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Abstract

Exposure based exercises are a common element of many gold standard treatments for anxiety disorders and post-traumatic
stress disorder and virtual reality simulations have been evaluated as a platform for providing clients with opportunities for
repeated exposure during treatment. Although research on virtual reality exposure therapy (VRET) indicates effectiveness
and high levels of user satisfaction, VRETS require a participant to complete exposure exercises in-offices with specialized
equipment. The current exploratory case method study evaluates the experience and outcomes of one student veteran with
social anxiety disorder and PTSD completing twelve sessions of VRET exposure using a mobile phone simulation of a virtual
grocery store. The participant reported decreases in psychological symptoms, improvements in neurological connectivity,
and better sleep quality upon completing the trial. Results suggest that VRET using a mobile application is feasible and
warrants further research to evaluate effectiveness more fully. Implications include the use of a mobile based virtual reality
simulation for intervening in social anxiety for student veterans.
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Introduction

Virtual Reality Exposure Therapy (VRET) is an alternative
form of behavioral therapy that has demonstrated initial
clinical efficacy in reducing PTSD symptoms and can sig-
nificantly impact assessing and treating psychological dis-
orders (Gongalves et al. 2012). Exposure therapy focuses
on modifying response behaviors such as avoidance to situ-
ations or thoughts and memories that may be anxiety-pro-
voking or challenging through repeated exposure to feared
stimuli. Considered as a first-line treatment for PTSD and
anxiety disorders, exposure therapy has shown to be highly
effective according to numerous guidelines (e.g., McLean
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and Foa 2011; Schmidt and Keough 2010). Emotional Pro-
cessing Theory may explain the mechanisms underlying
exposure therapy (Foa and Kozak 1986). Triggered upon
confrontation with trauma-related information, the phobic
fear structure is activated. Thus, mechanisms for symptom
reduction involve recurring confrontation with anxiety-
provoking stimuli (in vivo or imaginal) that elicit the fear
structure’s activation to attain habituation and eliminate fear-
ful and anxious reactions (Kothgassner et al. 2019). As a
result, VRET aids in modifying dysfunctional assessments
of threat by reducing the conditioned response associated
with the anxiety-inducing stimuli over time during exposure
(Boeldt et al. 2019).

VRET uses the key principles from traditional exposure
therapy and incorporates real-time 3-D graphics and visual
displays to immerse participants in a computer-generated
virtual environment, offering an adaptable treatment for psy-
chological disorders that promotes new learning and assis-
tance in training, assessing, and delivering psychotherapy
skills (Boeldt et al. 2019). Generally, the virtual environment
is intended to help patients confront fearful environments
and situations that may not be safe to encounter or are diffi-
cult to access in real life scenarios. Offering a unique ability
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to stimulate environments, VRET can challenge the bound-
aries of everyday surroundings (Kothgassner et al. 2019).
VRET is especially useful as it permits repeated exposure
infinitely with an adaptable and individualized immersive
environment easily implemented by therapists and often
more accessible and acceptable to patients than in vivo expo-
sure (Boeldt et al. 2019). VRET further carries the advan-
tage of increased control over stimuli as therapists can see
what patients see in real-time, which addresses limitations
of imaginal exposure, such as the patients’ inability to form
mental images. This advantage allows therapists to guide
patients through the VRET while monitoring and supporting
the patient, thus presenting VR as a valuable tool for mental
health therapy by providing patients with a physiologically
and emotionally evocative experience (Jerdan et al. 2018).
Patients report engaging experiences that feel realistic dur-
ing VRET (Freeman et al. 2017).

With recent changes in provision of psychological ser-
vices related to COVID-19 including social distancing and
the use of telehealth for providing interventions in clinical
social work, a mobile based virtual reality phone application
is timely and important. The cost of mental health mobile
applications is generally more accessible than in person
mental health services (Ebert et al. 2018). Because of the
ability for increased access potential, mobile phone applica-
tions have often become a resource for mental health inter-
ventions from anxiety to depression to PTSD (Linardon et al.
2019). Mental health mobile phone applications are cost
effective and may reach clients who are reticent to seek out
in person services (Jones et al. 2015). For populations that
may not be able to access a desktop computer or the internet
due to financial constraints, mobile phones provide greater
potential for access (Dolan 2016). Costs associated with this
intervention include a low-cost VR headset ($10-30) and the
cost of the mobile application. Because of cost and acces-
sibility, mobile based VR applications provide great promise
to clinical social workers for mental health intervention.

VRET research has proliferated exploring its use with
psychological disorders, especially anxiety disorders (Carl
et al. 2019). Early VRET studies on veterans with chronic
and treatment-resistant PTSD have yielded promising results
for VR-based exposure (Rothbaum et al. 1999, 2001).
More recently, a qualitative review concluded that VRET
is a potentially beneficial tool for treating different types
of trauma (Gongalves et al. 2012). Although over two dec-
ades of research documents the effectiveness of VRET for
anxiety disorders, exposure therapy remains an underutilized
treatment for anxiety disorders, at a time when effective and
accessible treatment is critical (Boeldt et al. 2019). When
presented as a scalable tool, VRET can increase access to
effective exposure therapy, improving the treatment of psy-
chological disorders, especially anxiety disorders. Incor-
porating VR in the therapeutic process provides patients
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with an evidence-based anxiety treatment that can improve
access, acceptability, and effectiveness of therapy. In the cur-
rent study, participants were immersed in a virtual reality-
based noncombat environment, a grocery store, that stimu-
lated anxiety and PTSD symptoms in post-combat veterans
to assess the effectiveness of VRET in increasing tolerance
to anxiety based cues and decreasing symptoms. This inter-
vention was delivered through a mobile phone application
platform, providing participants with the flexibility to utilize
the intervention at convenience.

Virtual Reality Exposure Therapy for Student
Veterans

Avoidance of stimuli associated with traumatic events,
a diagnostic criterion of PTSD, and social anxiety, or an
intense fear of being watched or judged by others, are often
comorbid and may increase the risk of suicidality along
with decrease quality of life and mental health (McMillan
et al. 2017). For returning combat veterans, assessment of
risk associated with being in crowds, along with difficulty
with interactions with others due to fear of being watched
or judged, may result in avoidance of places that are par-
ticularly stimulating for anxiety. The combination of these
comorbid conditions appears to be additive, resulting in
reduced potential for social support (McMillan et al. 2017),
an important contributor to recovery from PTSD (Wall and
Lowe 2020). For student veterans, social anxiety and avoid-
ance can produce significant distress, particularly when
acclimating to large crowded campuses requiring daily fre-
quent social interaction to navigate student responsibilities
of attending classes and studying with peers. Student veter-
ans report that social anxiety may significantly increase in
crowded walkways, chaotic public areas, bus transportation,
and cafeterias or campus restaurants (Trahan et al. 2019).
Additionally, student veterans report challenges with daily
life functioning in other venues where people congregate,
including grocery stores, restaurants, concerts, sporting
events, and university events such as graduations (Trahan
et al. 2019). The avoidance of these environments by vet-
erans may reduce their campus presence, increase anxiety
resulting in reduced potential for learning, and contribute to
increased attrition rates prior to graduation.

As social avoidance of crowded places generally contrib-
utes to lack of utilization of campus activities, our previous
work focused on producing a virtual reality environment that
would be usable and acceptable for student veterans to accli-
mate to social situations through exposure and tolerance.
With veteran avoidance of crowded spaces, we recognized
that virtual spaces with crowds might allow veterans the
opportunity to acclimate and navigate social environments.
From qualitative interviews with veterans (Trahan et al.
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2019), our team identified scenarios and specific cues to
anxiety within these crowded spaces. These cues for anxiety
were then communicated to a team of graphic design and
computer science students, who developed the virtual space
with multiple iterations of student and social work faculty
feedback sessions designed to review development progress
and hone design to implement these cues. Several scenarios,
including a crowded university walkway, an elevator, and a
grocery store were then prototyped with veterans (Metsis
et al. 2019). Using this rapid prototyping process, the final
grocery store design was identified as the most generaliz-
able and feasible environment for working with veterans to
address social anxiety. Furthermore, it was also identified
as a location that would produce moderate to high levels of
social anxiety (Nason et al. 2019). The final grocery store’s
design included various triggers for social anxiety, including
sounds of a crying baby, people crowding aisles, disagree-
ments between customers, a dropped backpack on the floor,
and a checkout counter with cashier interacting with the cus-
tomer (Fig. 1). Once the grocery store was developed, the
program was transferred to a mobile-based application, that
could be uploaded to a user mobile phone, providing ease
of at-home access, with limited equipment necessary to use
the intervention.

Neuroimaging

Although research has demonstrated the VRET is an effec-
tive treatment option, little research has examined the
neurological mechanisms that are implicated in reducing
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Fig. 1 Virtual reality grocery store with cues for social anxiety

symptoms with the intervention. Research findings suggest
that three intersecting large-scale brain networks, includ-
ing the Salience Network (SN), the Default Mode Network
(DMN), and the Central Executive Network (CEN), mediate
the brain’s link to behavior, including symptomatic behavior
associated with several mental health diagnoses (Bressler
and Menon 2010). While researchers have not explicitly
studied the intersection of brain networks with subjects
diagnosed PTSD and social anxiety, research findings do
indicate that both social anxiety and PTSD are character-
ized by disrupted interconnectivity between the DMN and
CEN stemming from an overactive SN (Sripada et al. 2012;
Xu et al. 2019). Indeed, the SN is involved in many tasks
associated with PTSD and social anxiety, including atten-
tion, threat detection, arousal, and emotional regulation
(Barrett and Satpute 2013; Morley et al. 2019; Seeley et al.
2007). Research indicates the SN is inversely correlated
and modulates the CEN and the DMN (Barrett and Satpute
2013; Chiong et al. 2013; Seeley et al. 2007). This dysregu-
lation leads to an impaired extinction of fear (Chen et al.
2018; Garret et al. 2019; Wolf and Herringa 2016). Within
these large-scale networks are key nodes that anchor the
large scale networks including the medial prefrontal cortex
(mPFC), posterior cingulate cortex (PCC), and precuneus
within the DMN, the anterior cingulate cortex (ACC) and
anterior insular cortex (AIC) within the SN, and dorsolateral
prefrontal cortex (DLPFC), Posterior Parietal Cortex (PPC)
within the CEN (Menon 2011; van den Heuvel and Sporns
2011, 2013).

Research findings indeed indicate that disrupted inter-
brain network connectivity stems from overactivation in the
amygdala, a region vital to fear conditioning (Chen et al.
2018; Garret et al. 2019; Sripada et al. 2012). More spe-
cifically, research findings indicated that stress-induced hor-
mone cortisol modulates activation in the amygdala and is
associated with increased connectivity within the SN and
decreased connectivity in the DMN (Garret et al. 2019; van
Stegeren et al. 2007). Research also shows that trauma leads
to increased amygdala sensitivity (Chen et al. 2018). Trauma
also leads to increased amygdala connectivity to the precu-
neus, which is a region vital for episodic memory and a key
node of the DMN, and decreased connectivity between the
precuneus and the medial prefrontal cortex (mPFC), which
is a key region for modulating the amygdala and resilience
to trauma (Chen et al. 2018; Rauch et al. 2005).

Indeed, findings indicate that an impaired mPFC is a key
neurological feature associated with neurological dysfunc-
tion with regulating trauma and fear (Rauch et al. 2005).
Evidence suggests that PTSD symptoms were associated
with reduced connectivity between the mPFC and the
DLPFC, a key node of the CEN (Chen et al. 2018; Wolf
and Herringa 2016). Research also suggests that negative
affect among people with PTSD is associated with increased
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amygdala activity, decreased mPFC activity, and that sup-
pression of negative emotions is associated with the anticor-
relation between the mPFC and amygdala (Delgado et al.
2008; Etkin and Wager 2007; Johnstone et al. 2007; Urry
et al. 2006). Moreover, research findings indicate that this
disrupted anticorrelation was associated with worsening
symptoms over time (Wolf and Herringa 2016).

While the mPFC may be important for fear extinction
characteristic of both social phobia and PTSD, the increased
amygdala and salience network association with the precu-
neus and PCC play a specific role in social phobia. Indeed,
these areas of the DMN play a key role in both episodic
memory and theory of mind (Cavanna and Trimble 2006).
Given the amygdala and the SN are associated with fear
and threat detection with processing theory of mind, these
findings seem to indicate the increased tendency of asso-
ciating understanding others with fear, which is character-
istic of social phobia. Given that traumatic events lead to
this increased association between regions associated and
associated with fear, understanding others, and decreased
resilience to fear, evidence indicates a common neurodevel-
opmental pathway for social anxiety and PTSD. This com-
mon developmental pathway would suggest why these two
diagnoses are often comorbid.

Given that these two diagnoses have a common neu-
rodevelopmental pathway, pursuing an intervention that
targets disrupted brain network connections could be use-
ful in treating both conditions. Previous research indicates
that exposure therapy might be an effective tool to enhance
connections disrupted by exposure to violence (King et al.
2016, 2017). Indeed, King et al. (2016) found that expo-
sure therapy is linked to increased connectivity between the
posterior cingulate cortex and the dorsal lateral prefrontal
cortex. King et al. (2016) also found that this improved
connectivity was correlated with a decrease in avoidance
and hyperarousal symptoms. King et al. (2017) found that
exposure therapy is linked to increased activity in the mPFC
and DLPFC during an emotional face task, correlated with
reduced symptoms of PTSD. These findings together indi-
cate that exposure therapy reduces the association of the
salience network and precuneus in response to a traumatic
event, improved connections within the DMN, and enhanced
activation of the mPFC in response to regulating fear.

Sleep Quality

Sleep and mental health are interconnected. Sleep com-
plaints are ostensibly ubiquitous within PTSD and anxiety
disorders and are often associated with hyperarousal (Rich-
ards et al. 2019). Nighttime sleep disturbances are the most
salient conveyed sleep complaints in PTSD, having been
reported in as many as 90% of cases (Harvey et al. 2003).
Sleep disturbances lead to fractured sleep, poor sleep quality,
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daytime complaints, and the subsequent exacerbation of del-
eterious concomitant symptoms (Harvey et al. 2003; Mclay
et al. 2010). VRET is an effective treatment for reducing
symptoms of PTSD and anxiety disorders (Gongalves et al.
2012), and postulates an auspicious mechanism vis-a-vis
improving parallel sleep disturbances and concomitant
Ssymptoms.

Methods

For this case study, we implored utilized an exploratory
instrumental case study methodology (Crowe et al. 2011;
Yin 1984), as the purpose of the study was to better under-
stand how simulation-based exposure to cue related stress
triggers social anxiety for student veterans. While in vivo is a
gold standard for exposure therapy, virtual reality provides a
highly accurate simulation-based learning environment that
may effectively stimulate an anxiety response, which may be
attenuated with repeated exposures or a treatment (Chesham
et al. 2018). The phenomenon of the stimulation of anxiety
within a pre-designed virtual environment for addressing a
specific psychopathology has merit for future therapeutic
interventions. In determining the case to be selected, the
research team engaged in an iterative process of discussion
and consensus. The primary author made a recommendation
about the case and received feedback from each researcher.
The basis of selection was consistency of case as compared
to other cases, including a moderate to high social anxiety
score, the presence of PTSD which is often co-morbid with
social anxiety disorder, the selection of an older student vet-
eran (more common to the university system), dose valida-
tion, and no cybersickness symptoms. To collect data, the
researchers utilized both quantitative (questionnaires, EEG)
and qualitative (interviews) research methods, although the
qualitative summary is not reported here. The research ques-
tion was “How can a mobile phone delivered virtual reality
simulation of a grocery store be utilized to provide a realistic
environment for repeated exposures to induce social anxiety
symptoms and reduce response with habituation?”

Case Example Study

This evaluation of a mobile virtual reality intervention was
approved by the university Institutional Review Board.
“Rick”, a 36-year-old white male student veteran, initiated
participation in the project by responding to a recruitment
email delivered to the student veteran population at the
university. The participant signed an electronic informed
consent at the time of initiation through an online pre-
screen. Rick completed the online prescreen through Qual-
trics in 12:28 min in April 2019. The prescreen included
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demographic questions including military history, medical
history, social anxiety and distress scale, the PTSD Check-
list for the DSM-V [PCL-5; Weathers et al. 2013], and the
Symptom Checklist-90-Revised [SCL-90; Prinz et al. 2013].
The student reported that he was currently married, resid-
ing with his wife and two children. He stated that he was
previously an active duty Marine, with four years of service
and one previous deployment, eight months in length. He
reported that he was unemployed, identifying as a full-time
student in his senior year of undergraduate education. He
denied a history of a traumatic brain injury, seizures, mobil-
ity issues, and denied taking medications. The student did
report a history of substance use disorder and stated that
he had abstained from alcohol for two years prior. The stu-
dent also reported in the prescreen that he had a history of
PTSD, resulting in anxiety and panic attacks. Rick scored a
19 on the social anxiety and distress scale, indicating a high
moderate level of social anxiety for a male (low= <4, inter-
mediate =419, high=20+; Watson and Friend 1969). He
also scored a 46 out of 80 on the PCL-5, above the generally
accepted cutoff of 31-33, indicating the presence of PTSD
(Blevins et al. 2015; Weathers et al. 2013).

Furthermore, a provisional diagnosis of PTSD was made
based on scores in individual symptom clusters. The SCL-
90-R was scored to determine if psychotic symptoms were
present, and the results were not indicative of psychotic
symptoms. Upon reviewing the student’s scores, demograph-
ics, and student status, it was determined that the student
would be contacted to participate in the study.

After review and confirmation of inclusion, Rick was
contacted via email about study involvement. Rick agreed
to participate and was provided with an appointment time
for an initial screening session. At first intake, he completed
another set of screening measures, including the Pittsburgh
Sleep Quality Index [PSQI; Buysse et al. 1989], Motion
Sickness Questionnaire [MSQ; Frank et al. 1983], a PCL-5,
a Tellegen Absorption Scale (Tellegen and Atkinson 1974),
and a Five Face Mindfulness Scale (Baer et al. 2006). The
PSQI was administered for the baseline collection of sleep
data. As motion sickness history has been found to be asso-
ciated with cybersickness (Gavgani et al. 2018), the MSQ
was administered to determine the risk related to nausea,
dizziness, and other motion sickness symptoms that may
affect the use of the application, along with participant
safety. The Tellegen Absorption Scale (Tellegen and Atkin-
son 1974) and the Five Facet Mindfulness Scale (Baer
et al. 2006) serve to control for these variables in a larger
study related to usability and feasibility of the intervention.
Consistent with the screening questionnaire, the student’s
total score on the PCL-5 at this timepoint was 44. After
completing these measures, the client was interviewed by
a doctoral-level faculty psychologist using the mood, psy-
chotic symptom, anxiety, trauma and stress related disorders,

and sleep—wake disorder modules of the Structured Clini-
cal Interview (Research Version) for the DSM-5 (SCID-RYV,
First et al. 2015). On the SCID, the individual met diagnostic
criteria for current panic disorder with agoraphobia, social
anxiety disorder, posttraumatic stress disorder, and insom-
nia disorder. The participant endorsed an extensive trauma
history, both during military service and as a civilian. Rick
reported current passive suicidal ideation but denied any
current suicidal plans or intentions. Based on the informa-
tion gathered, it appeared that his suicide risk was low and
did not require additional intervention. Upon review of the
SCID diagnostic criteria and the measures, the student met
inclusion criteria, as he had social anxiety, no indication of
psychotic symptoms, and no evidence of a history of TBI.
After meeting criteria for the study, Rick was evaluated
for a baseline measure of biophysiological responses, includ-
ing heart rate, galvanic skin response, and the client was
fitted with a Brain Vision Live Amp 64-Channel Portable
Electroencephalogram (EEG) system. Biometric informa-
tion was collected utilizing BioRadio Wireless Physiology
Monitor and associated peripherals from Great Lakes Neu-
rotechnology. Due to the nature of social anxiety, researchers
considered how to obtain a resting-state biophysiological
baseline to evaluate the change in bio physiology upon expo-
sure. It was determined that a brief mindfulness exercise
upon arrival could assist participants in overcoming the
anxiety of attending a session with multiple researchers that
they had never met. Prior to the baseline resting-state evalua-
tion, the participant was guided through a 3-min mindfulness
exercise and then resting-state baseline data was collected
using a portable EEG. After 10 min of baseline data on con-
nectivity, the researchers then removed the EEG cap and
proceeded to brief the participant on the VR application.
Rick was provided with an overview of the intervention, and
a tutorial about moving within the VR space in the app. The
application was provided to the participant using a standard
plastic VR headset with a 3-D VR grocery store loaded on
a mobile phone. The plastic VR headset is designed to slide
a mobile phone into the headset to view the VR environ-
ment. The mobile phone was thus placed in the VR headset,
allowing the participant to view the virtual grocery store
and complete a tutorial on how to move within the virtual
space. As the intervention was delivered through a mobile
phone application, there was not an option to provide a
joystick for user movement. To adjust for this, the mobile
application was designed so that tilting the headset slightly
up or down by looking up or down would move the par-
ticipant forward and backward. The participant was briefed
about how to move within the grocery store and provided
two minutes to practice. Rick was then provided with the
following directions: “What you see here is a virtual grocery
store. We would like to ask you to explore the grocery store
for the next 10 min. Every 30 seconds, we will ask you to
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rate your anxiety level from 0 to 100. After 10 minutes, the
simulation will end.” The Subjective Units of Distress Scale
(SUDS) ranging from 0 to 100, was used to evaluate the
intensity of anxiety symptoms throughout the exposure. This
approach is consistent with other exposure-based therapies.
During the exposure to the virtual grocery store, the partici-
pant was asked during intervals about self-reported stress
using a 0-100 SUDS scale, which was documented. Addi-
tionally, biometric readings of heart rate and GSR were also
recorded. After 10 min of exposure, the simulation ended.

After exposure, Rick completed a virtual reality presence
questionnaire (Witmer & Singer 1998) to determine his level
of engagement in the app. The presence questionnaire pro-
vides a baseline score related to level of engagement with
the app. The participant was briefed about the intervention
and instructed to utilize the VR app at least three times per
week for four weeks, for 12—15 min per session. This dose
is consistent with previous research related to effective VR
interventions for social anxiety (Chesham et al. 2018), and
consistent with previous research that increased exposure
doses result in greater decreases in symptoms (Powers and
Emmelkamp 2008; Opris et al. 2012). An appointment was
then set for Rick to return in two weeks to check on dosage
and use, recharge the sensor, collect usability data, and to
address any questions or concerns that had arisen in the pro-
cess of utilizing the intervention and navigating the virtual
space.

Rick returned to meet with the research team after two
weeks utilizing the intervention. He reported that he had
utilized the intervention three times per week, for 12—15 min
per session for both weeks. He reported no difficulties with
accessing or utilizing the intervention. He completed a Sys-
tem Usability Scale (Brooke 1996), of which he scored the
mobile technology as a 95 out of 100, indicating a system
that is highly usable. Two additional questions were asked
about usability regarding difficulty with opening the appli-
cation and the ability to move within the virtual space, both
of which he reported were, “very easy.” An appointment for
a follow-up session was scheduled for two weeks after this
date. After the session, Rick was sent a gift card of $100 as
renumeration for utilizing the intervention for the first two
weeks.

Rick returned for a final data collection session after four
weeks of utilizing the intervention. He stated that he had
used the intervention at the prescribed dosage, 12—-15 min,
three times per week for two additional weeks, as previ-
ously accomplished in the first two. He completed several
scales for the purpose of measuring changes in social anxi-
ety, PTSD symptoms, and sleep. After the completion of
the measures, the student was fitted with an EEG cap. After
putting on this cap, the research assistant fitted him with
technology to assess biomarker data. The participant was
provided with a 3-min mindfulness relaxation meditation,
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equivalent to the meditation provided in the first session.
After completing this activity, 10 min of baseline resting-
state data was collected from the research participant. Dur-
ing this time, the participant was instructed to attempt to
stay as motionless as possible to collect the data. After the
completion of this data collection period, the EEG cap was
removed from the participant. The participant was then pro-
vided with the VR unit, including the mobile phone and the
plastic VR glasses, to utilize the mobile phone VR grocery
store app and collect information about self-reported stress
levels. Equivalent to the first session, the participant entered
the VR space, and was prompted every 30 seconds to pro-
vide a SUDS score of his level of distress. This information
was recorded by one of the researchers. Upon completion
of the 10-min exposure exercise, the participant was asked
to remove the VR goggles and the physiological monitoring
technology was also removed. At this time, the participant
answered questions related to the system usability along
with two questions pertaining to usability that were added.

Review of the SUDS data indicated a reduction in self-
reported stress during exposure to the application. The
original mean of self-reported stress (M =33) was greater
than the mean of self-reported stress after the intervention
(M =14.5), although a t-test failed to indicate a signifi-
cant difference between the two time points [¢ (45)=3.00,
p=0.205]. However, on measures of social anxiety, PTSD,
and sleep quality, there were significant differences in these
scores from baseline to post-intervention. The participant
scored a nine on the Social Anxiety and Distress scale,
indicating a 52.6% reduction in social anxiety in over four
weeks. The participant also scored a 37 out of 80 on the
PCL-5, an 11% reduction of PTSD symptoms. These reduc-
tions indicate a drop in both social anxiety and PTSD.

EEG data were preprocessed and analyzed using the
brain analyzer 2.0 analysis software (Mideksa 2018). All
data were preprocessed to remove artifacts using a low filter
pass of 0.53 Hz and a high pass of 60 Hz and ocular correc-
tion ICA to remove artifacts associated with blinking. The
analysis included hemisphere specific posterior cingulate to
mPFC and current source density analysis of the bivariate
mPFC. Regions of interest were located using the Analyzer
2 Loreta Program using the following MNI coordinates right
mPFC 6 52 — 2, left mPFC — 6 52 — 2, right PCC 8 — 56
26, and left PCC — 8 — 56 26 (Andrews-Hanna et al. 2010).
The results showed that post-test connectivity coefficients
were significantly higher in the left (r (1)=12.92, p=0.017)
and higher but almost statistically significance in the right
(t (1)=3.95, p=0.078) hemisphere. Moreover, the source
density analysis showed larger amplitudes MPFC electri-
cal activity in the left (7.38 X 10— 3.04 X 10™) and right
(6.87 x 107*— 2.74 x 10~*) hemispheres.

For sleep data, pre-and-post intervention findings are pre-
sented in Table 1. The participant’s sleep improved with a
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Table 1 Pre-and-post intervention comparison of global and compo-
nent PSQI scores

Component Pre-inter-  Post-inter-  Difference
vention vention
Overall global PSQI 10 6 -4
Subjective sleep quality 2 1 -1
Sleep latency 1 1 0
Sleep duration 2 1 -1
Habitual sleep efficiency 0 0 0
Sleep disturbances 2 2 0
Sleep medication use 0 0 0
Daytime dysfunction due to 3 1 -2

sleepiness

Lower scores are indicative of healthier sleep

Table 2 Electrophysiological connectivity coefficient correlation

tables
Left MPFC  Right MPFC Left PCC  Right PCC

Pre-test

Left MPFC 1

Right MPFC ~ .98%** 1

Left PCC Pre  .10%* .094%* 1

Right PCCP  .106** .097%* 95%* 1

Post-test

Left MPFC 1

Right MPFC ~ .99%* 1

Left PCC Pre  .90%* 90%#* 1

Right PCCP  91%* O1#* B5%* 1

*.05; #*.01

Tab.le. 3 Soche density MPFC Right hemisphere  MPFC

activity amplitudes
Pre-test 2.74x 107
Post-test 3.04x 107
Left hemisphere MPFC
Pre-test 6.87x 107
Post-test 7.38%x107

four-point change, reflecting improvements in three of the
seven sleep component scores. While the post interven-
tion score does not meet a global index indicating “good
sleep”, it does indicate positive progress towards overall
sleep quality. The overall global PSQI score (overall sleep
quality) improved by four points post-intervention, reflect-
ing improvements in three of the seven sleep component
scores (Tables 2, 3). Subjective sleep quality improved one
point from a score of “2” (moderate difficulty) to a score
of “1” (mild difficulty), sleep duration improved one point
from a score of “2” (moderate difficulty) to a score of “1”

W Post-Int

Score

ation  Sleep disturbances

| lﬂ " l—l

Overall global PSQI - Subjj eep  Sleep latency

Fig.2 Visual representation of pre and post intervention global and
component PSQI scores. Lower scores are indicative of healthier
sleep. Component scores of zero (no difficulty) pre-and-post interven-
tion have been removed from the figure

(mild difficulty), and daytime dysfunction due to sleepiness
improved two points from a score of “3” (severe difficulty)
to a score of “1” (mild difficulty). Pre-and-post intervention
scores were maintained for the remaining sleep components:
sleep disturbances remained at a score of “2” (moderate dif-
ficulty), and sleep latency remained at a score of “1” (mild
difficulty). No sleep component score exhibited deteriora-
tion. A visual representation of pre-and-post intervention
findings are presented in Fig. 2. It is also imperative to note
that the participant did not report meeting the American
Society for Sleep Medicine (AASM) recommended amount
of seven hours of sleep duration (Watson et al. 2015) per
night at any time during the study period.

Discussion

Rick presented with comorbid social anxiety disorder, panic
disorder with agoraphobia, posttraumatic stress disorder, and
insomnia disorder. His clinical presentation was complex
in nature and he had been experiencing anxiety symptoms
for over a decade. His clinical presentation is likely to be
consistent with the types of comorbidities encountered in
outpatient settings. For this specific case example, mobile-
based virtual reality exposure therapy to address veteran
social avoidance and anxiety resulted in statistically signifi-
cant decreases in social anxiety and PTSD and an increase
sleep quality between the pre- and post- follow up assess-
ments. He also noted decreases in his stress levels during
exposure, though the change was not statistically signifi-
cant. Without therapeutic supervision during exposures, the
case illustrates how simulation-based exposure through an
empirically designed intervention developed specifically to
induce social anxiety symptoms can provide a platform for
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reducing social anxiety through repeated exposures. As this
intervention was developed specifically for the purpose of
inducing these symptoms, including inducing auditory and
visual cues, this case example demonstrates how mobile
phone technology and the use of virtual simulations can be
developed to provide a platform for conditioning related to
anxiety based cues.

This case study illustrates neuroscience research findings
suggesting a common neurological pathway underlining
social anxiety and PTSD. Previous results that have linked
both social anxiety and PTSD are associated with increased
precuneus aligning with the amygdala and salience network,
decreased connectivity between key nodes of the DMN,
and weakening the mPFC function. The participant showed
increased connectivity between key nodes of the DMN and
increased amplitudes electrical activity in the MPFC dur-
ing the post-test. These changes in neurological activity
are linked to a reduction in symptoms and improved sleep.
Given that reduced DMN connectivity is also associated
with sleep deprivation (De Havas et al. 2012), these find-
ings point to the potential impact of enhanced DMN function
as a treatment efficacy for treating symptoms of PTSD and
improving resiliency in fear-based disorders. This case study
provides an in depth illustration of the use of mobile VR
applications for the delivery of exposure-based treatment of
anxiety disorders. More specifically, this case illustrates that
improved connectivity between key nodes in the DMN are
linked to improved rest and increased activity in the MPFC.
Given that the MPFC is a key region for regulating fear, this
study demonstrates how increased electrical amplitudes in
MPFC may result in a reduction of symptoms of fear.

Despite the participant not meeting scoring criteria at or
below the poor sleep quality threshold post-intervention,
the participant did improve their overall global PSQI (sleep
quality) score by four points, representing very optimistic
and encouraging findings for future research endeavors
incorporating the aforementioned protocols. Poor sleep qual-
ity has previously been found to correspond with reduced
amygdala-posterior cerebellar lobe connectivity in indi-
viduals with anxiety and depression (Klumpp et al. 2018).
Other studies have shown that sleep duration deprivation
has resulted in a sixty-percent greater magnitude or amyg-
dala reactivity and a significant loss of functional connectiv-
ity between the amygdala and the medial prefrontal cortex
(Yoo et al. 2007). Additionally, student veteran populations
may have higher manifestation rates of insomnia than other
populations (Rodrigues et al. 2019), and studies of sleep
deprivation and insomnia disorder suggest sleep loss may
modify amygdala-frontal connectivity. Taken together, find-
ings suggested shared neurobiology between sleep and emo-
tional systems; however, the impact of sleep quality on the
amygdala circuit in anxiety or depression is unclear (Klumpp
et al. 2018), and further research is recommended.
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Limitations and Future Research

As with all case studies, there are several limitations related
to the generalizability of the presented results. First, case
study is a relevant research design when attempting to under-
stand questions of “how” and “why” (Yin 1984) and is not
generalizable. As this project utilized quantitative pre and
post data to evaluate one case, we suggest that this indi-
vidual case study may not thoroughly answer the “how”
question pertaining to this intervention. Further research,
perhaps using qualitative methods, is necessary to under-
stand specific factors within the exposure to the scenario
that trigger social anxiety, providing a more complex and
robust understanding of the question of how virtual real-
ity may provide a more realistic intervention platform for
addressing anxiety. While we also attempted to connect the
neuroimaging with associated stress and sleep outcomes, we
cannot state that these outcomes are caused through changes
in neuro connectivity. Furthermore, we also recognize that
individual preferences within the virtual space may promote
a variety of responses. For instance, participants may prefer
different areas of the store, leading to differences in changes
of pre-post data.

In recent years, questions about the dosage and timing of
clinical interventions have become increasingly common in
clinical trials. For example, recent research has compared
the effectiveness of exposure-based protocols for posttrau-
matic stress disorder, such as Prolonged Exposure, when
using a massed (e.g., the client is seen daily and completes
the treatment protocol over a period of two weeks) versus
spaced (e.g., the client is seen using a more traditional ses-
sion spacing of once or twice per week over the course of
several months) (Foa et al. 2018). A limitation to our study
was a lack of real time tracking of how much time was spent
in the virtual application, along with areas visited within the
scenario. Participants reported to the research staff at each
time point the amount of time and days spent in the applica-
tion. Thus, participants seeking social desirability may not
have been fully forthright about the time spent within the
application. This research has found that massed treatment
may be more effective in the short-term and noninferior in
the long-term compared to more traditionally timed expo-
sure exercises. Mobile applications allowing individuals to
engage in exposure exercises at home allow for flexibility
that could increase engagement in exposure and reduce
symptoms over shorter periods of time compared to cur-
rently available, in-office virtual reality exposure exercises
for anxiety disorders (Kim et al. 2017). However, future
research is needed to systematically evaluate the ideal tim-
ing and dosage of mobile VRET in a larger sample.
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Clinical Implications

Many of the gold standard treatments for anxiety and post-
traumatic stress disorders require individuals to engage
in vivo exposure exercises outside of therapy sessions.
These exercises are intended to help individuals habituate
to feared stimuli in real-world settings, thus, facilitating a
habituation response. Past research has demonstrated that
VRET is likely as effective as in vivo exposure (Wechsler
et al. 2019). One limitation of traditional VRET is that it
requires that individuals have access to specialized equip-
ment and virtual exposure might be limited to in-office ses-
sions. Mobile-based VRET allows users to engage in regular
exposure exercises from a safe environment (e.g., at home).
This both allows for more frequent trials and increased con-
trol that could contribute to higher levels of acceptability
and feasibility than in vivo exposure or in-office VRET. Fur-
thermore, mobile based VRET provides participants with
opportunities for exposure based on convenience, allowing
participants flexibility to receive repeated exposure when
feasible for the user.

Additionally, this mobile-based technology appears to
have both psychological and neurophysiological benefits,
resulting in a reduction of social anxiety for this veteran.
Clinical interventions utilizing virtual reality exposure
therapy for reducing social avoidance require discernment
from a clinician. With this veteran, a mobile-based virtual
reality grocery store provided stimuli such as crowded
spaces, noises, and social interactions that were beneficial
for addressing social anxiety and avoidance. However, other
veterans may benefit from cognitive-behavioral treatment
that focuses on reframing interpersonal responses and reac-
tions to specific social interactions. Clinical interventions
should discern differences between social avoidance result-
ing from PTSD and social anxiety, a condition that may not
be induced by trauma-related experiences. As the results of
this case summary are not generalizable and cannot be veri-
fied as broadly reaching, this case demonstrates a promis-
ing effect of this intervention, particularly for veterans who
have comorbid social anxiety and PTSD. Further research
would provide more generalizable evidence, with a need for
a future randomized control trial to evaluate the intervention
with a larger sample of veterans.
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