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ABSTRACT

Virtual Reality (VR)-based treatments for anxiety disorders are efficacious but
there is a lack of research examining anxious responses to VR erotica, which
could innovate treatments for sexual difficulties. We examined erotica fea-
tures that elicited anxiety and sexual presence in women. Thirty-eight
women viewed erotic videos from different modalities (2D, VR) and points
of view (1%, 3" person) and completed anxiety and sexual presence mea-
sures before and after each video. Women experienced greater anxiety for
VR than 2D films and reported the most anxiety for VR 1t person films.
Sexual presence was affected by modality and point of view.

Introduction

VR immerses the user in a three-dimensional (3D) computer-generated world that provides
sensory inputs, including visual, audio, and tactile feedback, giving them the impression of being
in a new, life-like environment. Capital contributions from large corporations have allowed VR
software to be run on smartphones and desktop computers (Cipresso, Giglioli, Raya, & Riva,
2018; Freeman et al., 2017). Further, development platforms (e.g., Unity) can be used to design
VR environments at a low-cost (Cipresso, Serino, & Riva, 2016). These recent changes have led
to VR being applied in several fields, including education (Radianti, Majchrzak, Fromm, &
Wohlgenannt, 2020), physical therapy (Howard, 2017), surgical medicine (Mao et al., 2021),
social skills training (Howard & Gutworth, 2020), and mental health (Freeman et al., 2017).
Cippresso and associates’ (2018) network and cluster analysis of VR-related literature revealed
psychological treatment as the 5% most popular VR research area. Freeman and associates (2017)
highlighted several avenues through which these technologies can innovate mental health research
and clinical practice. Available data suggest that virtual environments (VE) can inform our
understanding of mental disorders. For example, research has shown that VEs can elicit psychi-
atric symptoms in certain clinical samples and have been used to assess fear in individuals with
Specific Phobias (Miihlberger, Biilthoff, Wiedemann, & Pauli, 2007) and social perception deficits
in patients with Schizophrenia (Kim et al.,, 2007). Further, VR has been included in several
treatment programs for anxiety disorders, with the use of this technology varying considerably
among interventions. For instance, some protocols use VR to assist in the administration of
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interventions, such that patients engage in therapy to learn therapeutic skills, and then they
may be immersed within VEs to practice techniques as one treatment component (Meyerbroker
& Morina, 2021). In contrast, Virtual Reality exposure therapy (VRET), which involves the
patient being immersed in a VE of their feared object/situation, has a greater focus on a VR
component, although it is often combined with cognitive interventions (Meyerbréker & Morina,
2021). VRET has been used to treat several Specific Phobias, including fear of heights (Emmelkamp
et al,, 2002), flying (Rothbaum, Hodges, Smith, Lee, & Price, 2000, Rothbaum et al., 2006), and
spiders (Donker et al., 2019).

A meta-analysis of controlled studies showed that VRET is as effective as classical evidence-based
approaches for the treatment of anxiety disorders (Opris et al., 2012). Specifically, there was no
difference between VRET and cognitive behavioral therapy involving in vivo or imaginal exposure
on reductions in participants’ anxiety symptoms, assessed via self-report or by clinician admin-
istered interviews (Opris et al., 2012). Further, Emotional Processing Theory posits that fear
must be activated for effective exposure to occur (Foa & Kozak, 1986). In the VR literature,
presence has been identified as a key mechanism that allows for anxiety to be felt during VRET.
Presence is the experience that one is within the VE despite knowledge that they are not there;
it is a subjective perception influenced by how the viewer interprets stimuli presented by the
VR system (Kyrlitsias & Michael-Grigoriou, 2022; Slater, 2009). A meta-analysis that reviewed
33 VRET studies examined the link between presence and anxiety, and showed a positive rela-
tionship with a medium effect (Ling, Nefs, Morina, Heynderickx, & Brinkman, 2014). VR’s ability
to invoke presence and alter users’ anxiety paired with the wide array of possible VE environ-
ments offers exciting opportunities. This technology could be used to treat fear-based problems
not easily addressed in-person, such as sexual dysfunction.

In their review of current uses of VR in sexology, Lafortune and associates (2020) point out
that anxiety is central to the etiology of several sexual concerns, such as erectile dysfunction
(Nguyen, Gabrielson, & Hellstrom, 2017), Genito-Pelvic Pain/Penetration Disorder (Desrochers,
Bergeron, Landry, & Jodoin, 2008), and sexual aversion (Borg, de Jong, & Elgersma, 2014). Thus,
individuals experiencing these sexual difficulties may benefit from VRET. Unfortunately, there
is a lack of research examining people’s reactions to erotic VR content. Lafortune and associates’
(2022) recent study aiming to validate a VE for the treatment of sexual aversion represents a
step forward in VR applications in sexuality research.

Sexual aversion involves an extreme aversion, strong dislike or disgust towards sex and erotic
stimuli that causes distress and interpersonal difficulties, and affected individuals cope via
avoidance of sexual activity (Borg et al. 2014). A survey study that used a representative sample
(n=8000) of the Dutch population aged 15-71 years revealed that approximately 4.5% of women
and 2.4% of men experienced regular symptoms of sexual aversion (Kedde, 2012). Lafortune
and associates (2022) examined the ability of a VE to elicit emotional responses consistent with
sexual aversion (i.e., anxiety and disgust). Participants low and high in sexual aversion were
immersed within VR sexual scenarios, and both groups reported an increase in anxiety and
disgust as the sexual scenarios became more intense, although this effect was greater for indi-
viduals high in sexual aversion. The authors concluded that their VE could be a component of
an efficacious treatment for sexual aversion, given that it appears safe and elicits levels of fear
sufficient for exposure therapy within the high-sexual aversion group. However, the researchers
acknowledged limitations of their computer-generated stimuli.

First, the authors reasoned that the increase in negative affect across scenarios for the
low-sexual aversion group may be explained by the uncanny valley phenomenon, such that
human-looking entities provoke aversion in human observers (Lafortune, Lapointe, Canivet,
Godbout, & Boislard, 2022; Paloméki et al., 2018). If researchers are aiming to understand
whether VR erotic stimuli elicit anxiety responses, they should investigate users’ reactions to
stimuli depicting real people engaging in sexual acts in addition to computer-generated avatars.
Second, Lafortune and associates (2022) note that their study did not include virtual simulations
of conditions that typically elicit sexual aversion, for example one’s own nudity or genital contact
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between sexual partners. Whether depictions of various sexual activities in VR evoke different
levels of anxiety is a question that requires further exploration. Third, the researchers chose VR
sexual scenes that involved the viewer in a limited way, given that their virtual body was not
a part of the sexual activities.

Recently, Milani et al. (2022) explored women’s user experiences of VR erotica featuring
human actors shown from different points of view (POV). The VR films immersed women in
sexual encounters with a 180-degree field of view. These stimuli depicted dyads (one woman
and a man or two women) engaging in consensual sexual activity that included kissing, genital
touching, cunnilingus, and vaginal penetration. One VR film was shown from the 3™ person
perspective, such that the participant viewed two actors having sex, as if she was on the edge
of the bed that the actors were located on. The other video was from the 1% person perspective,
and it was as if the participant was looking out of the eyes of one of the actors in the scene,
who was lying on their back and receiving sexual stimulation. Notably, this latter condition
provided the viewer with a self-avatar, a virtual representation of a body that could be accepted
as their own (Gonzalez-Franco & Peck, 2018). Research has shown that self-avatars can induce
an embodiment illusion (Peck & Gonzalez-Franco, 2021; Peck & Tutar, 2020), whereby the
participant immersed within a VE perceives, to some degree, that the self-avatar has replaced
their body at a physical or functional level (Gonzalez-Franco & Peck, 2018). If the participants
viewing the VR 1* person film experienced the embodiment illusion, it is possible that they
would experience the sexual acts in the video as happening to them. As a result, some women
may have perceived that their physical space was being invaded, and given that they were not
able to interact with the human actor (i.e., virtual sexual partner), they may have experienced
the sexual encounters as non-consensual or coercive. All of these experiences would reasonably
elicit anxiety. However, in Milani and associates’ (2022) study, women’s anxiety responses to
these stimuli were not investigated.

Researchers may wish to capitalize on publicly available VR erotica when designing VRET par-
adigms due to the disadvantages of human-like avatars, the importance of exposing individuals with
sexual concerns to a variety of sexual acts, and emerging data suggesting that VR videos from a
1t person perspective may boost embodiment. In addition, behavioral realism, the extent to which
a VR character/actor behaves in a way that is similar to how an actual person would, predicts
social presence, the sense that one is sharing a virtual space with another person (Oh, Bailenson,
& Welch, 2018). Theoretically, this is important for the selection of stimuli for VRET programs
because a clinician/scientist would want to provide the patient with an experience that mimics
reality, which may facilitate the skills that they learn in the VR space being transferred to their
real life. Given the complicated body language and speech that is required for sexual interaction,
programming computer-generated avatars that act as realistic sexual partners is a challenge. Until
the field can overcome this hurdle, using VR sexual films featuring human actors allows for stimuli
that are realistic, show a range of sexual interactions, and easily switch between POVs.

As a proof of concept for this novel VRET methodology, we aimed to understand which,
if any, stimuli features elicit distress in healthy controls (i.e., a non-clinical sample of women).
Understanding how video modality and point of view impact the anxiety of healthy controls is
important for two reasons. First, given that women with sex-related fear are likely to experience
greater anxiety when viewing erotic stimuli than those without these concerns, if certain videos
elicit levels of anxiety that overwhelm controls, they may not be suitable for use with clinical
samples. Second, exposure treatment is typically done gradually, beginning with exposures to
scenarios that elicit low levels of fear in phobic patients, and once their anxiety has habituated
and/or they are confident in their ability to tolerate distress brought on by this situation, they
will then complete more difficult exposures. If we find that healthy controls’ anxiety varies as a
function of erotica features, these data will inform hypotheses about how clinical samples will
respond to certain stimuli. The answer to these foundational research questions will enable the next
phase of this research, which will include individuals with sexual dysfunction and will investigate
the levels of VR-elicited anxiety that might make this paradigm useful in future VRET studies.
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The current study

The primary goal of the present study was to investigate women’s state-level anxiety in response
to erotic videos shown in different stimulus modalities (i.e., VR vs. 2D) and from different
POVs (i.e., 1%t person vs. 3" person). We also explored how women’s sexual presence- their
perception of being present and engaged within a real erotic encounter (Fontanesi and Renaud
2014)- was affected by stimulus modality and POV, and how sexual presence related to state-level
anxiety. The data used in this paper were drawn from an existing dataset of self-report variables
from a sample of women who viewed a series of VR and 2D sexual videos (Milani et al., 2022).
We examined women’s changes in state-level anxiety before and after watching four types of
erotic videos (i.e., VR 1* person, VR 3™ person, 2D 1* person, and 2D 3™ person). We also
investigated their sexual presence after each film and correlated these with post-video state-level
anxiety. We predicted that women’s anxiety and sexual presence would be greater in response
to VR relative to 2D videos, and that participants would report more anxiety and sexual presence
after viewing VR sexual encounters from 1% relative to 3' POV. For each video, we anticipated
that women’s post-film state-level anxiety would be positively correlated with their sexual presence.

Materials and methods
Participants

A convenience sample of 46 women was recruited through the University of British Columbia’s
Human Subject Pool in the Department of Psychology. Participants were required to meet the
following eligibility criteria: 1) self-identify as a woman; 2) 18+ years of age; 3) be comfortable
watching erotic videos showing nude actors engaging in sexual activity. Data from eight women
(seven who did not complete all study components; 1 due to a technical error) were excluded.
Complete data were obtained from 38 cisgender women.

Materials

2D and VR videos

Participants were shown neutral videos depicting nature scenes and erotic videos showing either
1) a man and a woman, or 2) two women engaging in sexual activity including kissing, genital
touching, cunnilingus, and vaginal penetration. Erotic videos focused on women’s pleasure and
did not depict violence, fetish, bondage, discipline, dominance, or submission. Erotic films were
selected from companies with ethical production practices and whose Terms of Use permitted
noncommercial use of their videos.

Apparatus

The experiment was designed with Unity version 2019.1.7f1. A commercially available device
used to view 3D content, the Oculus Quest VR headset, was used to show all videos (neutral
and erotic). The Quest has a 360-degree field of view, a resolution of 1440x 1600 pixels per
eye, and a refresh rate of 72 Hz. Participants used the Oculus Touch VR controllers to respond
to survey questions (see VR session measures below) within the headset, play/pause videos, and
adjust volume.

Baseline measures

Demographics and sexual history
Participants were asked to provide standard demographics including age, education, ethnicity,
religion, sexual orientation, relationship status, relationship length, previous erotica use, and
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previous VR experience. Women were asked to indicate, by selecting yes or no, whether they
were experiencing any sexual difficulties at the time of the study. Participants who selected yes
to this question were given the option to describe their sexual difficulty.

Anxiety

The anxiety subscale of the 42-item Depression, Anxiety, and Stress Scales (DASS) (Lovibond
et al, 1995) was used to measure participants’ anxiety levels. Women were asked to rate the
degree that various statements (e.g., I found myself in situations that made me so anxious that
I was relieved when they ended) applied to them over the past week using a numeric scale
ranging from 0 (did not apply to me at all) to 3 (applied to me very much, or most of the time).
A total score was calculated for each participant by summing individual items with higher scores
suggesting greater anxiety. The anxiety subscale of the DASS showed strong internal consistency
in the current sample (w = 0.89).

VR session measures

State-level anxiety

The shortened 6-item version of the State scale of the State-Trait Anxiety Inventory (STAI-6)
(Marteau & Bekker, 1992) was used to assess participants’ state-level anxiety. Women completed
this measure before and after viewing each erotic film and used a numeric scale to indicate
how well six statements (e.g., I am tense) represented their current feeling state, with responses
ranging from 1 (not at all) to 4 (very much so). STAI-6 total scores were calculated by summing
individual items and ranged from 6-24, with higher scores suggesting greater state-level anxiety.
The shortened STAI-6 demonstrated adequate internal consistency in the current sample (w =
0.76), and scores on this measure are highly correlated with the full 20-item S-STAI r > .90
(Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983; Tluczek, Henriques, & Brown, 2009).

Sexual presence

Renaud and associates’ (2016) 10-item Subjective Sexual Presence Scale (SSPS) was adminis-
tered following each erotic film. Sexual presence involves motivational, emotional, and physical
feelings experienced in response to erotic stimuli (Fontanesi & Renaud, 2014). The instrument
includes 7 items that assess involvement with the presented media (e.g., To what extent did you
feel as if you were witnessing live sexual intercourse taking place in front of you) and 3 items
that measure realism of the scene (e.g., To what degree did you feel sexual arousal similar to
any felt in a real sexual situation). Respondents used a numeric scale ranging from 1 (not at
all) to 7 (completely) to rate the extent to which each item represented their experience. Total
scores ranging from 10 to 70 were calculated by summing individual items, with higher scores
suggesting greater sexual presence. This measure demonstrated strong internal consistency in
our sample (w = 0.80).

Procedure

Women signed up for the study through the University of British Columbia’s Department of
Psychology Human Subject Pool. The study coordinator contacted them via email to schedule
their lab session. One day prior to their in-lab participation, each woman received an individ-
ualized link sent by email that they used to complete a series of questionnaires via an online
survey tool (Qualtrics). Upon arrival to the laboratory, participants were given an overview of
study procedures by the research assistant, and they provided written consent. Participants were
asked to confirm their age and comfort viewing erotic videos. The research assistant then pro-
vided instructions about the video paradigm, explained how the VR equipment worked, and
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assisted the participant to put on the VR headset. Participants completed a brief practice trial
including a short nature film followed by some practice questions, which they answered using
the VR controllers. After the research assistant left the room, women read a message in the
headset that instructed them to select their preferred erotic film category (i.e., films depicting
a woman and a man or films depicting two women) using the controllers. There were two video
blocks (i.e., VR and 2D). When women viewed the VR videos, they were immersed in a
180-degree virtual space, whereas for the 2D condition they were seated in a virtual living room
containing a 2D television screen that displayed the videos. For erotic videos shown from the
1% person stance, women viewed the sexual encounter as if their body was that of the female
actor within the sexual scene. For erotic videos shown from the 3™ person stance, women viewed
the sexual encounter as an onlooker not involved in the scene. Participants were randomly
assigned to one of eight possible video presentation orders.

Participants completed a measure of anxiety within the headset using the VR controllers
before and after viewing each erotic video, and measures of sexual presence, arousal, and atten-
tion after each video. Erotic videos were 5min in length and were separated by 2-min nature
videos to facilitate the return of participants’ sexual arousal to baseline (Huberman, Dawson, &
Chivers, 2017). After watching the first block of videos, participants read instructions in the
headset asking them to remove it to reduce the likelihood of eyestrain, headache, or other
symptoms of cybersickness and contact the experimenter via intercom. The research assistant
re-entered the testing room and informally asked about the participant’s wellbeing. Afterwards,
participants completed a measure of general presence using an iPad. After a brief break, the
research assistant helped the participant put the VR headset back on and left the testing room
so participants could view the second block of videos. At the end of the video viewing session,
participants ranked the videos based on their preference from 1 (most enjoyable) to 4 (least
enjoyable). Findings pertaining to sexual arousal, attention, general presence, and video rankings
were previously published (Milani et al.,, 2022). Participants read a message in the VR headset
saying that they had completed the video viewing session and used an intercom to tell the
research assistant that they had finished. The researcher re-entered the testing room, debriefed
the participant, and reminded them that they would receive a final survey in 72h, which assessed
responsive desire. Women received two course credits to compensate for their time participating
in the study. All study procedures were approved by the Behavioral Research Ethics Board at
the University of British Columbia (#H10-00527).

Power analysis

The study was based on a secondary power analysis. Given that this was the first study to
examine differences in women’s state-level anxiety in response to VR and 2D erotic films
from different points of view, our analysis was exploratory in nature and no specific effect
sizes were anticipated. An a priori power analysis conducted in G*Power 3.1 software for a
repeated measures analyses of variance (ANOVA) indicated that to detect medium effects (7,
= .06) with power = .90, a sample of n=23 would be required, which our sample (n=38)
surpassed. Thus, we were sufficiently powered to detect medium effects for anxiety (primary
endpoint).

Data analysis

To examine the effects of video characteristics on women’s anxiety levels, we subjected STAI-6
scores to a 2 (modality: VR vs. 2D) x 2 (POV: 3™ person vs. 1% person) x 2 (time: pre-video
vs. post-video STAI score) repeated measures ANOVA. Modality, POV, and time served as
within-subject factors. To investigate the impact of erotic film features on women’s sexual pres-
ence, we subjected participants’ total SSPS scores to a 2 (modality: VR vs. 2D) x 2 (POV: 3w
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person vs. 1% person) repeated measures ANOVA, with modality and POV as within-subjects
factors. Interactions were further investigated using post-hoc pairwise comparisons. Bonferroni
corrections were applied to account for family-wise error rates. Effect sizes were reported as
eta-squared estimates for the repeated measures ANOVA (.01 =small, .06 =medium, .14 =large)
and Cohen’s d (.20 =small, .50 = medium, .80=Ilarge) for post-hoc comparisons. To examine the
relationship between sexual presence and state-level anxiety, we conducted a Pearson correlation
between total post-film STAI-6 and SSPS scores (summed across videos), as well as correlations
between post-video STAI-6 and SPSS scores for each film. Although one outlier (i.e., 3 SD above
group mean) was identified for the pre-video STAI-6 score for the 2D 1st POV condition, we
retained it for data analyses because 1) there was no indication that the outlying score was due
to a technical error or misreporting, and 2) only one of the eight repeated measures slightly
violated normality and ANOVA is relatively robust to this assumption violation (Gravetter &
Wallnau, 2014). Thus, analyses are based on all participants (n=38).

Results
Sample characteristics and stimuli selection

The sample ranged in age from 19 to 31 years (M,,, = 20.79, SD=2.23). The 38 women reported
the following ethnicities: East Asian (n=16, 42.1%), Euro-Canadian (n=13, 34.2%), South Asian
(n=4, 10.5%), multiethnic (n=2, 5.3%), African (n=1, 2.6%), Southeast Asian (n=1, 2.6%), and
one participant (2.6%) chose not to respond. Most participants identified as heterosexual (n=32,
84.2%), while the remainder identified as bisexual (n=4, 10.5%) or pansexual (n=1, 2.6%) and
one participant chose not to disclose their sexual identity. At the time of the study, half of the
women reported being single (n=19, 50%), 11 were in a relationship (28.9%), six were dating
(15.8%), and two were common-law (5.3%). A subset of the sample reported previous experience
with VR technology (n=11, 28.9%).

Considering self-reported clinical characteristics, women’s scores on the anxiety subscale of
the DASS reflected mild anxiety symptoms (M =8.56, SD=7.80) (Lovibond and Lovibond, 1995),
28.9% reported a history of non-consensual sexual contact, and four participants (10.5%) reported
sexual difficulties at the time of the study. Among them, three participants disclosed difficulties
reaching orgasm and one described low desire due to medication use. Concerning the type of
erotic films viewed by participants, 78.9% (n=30) elected to watch videos depicting one man
and one woman actor and 21.1% (n=8) selected films showing two woman actors.

Pre- to post-erotic video changes in state-level anxiety

The 2 (modality: VR vs. 2D) x 2 (POV: 3 vs. 1% person) x 2 (time: pre-video vs. post-video
STAI score) repeated measures ANOVA revealed a significant main effect of time, F(1,37) =
30.37, p < .001, #,> = 0.45, with anxiety scores increasing from pre- to post-video across all
conditions, and no significant main effects of modality, F(1,37) = 0.15, p = .7, n,*> = 0.00, or
POV, F(1,37) = 0.56, p = .5, 1,> = 0.02. The significant main effect was qualified by a significant
two-way interaction between modality and time, F(1,37) = 8.55, p = .006, 7, = 0.19, where
increases in pre- to-post video anxiety scores were higher for VR (2.61, p < .001, d=0.97) than
for 2D videos (1.45, p < .001, d=0.59). Two-way interactions between modality and POV, F(1,37)
= 0.11, p = .7, n,> = 0.00, and POV and time, F(1,37) = 2.17, p = .1, n,> = 0.06, were
non-significant. The significant two-way interaction was qualified by a significant three-way
interaction between modality, POV, and time, F(1,37) = 4.42, p = .042, n,> = 0.12. Post-hoc
examination of this three-way interaction revealed that the greater increase in anxiety scores
after watching VR versus 2D videos was mostly attributable to the 1% person POV videos, and
was twice as large (mean increase in anxiety: 3.34, p < .001, d=0.87) as the increase in anxiety
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OPre-video @ Post-video

Total STAI-6 Score

2D 3rd Person 2D Ist Person VR 3rd Person VR 1st Person
Video Type

Figure 1. Women's self-reported pre- and post-video total STAI-6 scores are shown for each video type. Error bars represent
standard errors of the mean. Scale ranges from 6-24. *p<05. A bar graph showing women’s self-reported pre- and post-video
total STAI-6 scores for the 2D 3™ person, 2D 1° person, VR 3¢ person, and VR 1%t person videos. Significant increases in STAI-6
scores for each video, with the largest pre- to post-video increase for the VR 3" person film.

scores in the other three conditions (2D 3™ person: 1.58, p = .002, d=0.56; 2D 1* person: 1.32,
p = .005, d=0.49; VR 3% person: 1.87, p < .001, d=0.61; see Figure 1).

Sexual presence

The 2 (modality: VR vs. 2D) x 2 (POV: 3™ vs. 1 person) repeated measures ANOVA showed
significant main effects of modality, F(1,37) = 69.00, p < .001, 7,> = 0.65, and POV, F(1,37) =
7.02, p = .012, n,> = 0.16. Specifically, women reported greater sexual presence in response to
VR relative to 2D erotic films (mean differences in SPSS scores = 11.18, p<.001, d=1.35), and
after viewing videos shown from the 1% rather than the 3 person POV (mean difference =
2.89, p = .012, d=0.43). The two-way interaction between modality and POV did not approach
statistical significance, F(1,37) = 1.97, p = .2, #,> = 0.05. The total SSPS scores for each film
were as follows: 2D 3 POV (M=31.39, SD=8.11), 2D 1%t POV (M=32.55, SD=10.70), VR 3t
POV (M=40.84, SD=7.37), and VR 1% POV (M=45.46, SD=11.09).

Relationship between state anxiety and sexual presence

The Pearson correlation between total post-video STAI-6 and SSPS scores revealed a positive
relationship between state-level anxiety and sexual presence, r(36) = 0.44, p = .005. However,
the Pearson correlations between post-video STAI-6 and SPSS scores ranged considerably for
individual films. Specifically, there was a positive relationship between anxiety and sexual
presence for the 2D 3™ POV film, r(36) = 0.39, p = .017, and for the VR 1% POV film, although
this correlation did not reach statistical significance, r(36) = 0.23, p = .2. In contrast, there
was no meaningful relationship between post-video STAI-6 and SSPS scores for the 2D 1%
POV, r (36) = 0.07, p = .7, or VR 3" POV condition, r(36) = 0.00, p = .9.
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Discussion
Interpretation

In this study participants reported an increase in state-level anxiety for all erotic films shown.
Considering how this pattern of findings fits into existing literature is challenging, given the
lack of research examining women’s experiences of erotica (Ashton, McDonald, & Kirkman,
2018). While studies evaluating women’s emotional responses to sexual films indicate that low
levels of anxiety, threat, or aversion can occur (Laan, Everaerd, van Bellen, & Hanewald, 1994;
Peterson, Janssen, & Laan, 2010), a recent systematic review exploring women’s experiences of
pornography indicated a diversity of reactions to these stimuli (Ashton et al., 2018). Considering
VR erotic stimuli, the marked elevation in women’s state-level anxiety after viewing the 1% person
VR sexual scene is in keeping with Dekker et al. (2021) finding that men reported greater fear
after viewing a VR film relative to a 2D erotic film from the same perspective, although in that
study, this effect was small in magnitude. It is also of note that although participants experienced
the greatest increase in anxiety scores for the VR 1% POV film, they also had the lowest pre-video
anxiety for this condition. Taking this into consideration alongside the novelty of the present
investigation, the question of whether women consistently experience greater state-level anxiety
in response to VR relative to 2D erotic stimuli requires further study.

When considering why the VR 1** POV video elicited greater anxiety in our sample compared
to the other stimuli, there are several factors to consider. First, given that women reported the
greatest sexual presence in this condition, it is possible that they felt as if they were within the
sexual scene, and that their personal space was being invaded, causing feelings of discomfort.
The area 0-1 feet around one’s body is considered intimate space, where smell and touch are
potentially exchanged (Hall, 1963). A robust literature illustrates that invasion of the intimate
distance zone elicits defensive behavioral reactions, physiological stress responses, and reports
of greater anxiety (Bergman, 1972; Felipe & Sommer, 1966). Researchers have shown that per-
sonal space invasions provoke similar responses in virtual environments, such that perceived
intrusion into one’s personal distance zone by stereoscopically projected 3D images of people
cause significant increases in viewer discomfort (Wilcox, Allison, Elfassy, & Grelik, 2006). In
the VR 1% POV video employed in the current study, participants remarked that it felt as if the
actor was directly on top of them, and at times very close to their face. In contrast, in the 3
POV condition women perceived that the couple engaging in sexual activity was located across
the virtual room. Thus, some of the anxiety women felt in the VR 1 POV condition could be
related to a perceived invasion of their intimate space. Second, since women were not able to
communicate with the actor engaging with their virtual body, and therefore had minimal con-
trol over the activities portrayed (although they could always remove the headset), it is possible
that the videos felt coercive or non-consensual. However, it should be noted that although there
was a positive relationship between sexual presence and anxiety overall, this correlation only
reached statistical significance in the 2D 3" POV condition. Consequently, the link between
sexual presence and anxiety requires further study. Notably, the measure of sexual presence used
in the current study assessed the extent to which women felt that they were engaged within a
realistic sexual encounter, but was not a validated measure of embodiment, a related but sepa-
rate construct. It is possible that a sense of embodying the self-avatar, such that the participants
feels that their body has been replaced in a physical and functional sense by the self-avatar
(Gonzalez-Franco & Peck, 2018), is a better predictor of anxiety responses to VR erotic stimuli
than overall sexual presence. Both of our hypothesized mechanisms, personal space invasion and
feelings of non-consent, rely on some degree of embodiment, and specifically, body ownership.
Future researchers should include measures of embodiment in VR studies of this nature. Third,
some participants chose to share with the researchers that they were not physically attracted to
the actor in the VR 1% POV film and found that the increased realism in this video amplified
their lack of attraction to the character, which could have indirectly increased their self-reported
anxiety. Since it is easy to access and include VR erotica in research, future studies should
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consider offering participants a range of stimuli/characters to select from. Taken together, it is
possible that each of these factors—i.e., personal space invasion, lack of control over the scene,
and being unattracted to the actor - intensified feelings of discomfort and therefore anxiety.

Implications

The present study has important implications for future research. First, our results indicated
that the non-clinical sample in this study did not experience any adverse events in the short-term
in response to viewing VR erotica. In our study an adverse event constituted an unanticipated
problem reflecting that the experiment was related to greater risk to participants than expected.
For example, participants having panic attacks or dissociative episodes in response to the sexual
stimuli, or dropping out due to high levels anxiety, disgust, or fear. No participants dropped
out and increases in anxiety after viewing VR sexual videos were not especially large overall.
However, future studies should conduct formal evaluations of safety of VR sexual stimuli, which
would involve administering follow-up interviews with participants to assess whether exposure
to VR sexual films influenced their real-life sexual behavior, and in what ways. Second, our
results have implications for clinical samples who experience both anxiety and sexual difficulties.
While all the erotic videos (2D and VR) elicited increases in state-level anxiety in our sample,
it is likely that these stimuli would elicit greater anxiety in individuals who experience fear in
anticipation of or during sex. While our findings suggest that 2D and VR erotica could be used
in VRET programs aiming to treat fear-based sexual dysfunction, this requires further exploration
in future studies.

VRET immerses patients in a 3D simulation of their feared situation. This approach has been
used to treat several types of Specific Phobias, defined as persistent fears about situations that are
out of proportion to the level of danger presented, causing impairment and/or distress (American
Psychiatric Association, 2013). This novel intervention has been used to treat fear of heights
(Emmelkamp et al.,, 2002), flying (Rothbaum et al,, 2000; Rothbaum et al.,2006), and spiders
(Garcia-Palacios, Hoffman, Carlin, Furness, & Botella, 2002; Michaliszyn, Marchand, Bouchard,
Martel, & Poirier-Bisson, 2010). Notably, systematic reviews of controlled studies suggest that
VRET has comparable treatment efficacy to classical, evidence-based approaches (Opris et al.,
2012) and is as effective as in vivo (i.e., real-life) exposure for reducing behavioral avoidance in
persons with Specific Phobias (Morina, Ijntema, Meyerbroker, & Emmelkamp, 2015). Research
supporting the efficacy of VRET has excited scholars and clinicians alike, given that VR expo-
sure may serve as an innovative solution for the treatment of anxiety-related concerns that pose
ethical and practical barriers to conventional in-person exposure. In particular, the application of
VRET as an intervention for sexual dysfunction is a research area that is both scarce and holds
great research and clinical potential (Freeman et al, 2017; Lafortune, Dion, & Renaud, 2020).

A particular case in point is that VRET may be useful for people with Vaginismus, who
experience intense fear of vaginal penetration accompanied by involuntary tightening of the
pelvic floor muscles leading to persistent difficulties with vaginal intercourse (ter Kuile, Melles,
de Groot, Tuijnman-Raasveld, & van Lankveld, 2013). A robust literature suggests that fear and
avoidance of vaginal penetration are central to the etiology of Vaginismus, indicating that this
disorder may be characterized by phobic features (Desrochers et al., 2008). Specifically, the
Fear-Avoidance Model of Vaginismus (ter Kuile, Both, & van Lankveld, 2010) posits that mal-
adaptive, catastrophic thoughts about penetrative sex elicit intense fear of penetration. To cope,
individuals avoid vaginal intercourse, gynecological exams, and tampons. Critically, if the pelvic
floor muscle tightening represents a defensive reflex, then gradual exposure to feared sexual
stimuli may lead to an extinction of the phobic response, allowing for vaginal penetration to
take place. While two studies conducted in the Netherlands revealed that therapist-guided expo-
sure for Vaginismus, which involves an individual inserting vaginal dilators in the presence of
a mental health practitioner, is highly effective (ter Kuile et al, 2009; ter Kuile et al, 2013),
this treatment option is not available in North America due to institutional restrictions and
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licensing regulations. Thus, VRE for Vaginismus could allow affected individuals to undergo
progressive exposure to feared sexual stimuli in a controlled environment and has the potential
to dramatically improve care for people affected by this sexual difficulty.

Our findings shed light on how different types of erotic stimuli could be included in a VRET
program for fear-based Vaginismus. When conducting real-life exposure therapy with individuals
with Specific Phobias, the clinician works collaboratively with the client to create a fear hierarchy
that provides a framework for treatment. The client will begin at the bottom of the hierarchy
with exposures that elicit low levels of fear, and after the client is able to tolerate this distress,
or their fear habituates with prolonged exposure and repetition, they will move up the hierarchy
to more difficult exposures. This gradual approach provides the client with control over the
therapy process and prevents them from being too overwhelmed to engage meaningfully in
treatment. The VR 1% POV erotic video elicited greater anxiety in our sample relative to the
2D and VR 3% POV films. Considering the realism and sense of presence invoked by these
videos (Milani et al., 2022), it is likely that stimuli of this nature will elicit high levels of anxiety
in individuals who experience fear in anticipation of or during sex. Thus, any future VRET
program for Vaginismus might begin with patients viewing 2D erotic scenes, moving to VR
films shown from the 3™ person perspective, and finally to VR 1% POV sexual stimuli. However,
researchers should examine whether and how various erotica features, including modality and
POV, affect a patient’s negative affect, and seek to identify stimuli that elicit low levels of neg-
ative affect for the earliest stages of exposure therapy.

Future directions

As a first step to developing a VRET program for Vaginismus, the present data suggest that
researchers would be well-advised to examine how individuals with Vaginismus respond to VR
erotica to determine whether these stimuli elicit sufficient levels of fear to allow for effective
exposure. It is also recommended that investigators work with individuals with lived experience
of Vaginismus to understand whether this treatment approach would be acceptable and feasible
for this population. Additional avenues for investigation include exploring VR erotic video
characteristics that may elicit discomfort. In particular, exploring how participants respond to
sexual partners that they know are 3D erotic agents, virtual characters whose behaviors are
determined by a computer algorithm, compared to users’ avatars, a character whose behaviors
are being controlled by a user, is of great interest (Kyrlitsias & Michael-Grigoriou, 2022). Further,
investigators should alter aspects of the participants’ self-avatar in the 1% person films to increase
embodiment, such as improving multisensory integration, providing users with agency over the
virtual body, and matching the gender and/or race to the user (Gonzalez-Franco & Peck, 2018).
This would allow researchers to develop an understanding of the potential link between embod-
iment and anxiety in VR erotic scenes. Other promising lines of investigation include identifying
other negative emotional responses that may occur to VR erotica, such as feelings of disgust
and shame, which have been shown to play a role in sexual dysfunction (de Jong, van Overveld,
& Borg, 2013; Pulverman & Meston, 2020). Focusing more broadly on sexuality research,
researchers may wish to explore how VR film features, such as field of view, type of sexual
activity depicted, the virtual environment containing the actors/avatars, and “fit” between the
actors’/avatars’ and participants’ bodily characteristics, impact user experience more generally,
beyond just anxiety. This information would help both clinicians and researchers in the future
to select VR stimuli that best suits their therapy or research goals.

Limitations

This study was the first examination of women’s negative affect in response to VR erotica; thus,
our findings require replication. Although the aim of the study was to examine women’s state-level
anxiety in response to VR relative to 2D erotica and evaluate how film POV affected this
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outcome, the present study did not have the power to measure and/or examine the impact of
several variables that could have acted as mediators or moderators. For example, we did not
assess the effect of women’s previous sexual trauma on their anxiety during the experiment,
given that a minority of our sample reported a history of non-consensual sexual contact.
Examining the effects of trait-level anxiety, sexual victimization, sexual functioning, physiological
sexual arousal, and attention on negative affective responses to erotic stimuli represents a prom-
ising line of future inquiry. Further, while our measure of state-level anxiety, the STAI-6, has
been widely used in the literature we are not aware of published cut-off scores. We encourage
future researchers to consider other measures of state-level anxiety with available guidelines for
score interpretation.

It is also worth noting that the generalizability of our findings to other populations is constrained
by the fact that our participants were drawn from a university human subject pool, and that
most identified as East-Asian or Euro-Canadian. Additionally, it is possible that our results were
affected by volunteer bias, as past work suggests that persons who are more likely to volunteer
in sexuality studies report greater sexual experience, positive sexual attitudes, and more exposure
to erotic materials (Dawson et al., 2019; Strassberg & Lowe, 1995). Thus, it is possible that a
more representative sample of women would exhibit higher levels of anxiety.

Conclusions

This study is the first to evaluate women’s anxiety within 3D simulations of sexual scenarios
using high quality, women-centred erotica, and VR equipment. We observed that women reported
an increase in anxiety after viewing all sexual films. However, relative to 2D sexual videos,
women reported greater elevations in state-level anxiety in response to VR films. This effect
was largely explained by women’s heightened anxiety to VR stimuli where they perceived them-
selves to be in the position of one of the actors in the sexual scene (i.e., first-person point of
view). Women also reported greater sexual presence for VR relative to 2D films, and for videos
shown from the 1* relative to the 3 person perspective. Our findings constitute one of the
first steps in the future exploration of VR erotica’s potential usability as a therapeutic tool in
the treatment of sexual dysfunctions (e.g., Vaginismus).
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