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Obsessive—compulsive disorder (OCD) is characterized by the presence of unwanted
and repetitive thoughts triggering significant anxiety, as well as the presence of ritual
behaviors or mental acts carried out in response to obsessions to reduce the asso-
ciated distress. In the contamination subtype, individuals are scared of germs and
bacteria, are excessively concerned with cleaning, fear contamination and the spread
of disease, and may have a very strong aversion to bodily secretions. A few studies
on virtual reality (VR) have been conducted with people suffering from OCD, but they
all focus on the subtype characterized by checking rituals. The goal of this study is to
confirm the potential of a “contaminated” virtual environment in inducing anxiety in 12
adults suffering from contamination-subtype OCD compared to 20 adults without OCD
(N = 32) using a within—between protocol. Subjective (questionnaire) and objective (heart
rate) measurements were compiled. Participants were immersed in a control virtual
environment (empty and clean room) and a “contaminated” virtual environment (filthy
public restroom) designed for the treatment of OCD. Immersions were conducted in a
6-wall CAVE-like system. As hypothesized, the results of repeated-measures ANCOVAs
revealed the significant impact of immersion in a filthy public restroom for participants
suffering from OCD on both measures. Presence was correlated with anxiety in OCD
participants and no difference in presence was observed between groups. Unwanted
negative side effects induced by immersions in VR were higher in the OCD group. The
clinical implications of the results and directions for further studies are discussed.

Keywords: virtual reality, OCD, therapeutic tool, exposure therapy, contamination

INTRODUCTION

The DSM-5 (American Psychiatric Association, 2013) defines obsessive-compulsive disorder
(OCD) as characterized by the presence of thoughts, images, or urges perceived as unwanted and
inappropriate and causing considerable distress, as well as behavioral or mental rituals used to cope
with these obsessions and lessen the associated anxiety. Obsessions and compulsions can be classified
in various subtypes. Examples of obsessive thoughts are fear of contamination, pathological doubt,
fear of hurting others, symmetry and exactness concern, unacceptable sexual thoughts, and religious
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obsessions. Compulsive rituals may include such practices as a
need to clean, verify, count, or put things away or in order. The
contamination subtype is the most prevalent among people suf-
fering from OCD, affecting 47.6% of these individuals (Ball et al.,
1996). It is characterized by obsessions, such as fear of germs and
filth, fear of disease, and fear of chemicals, as well as by compul-
sive cleaning, washing, and avoidance of situations where one can
be contaminated (e.g., toilet seats). No matter the subtype, people
who suffer from OCD often see their ability to function impaired
by this disorder as a result of their obsessions and compulsions
interfering in their interpersonal and professional lives (Moritz
et al., 2005).

The research conducted over the past few decades established
cognitive behavioral therapy (CBT), and more specifically the
exposure and response prevention technique, as the treatment of
choice for this disorder (Meyer, 1966; Lang, 1977; Fals-Stewart
et al., 1993). This type of treatment effectively helps patients to
face their anxiogenic triggers rather than continue to avoid them
or cope with them temporarily using compulsive rituals. For the
exposure to be effective, patients must not give in to their compul-
sions during or after exposure (Stankovic, 2004) and tolerate their
anxiety (as defined as an emotion characterized by an increase in
physiological arousal and subjective reactions of perceived threat
and discomfort).

The exposure and response prevention technique is generally
practiced based on real (i.e., in vivo) situations (e.g., exposure to
a public restroom) or situations imagined by the patient (McKay
etal., 2015). However, there are a number of drawbacks associated
with this, such as the potential for actual contamination and con-
traction of a disease, the costs associated with any travel required,
the potential breach of confidentiality, or the patient having
trouble envisioning anxiogenic stimuli. A survey of 56 Canadian
clinicians treating patients suffering from OCD conducted to
document the limitations associated with using in vivo exposure
and response prevention (Labonté-Chartrand, 2011) showed that
clinicians (a) are aware of the usefulness and safety of exposure,
(b) use exposure when they feel they possess the necessary knowl-
edge and skills to do so, and (c) perceive significant challenges in
creating, graduating, and standardizing exposure stimuli if they
are not experts in treating OCD. As such, there is a certain appeal
in developing an alternative tool to address the limitations inher-
ent to in vivo exposure (Labonté-Chartrand, 2011).

Virtual reality (VR) is an emerging technology that can be
used to counter the limitations of in vivo exposure (Labonté-
Chartrand, 2011; Wiederhold and Bouchard, 2014). VR can
be defined as the use of computer and behavioral interfaces to
simulate the behavior of 3D entities that interact in real time with
each other and with a user immersed via sensorimotor channels
(Fuch et al., 2011). Although the specific role of immersion (i.e.,
the properties of the system stimulating the senses and blocking
sensations form the physical environment) and presence on the
induction ofanxiety and treatment outcome remains to be clarified
(Bouchard et al., 2012), research has shown exposure conducted
while immersed in VR, or in virtuo exposure, is effective in the
treatment of many anxiety disorders [e.g., phobias, social anxiety,
post-traumatic stress; see Wiederhold and Bouchard (2014) for
an exhaustive review of literature].

Research is now focusing on more complex disorders, such as
OCD, to examine the anxiety-inducing potential of VR, with the
goal of using this technology for treatments using exposure and
response prevention. For example, Kim et al. (2008) examined
VR’ ability to induce anxiety in the OCD subtype characterized
by checking rituals. Participants were immersed with a head-
mounted display in a virtual apartment where they had to turn
on and off light switches, gas burners, and water faucets and, after
a distraction phase, were invited to check what they did before
leaving the virtual apartment. Anxiety and presence (ie., the
feeling of being there in the virtual environment) were assessed
with questionnaires. The results were promising and showed that
participants suffering from OCD reported significantly higher
levels of anxiety than the controls, and the anxiety level reported
was positively correlated with the symptoms score and immer-
sion tendencies. The study hints at the value of VR as a tool for
inducing anxiety and, accordingly, supports its usefulness as an
exposure medium during CBT.

As mentioned earlier, OCD symptoms and avoidance behav-
iors are heterogeneous (McKay et al., 2004), such as patients
predominantly concerned by contamination and washing,
checking and verifying, or hoarding. Subtyping OCD symptoms
does not necessarily imply the need to develop different theoreti-
cal models and treatments for each subtype (McKay et al., 2004;
Radomsky and Taylor, 2005), but is very important in terms of
clarifying which stimuli will be targeted when using exposure in
psychotherapy. Indeed, in order to use VR with success in the
context of CBT with exposure and response prevention, virtual
environments with subtype-specific triggers must be designed.
To the best of our knowledge, no study has taken a look at VR’s
inductive potential in connection with contamination-subtype
OCD. Researchers have already begun scripting some virtual
environments, but these still need to be validated. For example,
Cardenas-Lopez et al. (2010) created and are testing virtual
environments for the treatment of OCD, developed with the goal
of targeting obsessional fears, such as contamination, disorder,
and symmetry with VR scenarios that include a public restroom,
a bus, and a restaurant.

The study from Kim et al. (2008) paved the way for the cur-
rent study, although the current project’s differs somewhat from
Kim et al. (2008). First, we will be examining the effectiveness of
inducing anxiety in a different subtype of OCD (i.e., contamina-
tion obsession and cleaning compulsion, rather than checking).
Second, we will assess anxiety levels using an objective physi-
ological measure. Third, the participants will be immersed in a
virtual environment using a CAVE-like system instead of using
head-mounted display.

The primary goal of this research was to assess how
effectively a virtual environment could induce anxiety in
individuals with contamination-subtype OCD. A large interac-
tion effect was expected (0.40 Cohen’s f or 0.80 d), and two
measures were used, one physiological and one subjective. The
hypothesis postulated was that exposure to a “contaminated”
virtual environment would induce a higher level of anxiety in
people suffering from contamination-subtype OCD than in
those from the control group, controlling for potential baseline
differences.
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MATERIALS AND METHODS

Once we obtained the approval of the ethics committees of the
universities involved in the project, participants were recruited
through ads targeting the general population and others posted
in hospitals and local community service centers to establish a
representative sample of individuals with OCD.

Participants

In total, 32 adults between the ages of 18 and 65 years were
recruited, including 12 participants with OCD and 20 participants
with no mental health disorder. A short telephone interview was
conducted before the first meeting to assess whether or not the
symptoms of the OCD participants were consistent with those
of the contamination subtype. The following exclusion criteria
were applied to those individuals with OCD: (a) a primary diag-
nosis other than OCD; (b) a primary OCD subtype other than
contamination; and (c) OCD duration of less than 12 months,
to ensure a chronic disorder. The following exclusion criteria
applied to both the OCD participants and the non-OCD control
participants: (d) a secondary diagnosis of schizophrenia, bipolar
disorder, neurobiological disorders, intellectual disability, sub-
stance abuse or addiction, or suicidal ideation; and (e) presence
of a physical condition contraindicating participation in the study
(e.g., epilepsy, visual disorders).

Procedures
Upon arrival, participants were asked to read and sign the consent
form and fill out a short sociodemographic questionnaire (assess-
ing age, gender, socioeconomic status). After providing written
consent, the participants were interviewed with semi-structured
diagnostic interviews to confirm the presence or absence of OCD
and assess for other comorbid disorders as defined in the DSM-
IV-TR (American Psychiatric Association, 2000) and DSM-5
(American Psychiatric Association, 2013). The interviews were
conducted by three trained therapists and supervised by alicensed
psychologist. The participants then filled out other questionnaires
(described in the following section) to quantitatively assess OCD
and were assigned to either the clinical (OCD) or the control
group (non-OCD), depending on the symptoms they presented.
The experimentation was carried out by three research
assistants with experience in using VR, the equipment and in
conducting CBT. The experiment lasted about 120 min. Prior
to each immersion, the participants were outfitted with 3D
glasses, an inertial tracking sensor held in the dominant hand,
and headphones. Participants were immersed twice in VR and
each immersion lasted about 5 min (the exact duration varied
slightly depending on participants’ ability to explore the VE and
reluctance to approach feared stimuli). The immersions were
conducted with two different virtual environments: (a) a training
virtual environment (Control) and (b) a virtual environment
depicting a filthy public restroom (Contaminated). The first envi-
ronment was used to familiarize participants with the technology
and moving around in the virtual environment. The second
environment was used to induce anxiety in participants going
through the restroom with various degrees of cleanliness (i.e., the
first stall is relatively clean, the second presents filthy walls and

toilet seat, and the third adds more filth with an unflushed toilet).
Participants were asked to progressively visit each restroom stall,
and “touch” the walls and the toilet seat each time with their
hands (no touch feedback was provided). The verbal instructions
were standardized and similar for each participant. After each
immersion, participants were asked to complete a self-assessment
of their anxiety level and virtual experience.

Instruments

Diagnostic Interviews (Pretest)

Structured Clinical Interview for DSM-1V

This semi-structured diagnostic interview was used to confirm
the presence or absence of OCD or a disorder included in the
exclusion criteria (First et al., 1997). This tool is recognized for
determining the presence of diagnoses established by the DSM-IV
(American Psychiatric Association, 2000). For example, with
previous versions of the tool, the interrater agreement for OCD
ranges in terms of kappa value from average to very high (1.00)
(Williams et al., 1992; Steketee et al., 1996). Individuals classi-
fied as control were also assessed using the structured clinical
interview for DSM-IV (SCID) to make sure they did not present
OCD or any of the disorders included in the exclusion criteria.

Yale-Brown Obsessive-Compulsive Scale

The semi-structured Yale-Brown Obsessive-Compulsive Scale
(YBOCS) interview helps to provide a more detailed measure of
the frequency, severity, and variety of OCD symptoms (Goodman
et al., 1989a,b). For this study, the French-Canadian version of
this tool was used (Mollard et al., 1989). In validation studies, this
version of the tool scored well for internal consistency (Cronbach’s
alpha of 0.89-0.96) and fidelity (correlations between the total
score and each of the 10 items vary between 0.80 and 0.98)
(Bouvard et al., 1992; Ladouceur et al., 1996). Generally, studies
call for a total score of 16 or higher as a criterion for inclusion
(Shear et al., 2000), which was the threshold used for this study.

Subjective Measurement of Anxiety

State-Trait Anxiety Inventory, State Anxiety Subscale

This measure examines the subjective symptoms of anxiety and
serves as the main subjective indicator for the presence of anxi-
ety following immersion in the virtual environment (Spielberger
etal., 1970). The first subscale focuses on situational anxiety (i.e.,
the level of anxiety experienced when completing the question-
naire). The French-language version presents psychometric
qualities similar to those of the State-Trait Anxiety Inventory
(STAI) (Gauthier and Bouchard, 1993). The questionnaire’s
internal consistency was established for a French-speaking
Canadian population with a Cronbach’s alpha of 0.90 on the
situational anxiety scale and 0.91 on the anxiety trait scale. It was
administered before the immersions (pre-experiment) and after
each immersion in VR.

Measurements Associated With VR Immersion

Before and after each virtual immersion, the participants were
asked to fill out a questionnaire related to their experience in VR.
A French version of each measurement tool was translated and
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validated by a team from the Laboratoire de Cyberpsychologie
de 'UQO.

Immersive Tendencies Questionnaire

This tool helps measure a participant’s susceptibility to feel
strongly immersed in a virtual environment by evaluating this
susceptibility with other activities (e.g., reading a book, watch-
ing a movie) (Witmer and Singer, 1998). This questionnaire
was translated in French and has a Cronbach’s alpha of 0.83
(N = 483).

Gatineau Presence Questionnaire

This questionnaire measures the feeling of presence experienced
in a virtual environment. It has been developed as a brief measure
with four items rated on a 0-100 scale assessing: (#1) the impres-
sion of being there, (#2) appraising the experience as being real,
(#3) awareness of the virtual environment as being artificial,
and (#4) the feeling of being in the physical office instead of the
virtual environment. The last two items are scored in reverse
and an average score in percentage is computed. The Cronbach’s
alpha for this instrument is 0.69 (N = 84, mean age 33.5, 76%
females) and a factorial analysis with Promax rotation revealed
a two-factor solution explaining 82% of variance with positively
and negatively scored items leading on distinct factors (being
present/being absent). The immersive tendencies questionnaire
(ITQ) and Gatineau Presence Questionnaire (GPQ) correlated
significantly (r = 0.26, p < 0.01).

Simulator Sickness Questionnaire

This questionnaire measures unwanted negative side effects
induced by immersions in VR (e.g., nausea, eye fatigue, and dizzi-
ness) (Kennedy et al., 1993). The revised French-language version
of this questionnaire has an alpha of 0.87 (N = 371) (Bouchard
et al., 2007a, 2011). The Simulator Sickness Questionnaire (SSQ)
was administered upon arrival in the lab and after both immer-
sions, and scored following the procedures recommended by
Kennedy et al. (1993).

Psychophysiological Measure of Anxiety
Heart rate was used as an objective measure of anxiety using an
electrocardiogram (ECG). To measure the heart rate, we installed
a Polar® T31 heart rate transmitter belt coded to a 256 Hz fre-
quency, worn under clothing, just below the chest. The ECG
sensors were connected to a ProComp Infinity and the computer
using a wireless Tele-Infiniti Compact Flash T9600 interface. The
standard measurement error for this measure is calculated at 2.26.
A baseline was taken at rest, before completing the question-
naires to provide a physiological reference for each participant.
Physiological data were recorded over the entire duration of the
experiment, starting with the baseline, throughout completion of
the questionnaires and the immersions, and finishing after the
immersion in the “contaminated” virtual environment.

Material

The experiment took place in a six-sided wireless immersion
chamber (CAVE-like), called Psyche, located at the Laboratoire
de Cyberpsychologie de I'Université du Québec en Outaouais,
Gatineau, QC, Canada (Figure 1). This VR immersion system is
made of six projected surfaces: four walls, the floor, and the ceil-
ing. The back wall is mounted on rails and can be closed once the
participant is inside the cube. Each wall measures 8.6” and receives
images from a Viztek 1 projector (modified from Electrohome
Marquee 8500) located 15 ft away. Each CRT projector projects
225 ANSI lumens in 1280 X 1024 @ 100 Hz resolution, providing
a seamless active stereoscopic display. Psyche is operated with a
wireless keyboard through a cluster of six computers controlled
by a master computer, all running Virtool VPPublisher Unlimited
5.0 and built with the following specifications: Intel® Core 2
Quad Q6600@2.40GHz with 4 GB of RAM, NVidia® Quadro FX
5500G frame-locked graphics card with 1024 MB of VRAM, an
Intel® D975XBX2 motherboard, and Windows® XP Pro 32 Bit
Service Pack 2. The library uses OpenGL 2.0 Stereo. The master
computer also has a Creative® SoundBlaster X-Fi sound card. The
computer cluster includes one more computer to link the IS-900
VET Intersense® wireless inertial tracking sensor with the virtual
environment on VRPN 7.18 using a Pentium 4 3.20 GHz CPU

FIGURE 1 | Psyche, the six-wall immersion chamber at UQO’s Cyberpsychology Lab (Gatineau, QC, Canada).
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with 512 MB of RAM. All of the computers are linked in a cluster
by a Cysco® Systems Catalyst 2950 100MBITs/s switch.

Users wore wireless 3D glasses (NuVision®), wireless head-
phones, and a wireless microphone. Participants could navigate
through the virtual environments using the Intersense wireless
hand-held device (“wand”). The experimenter controlled Psyche
and the computer used to process physiological measurement from
outside the chamber (i.e., the user was alone in the enclosed cube).

As mentioned earlier, two virtual environments were used: a
training environment (Control) and an experimental environ-
ment (Contaminated). The training environment consisted of a
clean empty room with three windows, a glass door, and a cat on a
table behind the glass door. Users could hear the relaxing sounds
of a gentle breeze and birds chirping through the window. The
goal of this environment was to (a) help participants familiarize
themselves with immersion in Psyche and (b) take base physi-
ological readings to control for the effect of being immersed in a
virtual environment. The experimental environment represented
a filthy public restroom (Figures 2 and 3). The restroom rep-
resented a very unclean environment (e.g., toilet used but not
flushed, graffiti on the walls, and water around a leaking faucet
and on the floor), although some areas were cleaner than others.
The restroom contained nothing that could be used to clean or
eliminate germs (e.g., cleaning products, soap, hands sanitizer).
Participants could hear ambient sounds in the restroom (e.g.,
water pipes, air conditioning). This environment was created to
align the VR exposure with the specific obsessions and compul-
sions of people who suffer from the contamination-subtype OCD.
Trained technicians from the Laboratoire de Cyberpsychologie
de 'UQO designed the virtual environments using Virtools and

3D StudioMax® [see Wiederhold and Bouchard (2014) for more
details].

RESULTS

This study applied a repeated-measure covariance analyses' (with
the baseline score as a covariable) with two Groups (OCD/non-
OCD) x two Environments (Control and Contaminated) to test
the effectiveness of the virtual environment in inducing anxiety
in OCD individuals with a dominant contamination subtype.
Chi-square analyses and a Student’s t-test were performed on the
descriptive variables (e.g., gender, nationality, schooling, marital
status) to determine whether there were any pre-existing differ-
ences between the groups before the experiment. The analyses
revealed no significant difference. As can be seen in Table 1, most
of the participants were Canadian-born women with university-
level education. As for marital status, most of the participants
were single or in a common-law relationship. The average YBOCS
for the OCD group was 25.04 (SD = 6.31), representing an aver-
age score that falls within the “severe” end of the scale.

The questionnaires on the participants VR experience
showed that propensity for immersion did not differ between
the two groups (see Table 2). The feeling of presence did not
differ between OCD and non-OCD participants, regardless of

"We chose to use a covariance analysis using the baseline score as a covariable as
this approach has the benefit of being conservative (Van Breukelen, 2006), controls
for the autocorrelation of observations (Cronbach and Furby, 1970), is considered
preferable by some (Huck and McLean, 1975), and is adequate to answer our
research question according to Kirk (1982).

FIGURE 2 | Screenshot of the women’s restroom in the “contaminated” virtual environment.
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FIGURE 3 | Two toilet stalls featuring different levels of dirtiness in the “contaminated” virtual environment.

TABLE 1 | Description of the sociodemographic variables of the sample.

Non-OCD ocD
(n = 20) (n=12)

Age 30.20 30.08 tzp = 0.06, ns
Gender (% of women) 65.00 66.70 x?(1) =0.01, ns
Nationality

Canadian 85.00% 83.30% x2(5) =5.14, ns

French 5.00% 0.00%

Columbian 5.00% 0.00%

Burkinabe 5.00% 0.00%

Arab/Lebanese 0.00% 8.30%

Asian 0.00% 8.30%
Schooling

High school (7-10) 5.00% 33.30% x(2) =5.83,ns

High school diploma 15.00% 0.00%

University 80.00% 66.70%
Marital status

Single 50.00% 50.00% x¥B8)=1.92,ns

Married 20.00% 8.30%

Separated or divorced 5.00% 0.00%

Common-law partner 25.00% 41.70%

N =32

the virtual environment (and for both factors of the GPQ, data
not shown). A repeated-measure ANOVA revealed a significant
increase in presence in the “contaminated” environment immer-
sion [F(i29) = 9.13, p < 0.01] and no significant statistical interac-
tion [F(29 = 0.9, ns]. Correlating presence with the mean STAI
scores showed a positive and significant relationship within the
OCD group (rq2 = 0.67, p < 0.05) after the immersion in the
“contaminated” environment. However, the correlation was not
significant for the non-OCD group (r@0 = 0.15, ns) or for either

TABLE 2 | Results of questionnaires associated with the virtual reality
experience.

Non-OCD OoCD
(n = 20) (n=12)
ITQ 66.80 (16.49)  72.92 (22.40) F(1.30) =0.79, ns
GPQ
Control environment 51.38 (16.24) 48.11 (26.02) F(1.29) = 0.20, ns

Contaminated 60.26 (19.75)  58.26 (33.97)  F(1.30) = 0.05, ns
environment

SSQ
Pre-experimentation 10.67 (10.59)  29.92 (19.27)  F(1.30) = 13.40"**
Control environment 6.73 (7.14) 10.60 (10.80)  F(1.30) = 1.49, ns
Contaminated 5.61 (5.36) 25.56 (24.70)  F(1.30) = 12.34**

environment

N=32.

0 < 0.001.

ITQ, Immersive Tendencies Questionnaire; GPQ, Gatineau Presence Questionnaire;
SSQ, Simulator Sickness Questionnaire.

group following the immersion in the control environment (OCD:
7z = 0.20, ns; non-OCD: rg) = —0.23, ns). Finally, the negative
unwanted side effects were significantly higher for participants
in the OCD group (see Table 2), both prior the experiment
and following immersion in the “contaminated” environment.
Comparisons for each subscale of the SSQ provided similar
results (data not shown).

The repeated-measure covariance analyses were performed
on the two dependent variables (i.e., the STAI situational anxiety
scale and mean heart rate). As a preliminary step, the data were
examined to make sure the parametric analyses were aligned
with the required postulates. The Shapiro-Wilk omnibus test of
normality highlighted a few significant indicators (STAI score
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following neutral immersion for the control and experimental
group) pointing to a data distribution that did not quite line up
with the normal curve. In these cases, the Shapiro-Wilk indica-
tor was elevated as a result of a few extreme values. Eliminating
these extreme numbers corrected the problem detected by the
Shapiro-Wilk test, but this in no way affected the materiality of
the results. Furthermore, given the low number of participants
and the strength of the repeated-measures ANCOVAs, we felt it
would be better to proceed with the parametric analyses without
eliminating those few, more extreme values. Parametric analyses
were applied to the STAI, even though the data came from a
Likert scale, given the simulations documenting the strength
of this type of analysis when used with ordinal data (Velleman
and Wilkinson, 1993; Davidson and Sharma, 1994; Stiger et al.,
1998; Carifio and Perla, 2008; Norman, 2010). The homogeneity
postulates for the regression slopes were respected [F.s = 1.03
for heart rate, 1.23 for the STAI, all ns]. The Greenhouse-Geisser
correction was systematically applied to the repeated-measures
ANCOVAs to counter issues with the heterogeneity of variance
and, to correct for Type I errors, a Bonferroni adjustment was
applied (i.e., critical alpha set a 0.025).

First, the results point to a statistically significant Condition
by Time interaction for the heart rate (see Table 3). OCD

participants presented a higher heart rate following immersion in
the “contaminated” restroom environment compared to the heart
rate reported for the control group. This difference remained
statistically significant even after the Bonferroni adjustment was
applied for the significance threshold. Figure 4 illustrates the
results of this interaction. Loftus and Masson’s method (Loftus
and Masson, 1994) was used to calculate the confidence intervals
in the case of repeated measurements. The interaction proved sta-
tistically significant. Breaking down the interaction using Dunn’s
procedure revealed that the only significant single effect is the
pre/post-immersion effect on the OCD participants [tu1) = —3.06,
P < 0.025, 95% confidence interval between —26.21 and —4.29].
Second, and similar to the results for the heart rate, the
ANCOVA for the state anxiety measure with a Bonferroni
adjustment shows a statistically significant interaction between
the Control environment and Contaminated environment, which
confirms that the OCD participants felt a subjectively higher level
of anxiety following immersion in the virtual restroom than those
in the control group. Figure 5 illustrates this interaction, which
remains statistically significant when using confidence intervals.
The breakdown of the interaction using Dunn’s procedure
revealed two significant effects: the pre/post-immersion effect on
the OCD participants [tq1) = —3.38, p < 0.025, 95% confidence

TABLE 3 | Results following ANCOVAs on the dependent variables.

Variable  Condition Base level Control environment Contaminated environment F value (1.29) 90% confidence interval
M SD M SD M SD Time Condition Interaction Etasquared < >
effect effect effect
Heart Non-OCD 76.74  12.09 82.86 13.49 83.36 13.27 1.46 0.53 6.07* 0.18 0.02 0.37
rate OCD 73.12 8.08 78.76 9.01 83.55 10.16
STAI Non-OCD 26.20 4.57 25.80 5.47 24.30 5.39 0.084 2.25 8.05"* 0.22 0.04 0.41
OCD 37.42 12.86 29.50 11.68 44.75 19.54
Heart rate is given in beats per minute. STAI, State-Trait Anxiety Inventory — (state form).
*p < 0.025.
**p < 0.002.
The Bonferroni correction sets the significance threshold at 0.025.
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FIGURE 4 | Estimated marginal means after controlling for base levels FIGURE 5 | Estimated marginal means after controlling for base levels
and 95% confidence intervals of the measured heart rate in both and 95% confidence intervals of the STAI after immersions in both
virtual environments for the OCD and non-OCD groups. virtual environments for the OCD and non-OCD groups.

Frontiers in ICT | www.frontiersin.org

September 2016 | Volume 3 | Article 18


http://www.frontiersin.org/ICT/
http://www.frontiersin.org
http://www.frontiersin.org/ICT/archive

Laforest et al.

Contaminated Virtual Environment for OCD

interval between —7.91 and —1.67], and the post-immersion
comparison between the two groups [0 = —3.55, p < 0.025,95%
confidence interval between —3.02 and —7.88].

DISCUSSION

The goal of this study was to determine the potential for a virtual
environment to induce an anxiety response in individuals suf-
fering from a contamination obsession/cleaning compulsion-
subtype OCD. It was hypothesized that individuals suffering from
OCD with dominant fears of contaminations would be more
anxious than non-OCD controls when immersed in a disgusting
public restroom. The anxiety reported by the participants was
studied following immersion in a neutral environment and in a
“contaminated” environment. The results confirmed our hypoth-
esis: exposure to a “contaminated” virtual environment induced
a higher anxiety level in the OCD group compared to the control
group, demonstrated by objective (heart rate) and subjective
(state anxiety measured with the STAI) measures. These results
are consistent with previous studies (Meehan, 2001; Moore et al.,
2002; Robillard et al., 2003; Kim et al., 2008), which contributes
to validating the impact of immersion in virtual environments
created for OCD.

When establishing the methodology, heart rate was selected
as the main measure of anxiety because it is more objective than
self-reports. Note that the methodology did not control for indi-
vidual differences that can alter physiological responses, such
as weight, health status, smoking, etc. Nevertheless, this cor-
roborates the results of other studies using objective measures
(Coté and Bouchard, 2005; Simeonov et al., 2005; Slater et al.,
2006). The subjective anxiogenic response in OCD individuals
was also significantly higher, with a mean difference of about
29 points on the STAI The effect size of the interaction was
greater than for the heart rate, as also confirmed by examining
the confidence intervals. Note that the aim of the study was not
to maximize the level of anxiety felt — in other words, to induce a
panic response in participants — but simply to show the potential
for increasing the level of anxiety felt from one immersion to the
other. Stated otherwise, the goal of the study was not to show
how frightening the environment could be, but rather to show
that it does elicit the expected emotional response required to
use it in psychotherapy.

A few words must be devoted to variance observed in the data.
This variance is evident in the large size of the SDs, the explained
variance percentage, and the extent of the confidence intervals.
There may be various reasons for this. First, because the study
was conducted using a clinical sample, differences in sensitivity
to stimuli are to be expected. For example, although all OCD par-
ticipants manifested a fear of contamination, they varied on other
characteristics that may have tainted their responses, including
broad clinical features of OCD (e.g., inflated responsibility or per-
fectionism), and differences in feared contaminants (e.g., some
were more concerned about food than restrooms). Because it is a
tedious process to create virtual environments that target the spe-
cific fears of all participants, differing responses between patients
are to be expected with generic scenarios. It is also important to

recognize that even in the control population, touching a toilet
bowl in a filthy restroom is likely to cause some discomfort. That
means that there is a good chance that the results for the control
participants will vary from person to person. From the methodo-
logical point of view of purely experimental research, it might
have been worthwhile to recruit control participants with zero
concerns regarding restroom cleanliness and OCD participants
with only fears of restroom-related contaminations. However,
this might have biased the results in favor of the hypotheses (i.e.,
increase the likelihood of finding significant differences) and
lowered the potential for the generalization of results to clinical
research and settings. Of note, the correlation between the level of
presence and self-reported anxiety in the OCD group accounted
for about 45% of the variance.

The lack of significant difference in presence among the two
groups is worth further examination, as this runs counter to
studies that report a higher degree of presence in clinical samples
compared to control groups. For example, Robillard et al. (2003)
showed that participants suffering from snake phobia reported
a greater sense of presence compared to the non-phobic group
following immersion in a virtual environment. It may be that
presence was more disrupted in OCD participants than in
controls because OCD participants were more distracted by
not feeling the virtual walls when touching them. In Robillard
et al. (2003), the researchers reported a significant correlation
between anxiety and presence. Other studies highlighted the
bidirectionality of this correlation (Michaud et al., 2004; Riva
et al., 2007), illustrating that not only could the level of anxiety
reported predict the degree of presence, but that the sense of
presence could predict the level of anxiety experienced. Here,
despite recording a lower average presence than the control
group, the OCD individuals still reported a higher level of
anxiety than the controls following immersion in the filthy
environment. This brings into question the importance of the
extent of presence when attempting to induce an emotion using
VR. It is possible that our results show that a certain minimum
level of presence is necessary to induce an anxiety response, but
once this level has been reached, the extent of the feeling of pres-
ence will have little influence over the emotional response [i.e.,
a non-linear relationship (Bouchard et al., 2012)]. It is accord-
ingly possible that our results support the idea that quality is
more important than quantity when it comes to users’ sense
of presence in a virtual environment (Bouchard et al., 2007b).
The role of presence in the development of clinical applications
of VR for anxiety disorders also deserves a brief mention. As
it is the case for the therapeutic alliance in the CBT of anxi-
ety disorders, feeling present may be a prerequisite yet a poor
predictor of treatment outcome. Further research is needed to
document whether presence allows for, or is associated with,
virtual stimuli to be perceived and processed as real, which
then leads to the core process associated with treatment suc-
cess, namely “developing new associations with lack of threat”
(Bouchard et al., 2012; Craske et al., 2014).

Finally, there was a significantly higher instance of unwanted
negative side effects induced by immersions in VR in the OCD
group before the first immersion and following immersion in
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the “contaminated” environment, while there was no signifi-
cant difference between the two groups following immersion
in the control environment. These results were also replicated
for all three SSQ subscales. It is possible that the anxiety felt
by the OCD group before the experiment, likely induced by
apprehension, caused symptoms similar to cybersickness (e.g.,
nausea, difficulty concentrating). In this regard, Bouchard
etal. (2007a, 2011) questioned the use of the SSQ with anxious
participants. In a series of studies, they (Bouchard et al., 2011)
examined the correlation between cybersickness symptoms
and anxiety levels and found that SSQ items associated with
nausea (general discomfort, increased salivation, perspira-
tion) and oculomotor function (difficulty focusing, difficulty
concentrating) significantly correlated with the anxiety levels
reported by participants, both following immersion in VR
and in situation where no immersions in VR were involved.
These results support those of the current study as well as the
possibility that the phenomenon observed will be repeated in
subsequent studies. As for the results following immersion
in the “contaminated” environment, it is possible that the
environment itself triggered a physical response comparable to
cybersickness (e.g., general discomfort, nausea) which would
explain the higher rating for these items. In other words, it is
plausible that participants had trouble differentiating between
some of the physical symptoms they felt and actual cybersick-
ness when they filled out the SSQ.

One might think that the feeling of being contaminated
would cause the person to want to “decontaminate” themselves,
especially in the case of OCD individuals, who view contamina-
tion as a major threat. To be rigorous, it is important to also
mention that the experimental environment did not display any
actual germ, microbes, or explicit mention that the restroom was
contaminated. With this in mind, and with the goal of observ-
ing the compulsive rituals of the OCD group, participants were
asked to complete a qualitative questionnaire post-immersion.
The results suggest that the OCD participants reported a greater
need to wash their feet and needed to wash their hands and feet
more thoroughly following immersion compared to the con-
trol group. They also revealed that the “contaminated” virtual
environment succeeded in triggering cleaning compulsions in
the OCD group. These observations deserve to be studied more
rigorously.

To the best of our knowledge, this study is the first to validate
a virtual environment created specifically to induce an anxiety
response in contamination-subtype OCD patients. As mentioned
earlier, the only set of studies to have examined the inductive
potential of VR for OCD was conducted with respect to the
checking subtype, with promising results that were expanded in
a few studies (Kim et al., 2012). As things stand, the research
shows that the anxiety-inducing potential of VR immersion has
been assessed in other clinical populations, and its capacity to
trigger an anxiety response has been repeatedly and reliably
documented (Wiederhold and Bouchard, 2014). To date, most
studies have focused on simpler anxiety disorders, such as spe-
cific phobias. Among others, the study lead by Robillard et al.
(2003) using a sample of phobic (suffering from claustrophobia,

acrophobia, and arachnophobia) and non-phobic individuals
demonstrated the capacity to trigger a significantly greater
subjective anxiety response in phobics compared to the control
group, using a virtual environment created using a video game
editor. Behaviorally, Renaud et al. (2002) detected considerably
more pronounced patterns of avoidance in arachnophobic par-
ticipants compared to the control group when confronted with
a virtual spider.

In addition to the subjective and behavioral measures of anxi-
ety, studies have shown the inductive potential of environments
using physiological measurements. Among others, Moore et al.
(2002) showed significant changes in heart rate and electrical
conductance following immersion in a potentially anxiogenic
environment (e.g., elevator, grocery store with avatars) in a sam-
ple of non-phobic individuals. Similarly, Diemer et al. (2014)
documented major and significant changes in heart rate and
other psychophysiological parameters when phobic and non-
phobic participants were immersed in VR. In short, these results
are congruent with ours and confirm that a virtual environment
is capable of inducing an anxiety response in people suffering
from anxiety disorders and OCD. The next studies should be
pilot [e.g., Laforest et al. (2016)] and larger scale control tri-
als to design and test treatment programs using this virtual
environment.

As for the limitations of this study, the first would the sample
size. Given the low prevalence of contamination-subtype OCD,
and the fact that we sought to engage Francophones, recruitment
proved difficult. It would be worthwhile to reproduce this study
with a larger sample to obtain more representative and generaliz-
able results. Furthermore, the variability of the results obtained,
as manifested by the size of the confidence intervals, could be
lessened through greater control over individual differences
between the participants in the sample and even more anxiogenic
experimental manipulation.

CONCLUSION

Immersing people suffering from fears of contamination as
severe as to meet the diagnostic criteria of OCD can be immersed
in VR and feel the emotions CBT therapists expect from stimuli
used to conducted exposure-based therapy. The next steps
involve conducting pilot and large control outcome trial, address
the use of VR with other OCD subtypes (e.g., religious/moral
obsessions, aggressive obsessions, symmetry/order obsessions)
and with other populations (e.g., children, adolescents, elders).
Finally, the addition of more interfaces (e.g., smell, touch, taste)
combined with the three-dimensional view should be part of
future studies on this topic. In fact, several individuals who took
part in this study (control and OCD) anecdotally suggested that
adding smell or touch interfaces would make the scenario used
feel even more real.
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