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Abstract

As virtual reality (VR) technology enters mainstream markets, it is imperative that we understand its potential impacts on
users, both positive and negative. In the present paper, we build on the extant literature’s focus on the physical side effects of
VR gameplay (e.g., cybersickness) by focusing on VR’s potential to intensify users’ experiences of negative emotions. We
first conducted a preliminary survey to assess users’ emotional responses during VR gameplay, with the results suggesting that
certain VR situations can in fact produce intense negative emotional experiences. We then designed an interactive scenario
intended to elicit low to moderate amounts of negative emotion, wherein participants played out the scenario in either VR
(using the HTC Vive) or on a laptop computer. Compared to the participants who enacted the scenario on the laptop, those
in the VR condition reported higher levels of absorption, which in turn increased the intensity of their negative emotional
response to the scenario. A follow-up questionnaire administered several hours later revealed that the intensified negative
emotions resulting from VR had a significant positive correlation with negative rumination (i.e., harmful self-related thoughts
related to distress). These results show that VR gameplay has the potential to elicit strong negative emotional responses
that could be harmful for users if not managed properly. We discuss the practical and policy implications of our findings.

1 Introduction

Virtual reality (VR) is a human—computer interface that pro-
vides users with various physical sensations (e.g., visual,
haptic, auditory) to increase realism in the virtual world
(Seth et al. 2011). This heightened sense of realism pro-
duces a phenomenon known as “presence,” which refers
to the user’s authentic experience of being in the virtual
world as a result of visual or auditory displays generated by
a computer (Sheridan 1992; Barfield and Hendrix 1995).
VR’s ability to provide users with highly realistic immersive
experiences asserts it as a powerful tool that can potentially
allow for the creation of novel consumption experiences (De
Gaugquier et al. 2018; Lau and Lee 2018).

As VR technology becomes more mainstream, it is impor-
tant to understand its potential impacts on users, both positive
and negative (Lavoie and King 2019). While the majority
of research has focused on the positive effects of VR (e.g.,
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Cardos et al. 2017), we contend that it is equally critical to
examine potential negative outcomes as well. Specifically, we
suggest that it is important both to understand and actively
work to mitigate any negative consequences associated with
VR usage. Based on a review of the literature, preliminary
conversations with VR developers, and research from within
the academic community, it is evident that VR use can result
in negative physiological outcomes, such as nausea or dizzi-
ness (Regan 1995; Akiduki et al. 2003) and eye fatigue (Cao
et al. 2019). However, there appears to be limited evidence
regarding any other negative consequences related to VR.
Our research builds on prior studies demonstrating
VR'’s ability to influence emotions (Plante et al. 2003) by
using survey and experimental methodologies to empiri-
cally explore VR’s potential to elicit negative emotional
responses, particularly in relation to VR video games. Our
findings identify a key ethical concern, namely, that VR
gameplay may potentially have harmful emotional conse-
quences for users, depending on the nature of the content.
First, we conducted a survey of people’s previous experi-
ences with VR in order to obtain preliminary evidence of
any resulting intensified negative emotional outcomes. The
survey results revealed that certain virtual reality content
(i.e., frightening characters) did lead to strong, persistent
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negative emotions. While the survey results indicated that
VR experiences can produce strong negative emotions, it is
also true that other mediums can do so as well. Therefore, in
Study 2 we directly compared the relative strength of nega-
tive emotions elicited by the same video game content in
both 2D and VR. To do so, we partnered with a video game
developer to create a game that would elicit low to moderate
levels of negative emotion and that could be played in both
VR and on a laptop.

The results of Study 2 revealed that the participants who
had played the video game in VR experienced stronger nega-
tive emotions afterward compared to those who had played
it in 2D on the laptop. In particular, VR enhanced the level
of absorption into the scenario, which mediated an increase
in the shame users felt about their actions during gameplay.
As a psychological state, absorption is driven by sustained
full attention to a narrow set of stimuli to the point of losing
awareness of everything else (Lavoie and Main 2019a). The
participants were also asked to complete follow-up meas-
ures later in the day, which showed that the enhanced nega-
tive emotions resulting from the use of VR had a significant
positive correlation with negative rumination, a maladaptive
form of self-reflection characterized by repetitive and pas-
sive thought patterns focusing on the symptoms and causes
related to the distressing event (Nolen-Hoeksema 1991).
This is noteworthy, as the pretest findings suggested that
the scenario used in this experiment was relatively neutral
with regard to negative emotions elicited.

Given VR’s ability to produce such powerful effects with
relatively neutral stimuli, it is plausible that such effects may
become even more pronounced in response to more stressful
VR gaming experiences. Thus, our results provide prelimi-
nary evidence that, depending on the nature of the gameplay,
VR use can cause some users to experience emotional harm
and that firms producing VR video games ought to take steps
to mitigate such harm in the design and marketing of their
products.

2 Literature review

2.1 Is VR harmful?

The potential harm caused by VR is well established, with
negative side effects having been reported since in the early
1990s (e.g., Sherman and Judkins 1992). Perhaps the most
well-documented and prevalent negative consequence of VR
is that it can cause users to experience vertigo, nausea, or
dizziness (Jones 1996; Akiduki et al. 2003), also referred
to as cybersickness or simulator sickness (e.g., Mittelstaedt
et al. 2019). Fortunately, most cybersickness symptoms are
mild and subside relatively quickly (Nichols and Patel 2002).
More recently, research has explored and demonstrated other
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negative consequences related to VR, including reduced
cognitive performance (e.g., reaction times, Mittelstaedt
et al. 2019; Szpak et al. 2019), physical fatigue (Smith and
Burd 2019), eye fatigue (Cao et al. 2019), postural instabil-
ity (Kennedy and Stanney 1996), and physical discomfort
(Wibirama et al. 2019). Despite the abundance of evidence
for potential negative consequences related to VR usage,
these consequences have predominantly been related to neg-
ative physical and/or physiological outcomes. As such, this
research expands the literature on the negative outcomes of
VR usage by exploring its potential negative psychological/
emotional consequences.

Given the nascent level of understanding with regard to
the emotional/psychological outcomes of VR gameplay, we
attempted to gain further insight by interviewing various
VR industry professionals. These interviews were conducted
with the aim of establishing whether VR developers give
consideration to potential negative consequences related to
VR usage, and to gain unique insights regarding any poten-
tial side effects of VR usage, specifically those related to
emotion and cognition. The sample consisted of a small
group of professionals from five companies that create VR
experiences. The participants possessed a wide range of
experience within the industry, having held a variety of posi-
tions over their careers including developer, designer, pro-
ducer, coder, creative director, writer, experience prototype
creator, and project manager, among others. Each participant
was asked two questions: (1) Are you aware of any negative
consequences that users may experience from using VR and,
if so, can you describe them? And (2) do you have any par-
ticular concerns for users beyond the established negative
consequences and, if so, can you explain these concerns?

Notably, each participant indicated that they did have
concerns related to user safety when creating virtual reality
experiences. The most common concerns expressed by the
participants related to the known physiological side effects
of using VR technology, particularly motion sickness and the
potential for users to suffer injuries while interacting with
their surroundings during the virtual experience. Less com-
mon but still present were concerns related to emotional side
effects that may persist after the VR experience has ended.
Some comments exemplifying each concern are given in
Table 1.

Even with this small sample, it is evident that develop-
ers are conscious of the physiological consequences of VR.
However, the interviews also established that some partici-
pants wondered whether VR’s ability to create highly real-
istic experiences may be powerful enough to leave longer
lasting negative outcomes. This concern, combined with the
participants’ general lack of knowledge about these negative
emotional/psychological consequences of VR use, provides
the impetus for the present research.
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Table 1 Industry professional concerns

Comment Position Type of danger

“You need to be constantly wary of making your users sick” VR designer Physical

“I worry about experiences targeted at teens because the tech is designed for fully developed eyes and ~ UI/UX designer Physical
optical systems”

“Experiences with lots of movement have resulted in injury when people accidently hit walls/objects in VR company founder, Physical

their play space”

“does the fear, or the after effects of it persist longer generating some type of PTSD style effects?”
“we are constantly worried about the potential psychological issues involved”

VR game designer
VR designer, producer Psychological

VR creative director ~ Psychological

2.2 The potential side effects of playing video
games

There has been a long-standing debate in the literature
about whether entertainment media such as video games
are capable of causing some form of substantive psycho-
logical “harm.” Due to the prevalence of violent content in
such media, the majority of research in this area has focused
on the relationship between violent content and aggression
(Smith, Lachlan and Tamborini 2003; Collier et al. 2008).
Findings have shown that exposure to violent video games
has both short- and long-term effects on aggression, includ-
ing increased prevalence and/or intensity of aggressive
thoughts, affect, behavior, and delinquency (Anderson and
Dill 2000; Anderson et al 2004).

In the short term, the effects of video game violence
on aggression are partly driven by the in-game rewarding
of violent behavior (Carnagey and Anderson 2005), com-
petitiveness created by the video game (Anderson and Car-
nagey 2009), and arousal (Fleming and Rickwood 2001). In
the long term, these effects tend to manifest in the form of
desensitization to violence (Carnagey et al. 2007), changes
in personality (Bartholow et al. 2005), and identification
with the characters in the game (Funk and Buchman 1996;
Schneider 2004). Significantly, desensitization to violence
has also been associated with a decrease in empathy outside
of the video game world (Funk et al 2003).

Video games can also have negative outcomes in the form
of addiction (Chiu et al. 2004; Lemmens et al. 2009). In
particular, video game addiction and extended playing time
have been connected to decreased mental health, including
lower life satisfaction and increased anxiety and depression
(Mentzoni et al. 2011). Furthermore, excessive playing time
can negatively impact mental health, as it can significantly
reduce the quality and amount of sleep one gets (Krejci
et al. 2011). Another concern in this domain is escapism,
which is the maladaptive strategy of playing video games to
escape from real-life problems (Kaczmarek and Drazkowski
2014). Becoming immersed in video games and entertain-
ment media can be dangerous, as it can limit one’s ability to

keep track of and focus on things that are important in real
life (Lavoie and King 2019; Lavoie and Main 2019b).

The relationship between violent content and aggres-
sion has also been demonstrated in VR, with findings hav-
ing shown that exposure to violent VR can lead to elevated
levels of aggression (Calvert and Tan 1994) and hostile
thoughts (Tomborini, Eastin, Skalski, Lachlan, Fediuk and
Brady 2004). However, while researchers have attempted to
determine whether VR has greater potential to elicit higher
levels of aggression compared to 2D video games, empiri-
cal support for this hypothesis is still lacking (Arriaga et al.
2008; Eastin and Griffiths 2006).

Although the above findings suggest that violent video
game content and video game addiction pose significant dan-
gers, there is a need for more research. For instance, reviews
of the research on the negative effects of video games cau-
tion that the ability to establish causal relationships between
video games and violent behavior is limited due to meth-
odological concerns and inconsistencies in the data (Dill
and Dill 1998). Moreover, meta-analysis findings suggest
that the effect size of video game violence on aggression
is smaller than that of TV violence (Sherry 2001), while
other researchers have noted that a review of the literature
raises concerns about publication bias (Ferguson 2007).
Thus, there is a need for more empirical research on the
potential negative effects of video game content, specifically
whether the use of VR has a greater potential for negative
emotional consequences (Eastin and Griffiths 2006; Ivory
and Kalyanaraman 2007).

2.3 Hypothesis development

Our research contributes to the literature on the potential
psychological harm of entertainment media by considering
how the unique aspects of VR gameplay may produce nega-
tive emotional consequences. We seek to demonstrate that,
unlike 2D gameplay and movies, VR possesses a unique
ability to elicit negative emotions and rumination due to
its ability to stimulate levels of emotional arousal that are
almost identical to real life (Slater et al. 2006). We sug-
gest that, relative to other technologies, virtual reality (VR)
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enhances absorption into gameplay, which intensifies nega-
tive emotion. Moreover, we suggest that the intensified emo-
tional experiences resulting from VR lead to increased rumi-
nation and subsequent downstream negative consequences
for users.

First, we explain why and how VR enhances absorption,
referred to as a deep state of involvement characterized
by feelings of temporal dissociation and focused immer-
sion (Agarwal and Karahanna 2000). Absorption develops
over time, after one has devoted full attention to a limited
stimulus field for long enough that it becomes the totality
of their awareness, causing them to lose track of time and
self-awareness (Csikszenthimalyi and Lefevre 1989; Engeser
and Rheinberg 2008; Lavoie and Main 2019a).

VR allows the user to experience an artificial environ-
ment firsthand through sensory stimuli (Lanier and Biocca
1992). Compared to other technologies, VR possesses sev-
eral unique characteristics that foster absorption and that
can enhance potential negative outcomes (Arriaga et al.
2008). Most notably, from a technological standpoint, VR
features enhanced vivid imagery (i.e., breadth, depth) and
interactivity (i.e., speed, range, mapping) (Steuer 1992).
In addition to providing a surrounding visual environment
and accommodating many sensory modalities, these tech-
nologies give VR the unique ability to transport people to
mediated contexts that can be experienced as though they
were real (Van Kerrebroeck et al. 2017). This unique psycho-
logical experience is called “presence,” which refers to the
feeling of being present in a particular computer-mediated
environment as opposed to the current physical environment
(Sheridan 1992).

It seems reasonable to posit that the degree to which a
user becomes absorbed in a virtual environment will largely
depend on the VR technology’s ability to make the user
feel as though they are in that environment rather than the
physical environment (i.e., presence). Indeed, it has been
suggested that presence is a critical factor in one’s abil-
ity to experience absorption (Banos et al. 1999). The full
visual field provided by VR eliminates all visual traces of
the physical environment and fosters both the focused atten-
tion and temporal dissociation characteristic of absorption.
VR’s distinct elements of vividness and interactivity work in
concert with this full visual field to engender differentiated
(enhanced) degrees of presence in players, thus resulting in
heightened levels of absorption (Murray et al. 2007).

We suggest that the increased absorption experienced
in VR will in turn intensify emotions—including negative
emotions—elicited from gameplay. For example, a player
may experience varying degrees of anger, from being a little
angry to very angry, as they become more deeply absorbed
in the game. In fact, absorption has been suggested as the
factor that determines VR’s ability to induce physiological
arousal (Macedonio et al. 2007). The power of absorption

@ Springer

in VR is noteworthy, as VR experiences have been shown
to elicit real physiological responses, including changes in
heart rate (Dotsch and Wigboldus 2008), blood pressure, and
cortisol (stress) levels (Bullinger et al. 2005).

Analysis of the factors that contribute to emotional inten-
sity—for example, one’s appraisal of a given context and
their concerns about it (Sonnemans and Frijda 1995)—fur-
ther supports the positive relationship between emotional
intensity and absorption (Riva et al. 2007). As such, we
hypothesize that absorption induced through VR gameplay
will enhance one’s appraisal of their context, as well as their
concerns related to it. With regard to appraisals, the emer-
gence and intensity of emotion will be based in part on how
real the player perceives the situation to be, including their
ability to interact with the scenario and the implications
of their actions (Frijda 1988). In particular, situations that
feel highly realistic will elicit a high degree of emotional
intensity, whereas those that do not will only elicit a weak
emotional response, if any at all (Ortony and Clore 1988).
Since absorption has been suggested to be a mediating factor
in determining the perceived realness of a VR experience
(Banos et al. 1999), it follows that it would also be a primary
contributor to such appraisals and the emotional intensity
elicited by them.

It has been suggested that emotions arise and intensify
only if an event is deemed to be relevant, as one’s particular
goals and interests largely determine the degree of impor-
tance (i.e., concern) assigned to various situations and
behaviors. Thus, events that are deemed relevant and impor-
tant tend to elicit more intense emotions (Sonnemans and
Frijda 1995). Since absorption into a given event is partly
driven by a high degree of interest and full involvement in
that event (Csikszentmihalyi and LeFevre 1989), the emo-
tions that are experienced during that event should be per-
ceived as relevant and important. As a result, these emotions
are more likely to be activated and intensified. The inherent
importance and relevance of emotion in VR experiences
is evidenced by the relatively strong level of empathy that
users feel for the characters when they are absorbed in the
experience (Shin 2018). Furthermore, findings have revealed
a high degree of congruence between behavior in VR and
behavior in real life (McCall et al. 2009). For example, the
performance of participants in a VR simulation of Milgram’s
obedience experiments was almost identical to the perfor-
mance of participants in the original studies (Slater et al.
2006). These findings suggest that, compared to 2D games,
emotions take on greater relevance and importance in VR as
aresult of its ability to create highly realistic contexts, which
in turn cause users to become fully interested and involved
(i.e., absorbed). Therefore, VR’s enhanced ability to facili-
tate absorption not only increases the likelihood of eliciting
emotions among users, but it also increases the likelihood
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that these emotions will be felt more strongly than those
experienced in 2D games.

In summary, we suggest that, relative to 2D technologies,
VR will intensify any negative emotions experienced as a
result of one’s actions during gameplay. This relationship
will be mediated by VR’s ability to enhance absorption into
gameplay, which will increase the importance of the game-
play and the subsequent intensity of emotions that are expe-
rienced, including negative emotions. The mediation model
is formulated below as a formal hypothesis and presented
graphically in Fig. 1.

H1 Relative to 2D technologies, VR will enhance absorption
into an experience, which will mediate an increase in the
intensity of negative emotions that result from one’s actions
during the VR experience.

We suggest that, in addition to their immediate conse-
quences, enhanced negative emotions can lead to problem-
atic downstream effects such as negative rumination, which
is a maladaptive form of self-reflection consisting of repeti-
tive thoughts focused on unpleasant stimuli (Nolen-Hoek-
sema et al. 2008). Negative rumination can be a powerful
source of anxiety and depression (Nolen-Hoeksma 2000;
Mor and Winquist 2002), as lingering negative emotions
can lead to and be amplified by intrusive rumination (Taku
et al. 2009). In extreme cases, negative rumination can result
in conditions such as post-traumatic stress disorder (Yehuda
2002), as the intense emotions associated with the ruminated
upon event are re-experienced and can become amplified
with each iterated recollection (Sonnemans and Frijda 1995).

While violent video games (e.g., Fortnite, Grand Theft
Auto) often require players to commit morally egregious
acts, such as killing someone, the emotional/psychologi-
cal consequences of such acts tend to be relatively minor
due to relative lack of realness in 2D video games. Given
VR’s enhanced sense of realness, we suggest that it is criti-
cal that developers understand where to draw the line with
VR experiences, and to understand the potential negative
consequences that can result from such morally challenging
content. Since we did not want to intentionally expose our
participants to actual harm, this research sought to demon-
strate that even VR situations causing relatively low amounts
of stress can lead to negative rumination hours afterward.

Fig. 1 VR mediation model

Virtual Reality

H2 The intensity of negative emotion after the VR experi-
ence will have a significant positive correlation with nega-
tive rumination after the experience.

2.4 Research studies

Study 1 was designed to establish whether actual users of
VR have experienced negative affective outcomes from
using this technology. To this end, VR users were asked
to answer a survey that was designed to capture their past
experiences with VR. Although this methodology does not
directly support our hypotheses, it provides a real-world ret-
rospective examination of the issue. Given this, Study 2 was
designed to provide direct support for Hypotheses 1 and 2
by having participants engage in an actual VR gameplay
experience.

2.5 Study 1: VR user self-reports of past VR
experiences

The goal of Study 1 was to provide partial support for
Hypothesis 1 by obtaining initial evidence that VR prod-
ucts are capable of eliciting intense negative emotional
experiences, depending on the nature of the gameplay. It is
important to note that Study 1 did not specifically explore
the negative outcomes of using VR; rather the focus was
users’ negative experiences within the VR world itself, for
example, experiencing extreme levels of fear while play-
ing a VR horror game. We employed a survey methodology
with a larger group of gamers in order to gather information
about their negative affective experiences with VR games.
This approach was selected because it allowed us to obtain
information from a larger number of people than would be
possible with in-depth interviews, while still allowing for
enough depth and description to convey the intensity of the
experiences.

2.6 Method

Participants The survey was conducted using Amazon’s
MTurk and Crowdflower, which are both online crowd-
sourcing platforms. A total of 138 respondents were
recruited across both platforms (M,,.=34.55, 61.31%
male), with participants receiving nominal compensa-

tion for their time.

Absorption

v

Negative Emotion
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Design and procedure Participants were asked whether
they had ever had an intense negative VR experience that
persisted afterward (yes/no). If they said yes, we asked
them what bothered them about the experience and to
describe it.

2.7 Results

Of the 138 participants, 96 (69.57%) had tried virtual reality.
Of the 96 people who had tried VR, 34 (35.42%) reported
having had a strong negative affective experience that per-
sisted after the VR experience had finished, with a large
portion of these respondents reporting that the affect per-
sisted for a relatively significant period. The open-ended
survey responses were analyzed by looking for evidence of
intense negative emotion. Some examples of the negative
experiences described by the participants that demonstrate
a heightened level of intensity are provided in Table 2.

The survey results suggest that, for many users, the real-
ness of the VR experience intensifies negative emotions. As
we theorized, the participants cited the realness of the VR
experience and the attendant sense of presence as the key
factors behind the intensification of negative emotions (i.e.,
fear, anxiety). Although the results of Study 1 do not pro-
vide direct support for our hypotheses, the number of par-
ticipants who reported experiencing intense negative affect,
along with their descriptions, provides preliminary support
for our claim that virtual reality experiences can contribute
to negative affect. Importantly, the results of Study 1 are
based on user experiences with actual VR games/experi-
ences that exist in the marketplace. In Study 2, we attempt to
demonstrate VR’s ability to elicit more powerful emotional
experiences by having users play a game wherein they must
negotiate difficult moral dilemmas, rather than simply deal-
ing with the sort of “scary” stimuli (e.g., creatures jumping
out) typically described by the participants in Study 1.

2.8 Study 2: virtual reality product trial

Study 2 was designed to gain a deeper understanding of how
users are affected by experiencing stressful or negative emo-
tions in virtual reality. This study was designed to achieve
two primary goals. First, it sought to support Hypothesis
1 by demonstrating that participants will become more
absorbed in the VR experience (vs. the 2D experience on
the laptop) and that their level of absorption in this experi-
ence mediates the strength of any negative emotions experi-
enced by them. Second, it sought to support Hypothesis 2 by
demonstrating the relationship between the strength of the
participants’ negative emotions and the amount of negative
rumination that occurs following the experience. However,
before Study 2 could be conducted, we needed to develop
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a scenario in VR that was capable of eliciting a moderate
amount of negative emotion.

2.8.1 Pretest

We partnered with a local game developer to create a custom
script and VR experience for use in this study. Given our
concerns about the potential consequences of negative emo-
tion resulting from VR use, we aimed to develop a scenario
that would only induce a moderate amount of negative emo-
tion. To this end, we brainstormed situations wherein the
participant may be required to act in a way that might elicit
negative emotions, but not be forced to do anything uncon-
scionably bad (e.g., murder). Ultimately, we chose a bar-
tending scenario because we wanted the participant to have
to engage with a stranger who had done something wrong
partly due to participant’s actions. Specifically, the VR sce-
nario situates the participant as a bartender who has over-
served a customer; this customer then does something “bad,”
thus creating the potential for the participant to feel negative
emotions due to their role in the customer’s behavior. To
determine a situation that would induce different degrees
of negative emotional response, we first generated a series
of outcome scenarios of varying severity wherein the over-
served customer: assaulted and killed someone; assaulted
their significant other; killed someone while texting and
driving; assaulted a stranger; robbed a convenience store;
crashed their car into a building causing damage; and stole
a vehicle. We then ran a pretest to determine the strength of
the negative emotions elicited by each of these outcomes in
order to find a scenario that would elicit a moderately nega-
tive emotional response.

Participants in the pretest (42 MTurk workers,
M,,.=34.81, 64.3% male) were asked to rate how badly
they would feel on a scale from 1(not upset at all) to 7 (very
upset) if their decision to overserve someone had resulted
in the above-described scenarios. The averages for each sce-
nario were as follows: fought and killed someone (6.24);
assaulted their significant other (6.12); killed someone
while texting and driving (6.05); assaulted a stranger (5.86);
robbed a convenience store (5.45); crashed their car into a
building causing damage (5.21); and stole a vehicle (5.17).
We selected “assaulted a stranger” for the VR gameplay
script because we wanted a scenario that would be powerful
enough to elicit negative emotions without risking harm to
participants. In addition, we attempted to further protect the
participants by making sure that the VR scenario did not
require them to witness or take part in the act themselves.
Thus, our study provides a conservative measure of the
potential negative emotional consequences of VR.
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2.8.2 Main study method

Participants Forty-eight participants (aged 18-62,
Mage=24.60, 54.2% male, 29.2% ESL) were recruited
on the campus of a large Canadian University and were
compensated $20 for their participation in the study.
Design Participants were randomly assigned to one of
the two groups. Those in the first group engaged with the
pretested and developed virtual reality simulation using
an HTC Vive head-mounted display; those in the sec-
ond group engaged with the same scenario on a 15.4"
MacBook Pro laptop, which had an Intel Core i7 proces-
sor, 16-GB memory, and a Radeon Pro 555 X graphics
card on a Mojave operating system. This created a 2-cell
between-participants experimental design. Dependent
measures related to negative emotions were collected
using a follow-up questionnaire immediately after the
gameplay experience.

Procedure The participants assigned to the laptop condi-
tion were taken to a table in a separate area that had been
reserved. A research assistant explained how to use the
Mac laptop buttons, the nature of the task, including how
to navigate through the story, and the choices they could
make. The participants were then given Apple in-ear
headphones and were left to complete the scenario. Par-
ticipants in the VR condition were given a 5-min tutorial
by the VR developer on how to use the VR equipment,
including the handset controllers. They were then given
an opportunity to practice the tasks they would engage in
during the scenario, including grabbing items and click-
ing on virtual buttons. Once the participants felt comfort-
able using the VR controls, the gameplay scenario was
started under the supervision of the VR developer and the
primary researcher.

All participants engaged in a story simulation in which
they assumed the role of a bartender serving a customer
drink. As the participants progressed through the experi-
ence, they engaged in a conversation with the customer by
selecting between two to three responses to the customer’s
remarks. Eventually, the customer becomes intoxicated due
to being overserved and leaves the bar. The participant is
then shown a news article detailing how, after leaving the
bar, the customer assaulted someone and put them in the
hospital. The next day, the customer returns to the bar, while
the police are looking for him. At this point, the participants
must choose whether to let the customer go free, inform
the police about the customer’s whereabouts behind their
back, or to inform customer that they are notifying the police
of their whereabouts (see Appendix for the story descrip-
tion and characters). Following the gaming experience, we
assessed our variables of interest through a questionnaire.

2.9 Questionnaire

In order to measure our mediator (absorption), we used the
flow absorption subscale (Rheinberg et al. 2003; four items,
a=0.80), which includes items such as “I lost track of time”
and “I was completely absorbed in the experience.” We also
wanted to demonstrate that increased absorption mediated an
increase in the strength of the negative emotions experienced
by the participants. In order to assess negative emotion, we
asked participants, “to what degree did you feel ashamed from
what happened in the scenario?” (1 =not at all, 7= very much
s0). We chose to assess shame because it is a negative emotion
that would be related to the VR gaming scenario. Furthermore,
shame is a negative emotion that is activated when someone
makes an internal attribution about a socially undesirable out-
come (Tracy and Robbins 2004). As the bartender in the sce-
nario, the participants may partially blame themselves for the
assault due to overserving the customer, thus inducing shame.

Lastly, we wanted to demonstrate that the strength of the
experienced negative emotion is positively correlated with
negative rumination after the experience. In order to meas-
ure negative rumination, we sent all participants a link to a
questionnaire four hours after the study. The questionnaire
asked participants whether they had any negative thoughts
about the experience since finishing the study (yes/no); if the
participant answered “yes” to this question, they were fur-
ther asked to estimate the number of negative thoughts they
had and to describe the thoughts to the best of their ability.
The questionnaire also included demographic measures and
other measures that were of interest to the company we had
partnered with to create the scenario. As such, these results
are not discussed here.

2.10 Results

We ran an independent samples 7 test between the two
groups in order to determine whether the participants in
the VR scenario had a greater level of absorption than their
counterparts in the laptop condition. The test for homoge-
neity of variance across the two groups revealed no dif-
ference in variance (F'=0.606, p =0.440). The results of
the ¢ test revealed that the two groups differed in level of
absorption, with those in the VR condition being more
absorbed (Myy=4.64, S.D.=1.20) than those in the com-
puter condition (Mopmpurer =3-88, S.D.=1.41, 1(46)=2.05,
p=0.047). We also ran the same analysis on how ashamed
participants felt after the VR experience. Once again, the test
for homogeneity of variance across the two groups revealed
no difference in variance (F'=0.003, p =0.960), while the
independent sample ¢ test showed that those in the VR condi-
tion reported feeling more shame (Myr=3.62, S.D.=1.68)
than those in the computer condition (M¢copputer =259,
S.D.=1.62, 1(46)=2.14, p=0.038).
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Based on Hypothesis 1, the participants’ feelings of
shame should be mediated by their degree of absorption into
the VR scenario. To examine this relationship, we ran Model
4 of the SPSS Process Macro (Hayes 2013). The results of
this analysis showed that absorption mediates the effect
of VR on feelings of shame, as the 95% confidence inter-
val of the indirect effect did not contain zero [3=0.3084,
S.E.=0.2018, 95% C.I1.=0.0262, 0.8865]. When consid-
ered alongside the positive path between VR and absorp-
tion [$=0.7692, S.E.=0.3760, 95% C.1.=0.0124, 1.5261],
the positive path between absorption and feelings of shame
[6=0.4009, S.E.=0.1800, 95% C.1.=0.0383, 0.7635], and
the lack of a significant direct relationship between VR and
feelings of shame when absorption is included in the model
[#=0.7161, S.E.=0.4795, 95% C.I.=—0.2497, 1.6819],
this result supports the hypothesis that absorption accounts
for why participants in the VR condition experienced
stronger negative emotions as a result of their actions than
those in the laptop condition (Fig. 2).

Lastly, we wanted to demonstrate that the increased levels
of shame among participants in the VR condition had a sig-
nificant positive relationship with rumination following the
experience. To this end, we ran a bivariate correlation based
on the 30 participants (62.5%) who answered the follow-up
questions. As expected, the results revealed a significant pos-
itive correlation ((30)=0.383, p =0.038) between shame
and negative rumination following the VR experience. We
also conducted a binary logistic regression with shame as the
independent variable predicting whether participants rumi-
nated (yes/no) about the experience. Once again, the results
indicated that feelings of shame increased the likelihood of
negative rumination (Wald=3.12, =1.12, S.E.=0.632,
p=0.077). To validate our findings, we assessed the normal-
ity of the interval data (shame), which revealed acceptable
levels of skewness (=0.452, Std. Error=0.343 and Kur-
tosis=—0.672, S.E.=0.674) (Hair et al. 2017). Together,

these findings provide further insight into the concerns that
emerged during our interviews with industry profession-
als, and they also provide support for our survey results by
empirically demonstrating that the use of VR technology can
in fact have negative emotional consequences. We discuss
the contributions and implications of these findings below.

3 General discussion

Although the immersive nature of VR enhances experiences
in many contexts, our research highlights the need to under-
stand the potential negative emotional consequences that can
result from the use of this technology. The present research
contributes to the literature by demonstrating an ethical con-
cern related to VR use, such that relative to 2D video games,
VR games are capable of intensifying negative emotions elic-
ited during gameplay and that these emotions persist beyond
the gameplay experience. As the results of Study 2 demon-
strate, absorption into the gaming experience mediates the
intensification of negative emotions experienced during VR
gameplay. These findings are further supported by the results
of our survey of VR users, which also showed that the use
of this technology can lead to negative emotional outcomes.

The studies presented herein serve as a foundation for
future research into the negative consequences of VR use
and as a call for raised awareness in VR industry practices.
The primary takeaway from this research is twofold: First, it
is critically important to understand the various harms that
may be caused by the wide range of VR situations that users
may be exposed to; and, second, it is essential that develop-
ers take steps to manage the potential for such harm. The
interviews conducted with industry professionals in Study
1 highlighted a desire for and lack of knowledge about the
psychological consequences of VR. Despite their concern
for the well-being of VR users, VR developers continue to

Fig.2 VR mediation findings B=.7692 Absorption ﬁ = 4009
S.E.=.3760 S.E.=.1800
Virtual Reality f=7161 »| Negative Emotion
S.E.=.4795

Table2 Study 1 comments

Comment

Participant

“it was some horror game I was playing and something scared the crap out of me and I ended up freaking out, falling over and

Participant #5

throwing up. It had me fearful to use the equipment for about a week and I got sick even just thinking about it”

“I was playing a horror video game in VR and became very stressed out and scared while playing the game. I had to take the

headset off and just stop playing. I had nightmares that night”

“I tried a scary game in my headset. It had a lot of tension and was extremely realistic. It stressed me out and made me want to

avoid scary games”

Participant #10

Participant #2
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operate without fully understanding the implications of their
products, thereby limiting their ability to take steps to miti-
gate any negative outcomes.

With respect to harm management, there are a number of
potentially effective avenues that could be explored. From a
public policy perspective, a VR-specific rating system could be
implemented in order to warn users of a game’s potential to
cause harm. This approach has already been implemented for
other video games due to concerns over children’s exposure to
inappropriate stimuli, with game content currently being moni-
tored by the Entertainment Software Rating Board “ESRB”
(Stroud and Chernin 2008). Under this policy, the ESRB pro-
vides age-based suggestions based on the amount of violence,
sexual content, and profanity within a given game through desig-
nations such as “E10+" (10 and older) and “AO” (adults only).
Our results suggest that VR use can have unique consequences
and that both academics, VR developers, and policy makers
should establish which types of scenarios should be limited in
VR and what content is appropriate for various age groups.

Organizations, including those that develop VR content,
are held to ethical standards based on their responsibilities to
stakeholders, which include the well-being of those who use
their products, their environmental impact, and their impact on
society as a whole (Carroll 1979). As such, organizations are
increasingly expected to take responsibility for more social and
environmental issues relevant to their operations through their
policies and actions (Young 2008). Lindorf et al. (2012) sug-
gest that social responsibility entails the appropriate regulation
and governance of a firm’ activities and that social responsibil-
ity should be integrated within a firm’s strategy. Given the ethi-
cal concerns related to VR content highlighted by our findings,
we suggest that VR firms have a duty to ensure the safety of the
people who use their products. Following theory related to cor-
porate social responsibility, we suggest that development and
research into new VR products should carefully consider the
negative emotional outcomes discussed in this research. Ulti-
mately, we hope that this research sparks future conversations
about the potential psychological/emotional consequences of
virtual reality and how these potentially adverse effects can be
mitigated in order to protect VR users.

4 Limitations and future research

One key limitation of this research is that we only experimen-
tally evaluated one potentially harmful situation. As such,
future research should be conducted to demonstrate other
types of stimuli/situations that may potentially be harmful
to VR users. In addition, we considered a low to moderately
stressful situation that does not require the user to commit a
crime or a harmful act. However, other video games or VR
experiences are likely to contain scenarios that require users
to perform such actions, for instance, defending themselves

from a robbery or committing the sort of violent acts that are
common in a game like Grand Theft Auto. Given VR’s high
level of realism, video games in this medium could poten-
tially expose players to situations that take a long time to
recover from emotionally and can have other downstream
psychological effects, for example the death of a character
who is important to them or some other traumatic event.

On the other hand, it is important to note that some content
may not elicit an increased amount of negative emotion in VR.
We used a scenario in which the participant’s behaviors elicited
stronger negative emotion in VR. However, pictures/symbols
such as a road sign that suggests danger can elicit negative
emotion in 2D which may not increase in strength in VR. Fur-
thermore, since the focus of our research was limited to shame,
future research should explore other negative VR-related emo-
tional outcomes such as sadness, depression, and anxiety.

Our research focused exclusively on the emotional reac-
tions of adults, but it is very likely that younger players,
including children, will experience more extreme emotional
reactions (Drolet et al. 2007). Therefore, research should
explore which demographics are most susceptible to the neg-
ative effects of VR. For instance, it seems plausible that VR
users who are higher in moral identity might be more nega-
tively affected by their choices during gameplay, as moral
identity is a chronic part of one’s self-concept that is repre-
sented by a set of moral traits, such as being caring or empa-
thetic (Aquino and Reed II 2002). As we demonstrate in
Study 2, the degree to which someone becomes “absorbed”
in a VR scenario will influence the intensity of their negative
emotional outcomes. Thus, it would be interesting to explore
individual differences in levels of absorption, for example
openness to experience, which is characterized by a drive to
examine and experience seeking (McCrae and John 1992).

It will also be important for future research to gather lon-
gitudinal data, as this will enable a more robust to understand
the VR’s long-term effects. Our data were limited in the sense
that we followed up with participants later the same day;
as such, future research could analyze a more broad time
frame in order to understand how long it takes for such effects
to dissipate, or whether they actually get worse over time.
Indeed, it is possible that negative rumination or affect may
strengthen over time or with repeated game play, or that the
emotionally charged VR experiences may interact with other
events in a user’s life to produce negative emotional conse-
quences. Relatedly, there are individual difference variables,
such as age or personality factors, that will influence the
amount of time it takes for the emotions to dissipate (Ridg-
way et al. 1990; Ahn et al. 2016). Another possibility is that
VR users will become desensitized to the stimuli in VR and
will have less negative emotional experiences over time.

While our research demonstrates one potential negative
consequence of VR usage, it is important to note that VR may
also have many positive consequences. Similar to our findings
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related to VR’s ability to enhance negative emotions and cog-
nitions, studies have shown that VR can also enhance positive
emotion and cognitions. For example, VR can be used to help
treat disorders related to stress and anxiety (Aiken and Barry
2015; Serino et al. 2014) through cognitive training programs
like mindfulness (Wiederhold and Wiederhold 2008; Chand-
sarisi et al. 2020). VR can also elicit rare positive emotions
like awe (Chirico et al. 2017, 2018), which can in turn have
several positive consequences, including an increased sense
of wellness and life satisfaction (Keltner and Haidt 2003).
Future research should explore how to create content in VR
that fosters awe and other positive consequences (Quesnel and
Rieke 2018), while also mitigating the negative consequences.

5 Conclusion

Our research provides initial support for the notion that VR
content can elicit negative emotional outcomes for its users.
Relative to 2D gameplay, VR facilitates a greater level of
absorption among users, which in turn intensifies any negative
emotions that may be experienced during gameplay. Signifi-
cantly, this intense emotional experience subsequently leads
to negative rumination about the experience after it has ended.
The findings of this research are important given the litera-
ture’s emphasis on the positive aspects of VR and the general
lack of understanding regarding VR’s negative effects. While
the physiological effects of VR (e.g., nausea, “cybersickness”)
have been well established and are being actively mitigated,
the emotional consequences are not. We suggest that policy
makers and VR developers should take action to understand

the emotional dangers of VR in order to protect consumers
(Collier et al. 2008). In addition, we also suggest that more
research be conducted to understand the potential severity of
the negative emotional harm that can result from VR usage, as
such research will be highly useful for devising a proper regu-
latory framework for this technology. For example, research
should explore the breadth of decisions/situations in VR that
can elicit strong negative emotions. While this research pro-
vides a conservative demonstration of VR’s potential to cause
harm, future research could explore whether VR situations
that require the user to engage in morally egregious behavior
(e.g., murder) intensify negative emotions even more. Longi-
tudinal research designs will also be critical in determining
whether the negative effects of VR persist longer than the
one-day period explored in this research.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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Customer in scenario.
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Outline of the VR Scenario.

Participants engage in a conversation with a customer at
the bar that they are a bartender at. They go through a series
of questions with them in which they choose what to ask
him. The scenario goes as follows:

Start

You are a bartender. The bar is quiet, it’s getting late on a
slow night.

A grumpy looking male, aged around 20-25 straddles up
to the bar. He looks like he’s having a bad day. He already
looks like he’s had a few drinks.

Choice- you ask if you can help him or you pour him a
drink without saying anything.

The man thanks you and says he’s had a tough day and
asks for a drink, so you serve him.

Choice- ask about it directly or show support but don’t
ask anything.

He tells you a bit about his day. His car is running funny,
he’s scared of being fired... he says it’s becoming the status
quo.

Choice- you ask about the car, ask about his job, or agree
with him.

He tells you about his car. Due to life circumstances he
cannot afford it to run properly. His car has been overworked
by taking his mom for cancer treatments. He tells you what
he does and how much he hates it. He needs to keep the car
to coordinate taking his daughter because he cannot afford
childcare. He sips his drink in silence and then asks for
another drink.

Choice- You pour one or you decline.

He’s had a tough day. He goes on a bit about his girlfriend
and the problems with her.

Choice- you ask about his mom or you ask about his
daughter.

He talks a bit about his family he asks for more alcohol.

Choice- you give him the bottle or you give him just one
drink.

He finishes it quickly and asks for more. You pour
another. He talks more about his life and how he ended up
doing shift work due to his girlfriend’s school, his mother’s
cancer and juggling childcare for his daughter. He doesn’t
get much time off or alone, his life is all about taking care
of others. He feels like his own health is deteriorating due
to this and he hasn’t gotten a good night sleep in a while.
He thanks you for being an ear to listen and walks out of
the bar drunk.

End of day 1
Start of day 2

You see a news report from the police about a crime commit-
ted (assault) and Crime Stoppers is looking for the suspect.
They describe the same man that was in your bar.

Later that evening the same man walks back into your bar.
He looks worse for wear. He is wearing the same clothes as
yesterday and matches the police description. He asks for
a drink.

Choice- you ask him about his day or you pour him a
drink.

He is vague, he starts explaining another tough day but
says at least he can have some alone time right now. You
mention the news report as just happening around the same
time as he left and ask whether it was him. He says he keeps
having bad days but he denies that was him. He asks why
you think it might be him. You say that he is wearing the
same clothes, that the description seems like him and it
matches the time and place.

He replies by saying, I guess I have the same clothes as
the report, but lots of guys wear the same clothes. You press
for information, you tell him you care. He says yeah, he
matches the description, but so do lots of guys—a lot of guys
would match that description. He asks for a drink.

You pour him one. After a while he sighs and confesses
that it is him. He’s the one the police are looking for BUT
— he has a good reason as to why. He explains the situation,
admits to the crime and tries to say that his emotions got the
best of him and that he was too drunk. You tell him that he
messed up, but you are sympathetic.

He agrees, he isn’t proud of it. But he can’t go to jail. He
makes a compelling argument as to why that would be worse
for everyone and why he wishes he could just slip back into
his life. His mother, girlfriend and daughter depend on him
for everything. If he is gone his mother won’t be able to
make it to her treatments, his girlfriend will have to go to
school (to go back into the workforce) and his daughter will
have to go to more childcare (which is too expensive for
them). And it was just a simple misunderstanding, he never
meant for this to happen.

CHOICE 1: You can report him to the authorities while
he is in your bar so he can be arrested. He is very hurt after
just pouring his heart out to you.

CHOICE 2: You can tell him you feel for him and that he
should lay low for a while. He thanks you for being a good
friend.

CHOICE 3: You tell him that you feel for him (to his
face), but also call the cops (behind his back) to give them
your information on the crime.
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