about the mechanisms behind their health
choices. There is much room for further exploration of subtle behavioral tracings and the psychological states they
might index (Yaremych & Persky, 2019). For example, in an intervention study, researchers had adolescents
practice several healthy behaviors in VR, such as asking a pharmacist for an HIV test, refusing drugs at a party, and
negotiating condom use with a partner (Hadley et al., 2019). Although the authors were interested in participants’
self-reported outcomes (which improved), future work could scrutinize participants’ behavior within these virtual
role-play scenarios to investigate whether behavioral movement patterns could provide a window into unconscious
thought. For example, researchers could consider whether a participant’s gaze lingers on drug paraphernalia during
the party or whether their posture indicates shame while asking for an HIV test. By analyzing how participants
make health choices in addition to choices they make, health psychologists may gain a better understanding of the

underlying processes leading to unhealthy behaviors.

3.2 | Psychological processes in health

Health psychology often considers how specific, contextual beliefs may influence health outcomes (e.g., beliefs
about treatment efficacy), as well as how habitual ways of thinking influence health through behaviors or lifestyle
choices. VR can provide a way of quantifying these psychological processes as well as inducing specific psycho-

logical states to evaluate their effect.

3.2.1 | VR as a stimulus for studying psychological processes in health

VR can be used to manipulate participants’ cognitive or emotional state to experimentally determine effects on
health-oriented outcomes. For example, researchers asked older adults to cross a virtual street under a distraction
induction to study the influence of cognitive load on pedestrian safety (Nagamatsu et al., 2011). Participants who
were busy talking on a cell phone or listening to music were more likely to have a collision with a virtual car. This
study demonstrates the blatantly dangerous consequences of reduced cognition that would be impossible to
directly investigate outside of VR. However, more subtle research on psychological processes is also possible. For
example, stress, which is associated with deleterious effects on health throughout the lifespan (Lupien et al., 2009;
O'Connor et al., 2020), can be readily manipulated in VR. Realistic virtual scenes depicting heights, spiders, combat,
public speaking, and other stressful situations are most commonly used for exposure therapy (see Kothgassner
et al,, 2019; Opris et al., 2012). However, these stressful experiences can also be used to investigate the impact of
acute stress on health processes such as weight gain. For example, Padilla et al. (2019) measured participants’
stress levels during a public speaking task, where the virtual audience looked progressively bored and disappointed.
Stress reduced executive function and attention (both implicated in overeating) most among adolescents with
excess weight, suggesting a potential mechanism by which stress influences weight gain. Although this research

could have technically been conducted in the real world, a large audience with standardized behavior in a
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high-stakes environment (i.e., an auditorium) is far more practical to create virtually. Health psychologists may

likewise be interested in using VR for research in cases where it conveys such practical advantage.

VR can be put to use inducing a variety of other emotional states in order to study their influence on health.
While emotions can be induced through other means, VR-based induction has the potential to be especially
powerful (Susindar et al., 2019). Although little research has used this approach to date, in one unusual study,
researchers used VR to induce disgust in participants, then measured their willingness to eat a real piece of
chocolate (Ammann et al., 2020). Work along this vein could give insight into emotional influences on eating,
treatment decision-making, and other health behaviors. Health psychologists may rely on pre-existing, validated,
emotion induction stimulus sets such as Li et al.’s (2017) database, or develop their own, topic-relevant, emotional
VR stimuli (e.g., involving fear-inducing medical procedures) as required by the research. Regardless of the
emotional trigger, the realism of VR is a key advantage for inducing emotional states.

In the realm of cognition, the adaptability of VR is an area of relative strength. VR can be used to present
information in ways that are not possible in the real world. VR has shown promise as a route for influencing
knowledge, opinions, and thinking styles. This may be especially useful when the investigation benefits from
experiential approaches or when complex health information is better displayed in three dimensions or through
multiple perceptual channels. Along these lines, a study used VR to portray the “caloric weight” of unhealthy foods
using 3D food models and haptic feedback. This experience was associated with higher perceived risk and selection
of snacks with lower calorie density (Ahn et al., 2019). In a similar way, VR experiences could prompt different
thinking styles, supporting the investigation of how people think about health. For example, participants’ construal
level could be manipulated by encouraging focus on concrete details versus larger abstract aspects of their virtual
environment depending upon how it is rendered. By focusing participants on the larger picture, a more abstract
construal level may be induced, which has been associated with self-control (Fujita, 2008). Construal level may also
influence outcomes like treatment adherence or acceptance of the end of life. There are a great many areas of
untapped potential for using the adaptability of VR to interrogate the relationship between psychological processes

and health outcomes.

3.2.2 | VR as a measure of psychological processes in health

VR can provide enhanced measures of pre-existing differences in individuals’ psychological processes. Researchers
have already used VR to measure a variety of cognitive skills and characteristics with important relationships to
health, such as attention (Rodriguez-Barranco et al., 2016), memory (Negut et al., 2016), and propensity to feel
stress (Rodrigues et al., 2020). Many of the most popular cognitive VR measures test participants’ ability to perform
in realistic real-world scenarios, which differs from traditional versions of these tasks. For example, the SeeMe
virtual interactive shopping environment measures executive function by asking participants to purchase specific
products and stay within an allocated budget (Nir-Hadad et al., 2017). Other real-world scenarios include driving
(Liu et al., 1999), street crossing (Janouch et al., 2018), and classroom performance (Muhlberger et al., 2020). Many
of these VR measurements have been validated in comparison with more traditional assessments, and in some
cases outperform traditional tests (Diaz-Orueta et al., 2020). The proliferation of these assessments speaks to the
advantages of VR realism.

VR assessments can also collect a great deal of data related to the process by which participants perform
required tasks (e.g., body movement, gaze direction, order, and timing). Future work could take advantage of this
automatic data collection to elucidate the mechanisms by which trait and state individual differences in cognitive
processes influence health behaviors. One notable piece of research used VR to investigate the mechanism through
which temperamental fear in children leads to increased injury likelihood as pedestrians. In a VR street-crossing
scenario, more fearful children hesitated before initiating crossing, leading to a smaller gap between themselves

and the oncoming virtual vehicle, thus increasing the likelihood of collision (J. Shen et al., 2015). By understanding
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mechanisms through which fear influences safety, researchers can more effectively target interventions. Many
other possible mechanisms are ripe for exploration using VR simulations, including impulse-control and food choice,
or surgeons’ attention levels and their surgical precision. In this way, VR can be used not just to quantify individual
differences, but also to determine how they influence health outcomes.

Assessments of individual differences could also be fed back into healthcare decision-making. In an exciting
example, the ENGAGE study investigates whether measuring regulation of emotion, cognition, and self-focused
reflection in VR, in combination with traditional lab-based measures and self-reports, could be used to predict
the most efficacious intervention strategies for people with comorbid depression and obesity (Williams et al., 2018).
Given widespread agreement that one size does not fit all in healthcare and given recent investments in person-
alized medicine, VR should be further evaluated as an approach for phenotyping individuals to direct treatment
plans.

3.3 | Social processes in health

Health not only reflects an individual’s physical and psychological state, but the social context a person inhabits as
well. Research on the social determinants of health has grown markedly in the last decade, reflecting a broad
consensus that health and health disparities are shaped by nonmedical factors; such as an individual's social
support, family connectedness, workplace and neighborhood characteristics, and their position in a larger
political-economic hierarchy that can enable or constrain health (Short & Mollborn, 2015). VR environments show
promise for examining research questions around social influences on a micro level, such as investigating
physician bedside manner, communication strategies, and interpersonal biases. VR may also hold promise for
research at a more macro level, such as investigating how social norms, policies, and laws influence health

processes and outcomes.

3.3.1 | VR as a stimulus for studying social processes in health

When investigating social interactions, experiments often require confederate actors to play a role—such as
simulated patients. It is almost impossible to ensure that different actors, or even the same actor on multiple
occasions, acts in a standardized manner for each participant. In contrast, virtual humans can play roles like
patients or healthcare providers to examine a range of social and interpersonal research questions with total
experimental control. For example, Persky and Street (2015) investigated whether patients’ health attitudes were
influenced by the communication approach (supportive vs. directive) of a virtual physician. Flipping the script and
having real providers interact with a virtual patient, research has investigated how expression of pain by virtual
patients influences judgments of pain and prescription of opioids (Hirsh et al., 2009). VR can be used to examine
other social influences on health, such as peer pressure on drinking or smoking (Ghita et al., 2017), or the
importance of social support for effective patient communication during physician visits (McDonald et al., 2013).
These studies allow researchers to focus on only the social variable of interest, holding constant extraneous
variables and confounds.

It is now commonplace to manipulate specific physical characteristics of virtual humans. Researchers have
consistently found that healthcare providers treat virtual patients differently depending on a variety of charac-
teristics, including race, gender, age, and weight (Hirsh et al., 2008, 2009; Persky & Eccleston, 2011). Again, all other
aspects of presentation can be held constant, so it is possible to determine how exactly a single characteristic such
as race, gender, or weight triggers bias directly. The concordance of characteristics like gender and race between
patient and physician can also be systematically modified using VR to match participant demographics. Demo-

graphically discordant interactions have been shown to negatively impact patient satisfaction and patient
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comprehension of health risks when studied in VR (Mast et al., 2007; Persky et al., 2013) as well as in real clinical

visits (M. J. Shen et al., 2018). These discoveries would have been difficult, if not impossible, to achieve, without the
experimental control that VR simulations provide.

Most of the research to date on social health factors has used VR to investigate one-on-one interactions
between patients and providers; however, future work could take advantage of the adaptability of VR to simulate
the larger social environment. For example, VR could be used to simulate differences in healthcare settings such as
quality of equipment, wait-times, friendliness of the office staff, diversity of patients and staff, and so forth. This
kind of macro-focused virtual environment would allow exploration of how systematic differences in healthcare
environments, beyond interpersonal bias, might influence patient health processes. From a macro perspective,
researchers can also manipulate the VR environment to trial prospective health policy and legislation on the
ground. For example, in a virtual convenience store, researchers investigated the impact of banning tobacco
displays. When tobacco products were enclosed in a virtual cabinet, youth participants were less aware they were
for sale and were less likely to try to purchase them (A. E. Kim et al., 2013). Given the clear implications of the
broader environment for health, VR provides a simple way to manipulate and evaluate potential systemic variations

that could lead to health improvements.

3.3.2 | VR as a measure for studying social processes in health

The incidence of specific social behaviors can be directly assessed using VR. For example, Jouriles et al. (2016)
used a simulated dating violence situation to measure rates of bystander intervention. Within healthcare in-
teractions specifically, the behaviors of both patients and healthcare providers can be evaluated using VR,
including the questions they ask, the actions they take, and the decisions they make. Automatic data collection
also allows subtle aspects of social interactions to be evaluated for signs of interpersonal bias. This has included
interpersonal distance (Simdes et al., 2020) and eye contact (H. Kim et al., 2018). These implicit measures have
been used to better understand patient-provider interactions and interpersonal bias and showcase a key
advantage of VR research (data collection). For example, researchers found that medical students make less
visual contact with a virtual patient with obesity than a lean virtual patient (Persky & Eccleston, 2011).
Measuring participants’ responses to virtual humans in this manner has become increasingly well validated as a
research tool because participants generally respond in similar ways to virtual and real humans (Blasco-
vich, 2002; Blascovich et al., 2002). In a study comparing interactions with virtual patients versus real human
actors portraying patients, medical students tended to ask the same questions, interact in a similar manner, and
put the same effort into achieving the goals in both types of interactions (Lok et al., 2006). There are certainly
differences between VR social interactions and their real-world counterparts in certain contexts, but, if well
understood, we may be able to use these differences to our advantage. For example, patients may be more
inclined to make honest disclosures to virtual humans because they are less motivated to make a socially
desirable impression (Lucas et al., 2014).

The development of social VR in tandem with its inherent mobility increases possibilities for socially oriented
research. In social VR, multiple people interact in the same virtual space although they are physically in different
locations. Research on multiplayer digital games suggests that people in social VR can form genuine friendships
and interlinked communities (Ducheneaut & Moore, 2004; Jakobsson & Taylor, 2003), and that these virtual
experiences are personally meaningful (Maloney & Freeman, 2020; Maloney et al., 2020). One large untapped
area of potential for VR research is utilizing its mobility to measure behavior within social VR. Changes in social
behaviors can be mapped as they spread throughout these online communities because each person leaves a
detailed digital footprint. Do healthy norms spread between those who frequently interact? Or do social
influencers have the most impact? To the best of our knowledge, no research has yet used social VR to answer

these kinds of questions; however, the idea is not without precedent. Epidemiologists have considered the
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TABLE 2 Potential challenges of using VR as a research tool for health psychology research and mitigation

strategies

Challenges

Technological

limitations

Prohibitive  °

costs

Safety U
concerns

Privacy °

concerns

Flexible artificial intelligence programs for
integration into VR experiences are not wide-
spread or easily accessible.

While visual, auditory, and vestibular stimuli are
central to most VR applications, VR simulation
of other senses, particularly touch, smell, and
taste are less well developed.

The cost of VR hardware has brought it within
reach of most research labs

Software can range considerably in cost with
custom development often being cost-
prohibitive.

Mundane safety issues such as tripping and
colliding with real objects.

VR can cause motion sickness (or “cybersick-
ness”) among its users.

Sanitation of VR equipment.

Concerns about safety of long-term VR use
include possible changes in vision and addiction;
these are especially concerning among children
where research and guidelines are lacking.

Example and mitigation strategies

Al is needed to power realistic, interactive conver-

sations with virtual humans, and sensory im-
mersion is important for simulating certain
environmental cues, disease states, medical in-
terventions, etc. Currently these tools are not
yet easily accessible to the typical health psy-
chology researcher. These tools are expected to
become more accessible and at a lower cost
over time. In the meantime, researchers have
used various lower-tech solutions to compen-
sate. For example, human experimenters can
select avatar responses in virtual interactions.

In the best case, a suitable VR program to address

researchers’ needs may already exist. Partner-
ships among researchers (e.g., partnering with
computer scientists), and between researchers
and industry can also greatly reduce cost bar-
riers associated with creating custom content.
The field needs more matchmakers to
encourage these partnerships, as well as the
development of highly flexible VR research

tools.

Mundane sdfety issues such as tripping have been

largely solved by digital systems and human
spotters. A wealth of guidelines exist for mini-
mizing risks of cybersickness™® and there are
several evidence-based sanitation regimens for
VR equipment,® but in order for these mitiga-
tion strategies to be effective, care must be
taken to follow them. Several safety questions
remain related to long-term use of VR and its
effects on children. More research on this topic
is sorely needed. However, most research ap-
plications do not involve long-term equipment
use, so concerns may be less significant in this

context.

VR data can be associated with a user’s identity, Ajthough in a research context privacy is overseen

health, psychological state, attitudes, etc.,®< and
as such should be protected.

by institutional review boards, outside of the
research context there are few situations in
which VR user privacy is protected. VR data

can reveal identifiable physical characteristics
(Continues)
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TABLE 2 (Continued)

Challenges Example and mitigation strategies

o Challenges consenting for collection of data that as well as attitudes and behaviors. As techno-
may later allow for reidentification or for logical development and research progress, the
revealing analyses. amount of information that can be gleaned

from VR data is likely to increase. Movement
data, for example, has been found capable of
identifying individuals uniquely® and may have
future medical diagnostic validity and behav-
ioral data may be able to reveal attitudes that
the participant may not choose to disclose (e.g.
racial bias). This challenge is not unique to VR
data, and approaches for consenting, data
sharing, and legislation have been devised in
other domains including genetics and
genomics.®

2Kemeny et al. (2020).

bPorcino et al. (2017).

“Ydo (2020).

9Bailenson (2018b).

®Yaremych and Persky (2019).

Miller et al. (2020).

EPhillips et al. (2020).

spread of virtual illness in online games as a useful digital proxy for mapping real-world epidemics (Lofgren &
Fefferman, 2007). Not only does the mobility of VR allow researchers to take headsets to their participants in
various locations, it also allows them to tap into vast consumer VR markets to collect data from around the

world in existing virtual communities.

4 | DREAM BIG

VR holds vast potential as a research tool for health psychology, with five key advantages (DREAM). Existing
research has generally utilized the realism and experimental control inherent to VR-research to conduct ecologically
valid and standardized research. Researchers are also beginning to use automatic data collection to measure more
subtle behaviors such as eye gaze or posture. Fewer research studies appear to take advantage of the adaptability
and mobility of VR, possibility due to the practical difficulties and costs associated with programming unique VR
environments or purchasing VR hardware for multisite research. Nevertheless, as VR becomes cheaper and more
readily available, more researchers should access these benefits of VR.

5 | LIMITATIONS AND FUTURE DIRECTIONS

Alongside the accomplishments and potential of VR for the field of health psychology come challenges and areas for
development. Some researchers may find that VR technology is not yet sufficiently developed to meet their needs,

or that its costs are prohibitive; and all researchers should consider the safety and privacy of their participants
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when using VR (see Table 2). It is crucial to avoid the pitfalls described by those already engaged in VR research.

Furthermore, although many research endeavors may benefit from use of VR, there are just as many research
questions whose study would not be aided by VR, and for which, in fact, the technology might detract. Thus, though
VR is novel and appealing, we should thoughtfully evaluate whether it is the right tool in our toolbox before
developing new applications. It is also essential to note that while researchers have explicitly validated the use of
VR for research in some domains of study, it is necessary to establish that new VR paradigms do indeed manipulate,
or measure, intended variables.

6 | CONCLUSION

VR is a novel tool in health psychologists’ toolbox with much-untapped potential. Here, we identify five key
advantages of using VR as a research tool: data collection, realism, experimental control, adaptability, and mobility
(DREAM). 1t is our hope that VR will be used to tackle research questions that could benefit from one or more
of these advantages. In this paper we have showcased some of the ways that VR has successfully been used in
previous research and we hope that health psychologists will consider it as an option more frequently in future.
Although this review is not comprehensive, we hope it will inspire researchers to consider whether and how
VR might be used to augment their own research programs or answer currently impracticable research

questions.
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