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Abstract

Exposure-based cognitive behavior therapy (CBT) has demonstrated efficacy and is recommended as a front-line treatment
for childhood anxiety. Unfortunately, challenges exist that impact the effective implementation of exposure-based CBT in
clinical practice. One of the primary challenges is the accessibility and availability of exposure stimuli (e.g., spiders, storms,
heights) in CBT sessions. Immersive virtual reality (VR) has shown promise as a scalable and sustainable solution to address
this clinical need, but remains largely untested in youth with anxiety disorders. Here, we examine the use of VR exposures in
the treatment of youth with an anxiety disorder (i.e., specific phobias). We aimed to investigate: (1) the feasibility and clinical
benefit of VR exposures; (2) whether VR exposures elicit changes in physiological arousal and/or subjective distress; and
(3) whether habituation serves as a mechanism across physiological and subjective outcomes for VR exposures. Three youth
and their parents completed a clinical evaluation, which was followed by a one session treatment (OST) with VR exposures.
Afterward, youth and parents completed clinical assessments one-week and 1-month after treatment. Immersive VR exposures
were found to be feasible and demonstrated clinical benefit for reducing anxiety severity. Additionally, VR exposures elicited
changes in both physiological and subjective outcomes. Finally, physiological habituation to VR exposures was observed
among participants who exhibited treatment response at follow-up. Collectively, these findings demonstrate preliminary
evidence that VR exposures are feasible, tolerable, and show some therapeutic benefit for treating youth with anxiety.
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Introduction of youth [1]. Collectively, these conditions are characterized

by intense physiological, cognitive, and behavioral responses

Anxiety disorders are one of the most common psychiatric
conditions among children and adolescents, with prevalence
estimates suggesting that these conditions affect up to 30%
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that cause significant distress and functional impairment [2,
3]. When left untreated, anxiety disorders in childhood and
adolescence confer risk to the development of severe psy-
chopathology later in adulthood (e.g., anxiety disorders,
mood disorders, substance use, and/or suicidal ideations/
behaviors [4]). Thus, the timely and effective treatment of
anxiety disorders in youth is critical to improve clinical out-
comes for patients and quality of life across the lifespan.
There are at least two evidence-based treatments for child-
hood anxiety disorders: exposure-based cognitive behavior
therapy (CBT) and pharmacotherapy. Exposure-based CBT
is a multi-component intervention that is comprised of sev-
eral core therapeutic elements: (1) psychoeducation, (2)
symptom hierarchy development, (3) cognitive reappraisal/
restructuring, and (4) exposure to feared stimuli/situations.
Most CBT protocols for childhood anxiety emphasize the
number of treatment sessions on exposures, which have been
linked to positive treatment outcomes [5, 6]. Exposure-based
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CBT has demonstrated considerable efficacy [7-10] and
effectiveness [11] for reducing anxiety symptom severity and
impairment. While pharmacotherapy has also been shown
to be efficacious [12], exposure-based CBT is often recom-
mended as the front-line treatment for anxiety disorders in
youth [13].

Despite its considerable therapeutic benefit, there are
multiple difficulties when it comes to completing expo-
sures effectively in CBT. While a number of concerns
pertain to issues that arise between CBT sessions (e.g.,
homework adherence, unintentional parental accommo-
dation, avoidance behaviors; see [14, 15]), there are also
several challenges with implementing exposures in session
for therapists. Historically, exposures are either conducted
in vivo—facing the feared stimulus/situation in real life—or
imaginally—imagining facing the feared stimulus or situa-
tion. However, exposure stimuli and/or situations may often
not be readily accessible within a therapist’s office. For
instance, therapists who aim to conduct in vivo exposures
for youth with arachnophobia would be tasked with acquir-
ing and/or maintaining spiders on site for CBT sessions.
Therapists can try to have these items readily available,
but this requirement places demand on scarce therapeutic
resources. Still other exposures are simply not practical to
complete in a therapist’s office outside of imaginal expo-
sures. For instance, when working with youth experiencing
social anxiety, organizing a public speaking exposure with
an audience of 50 strangers may be nearly impossible for a
clinician in an outpatient setting. Finally, it is important to
acknowledge that facing fears can be challenging for patients
during treatment, regardless of age. Exposures often elicit
strong physiological arousal, subjective distress, and behav-
ioral avoidance from patients. Indeed, out of 220 exposure
therapists surveyed, 94% endorsed some difficulty utiliz-
ing exposures in CBT sessions [16], with other reports also
documenting similar challenges using exposures in treatment
[17]. Therefore, there is a strong need to develop innovative
therapeutic solutions to facilitate and/or increase the comple-
tion of exposures in CBT for youth with anxiety disorders
[18].

Virtual reality (VR), broadly defined as a digitally
simulated 3-dimensional environment, holds promise as
one innovative solution for exposure therapy. VR can be
accessed through multiple technology platforms, includ-
ing: (1) phones with cardboard viewfinder headsets (e.g.,
Google cardboard app); (2) virtual environments displayed
on a computer monitor with joystick navigation systems
(e.g., first-person video games); (3) virtual environments
that are visually projected onto screen walls in an enclosed
space (i.e., Cave Automatic Virtual Environment [CAVE]
system); and (4) head mounted displays with hand-held
controllers (e.g., Oculus Quest VR system). Advancements
in technology have increased the accessibility and usability

@ Springer

of immersive VR [18]. Research focusing specifically on
immersive VR exposures has demonstrated efficacy in adults
with anxiety disorders [19]. However, immersive VR has
received limited investigation among youth with anxiety
disorders [20-26]. Further research is needed to determine
optimal parameters for VR exposures in youth with anxi-
ety before widespread adoption of this therapeutic tool into
clinical practice.

Towards this goal, we examined the use of VR exposures
in the treatment of youth with anxiety disorders. First, we
investigated the feasibility, acceptability, and clinical ben-
efit of VR exposures. Second, we examined whether VR
exposures elicit changes in subjective distress and/or physi-
ological arousal to determine whether VR exposures parallel
in vivo exposures. Third, we explored whether habituation
occurred on subjective and/or physiological outcomes dur-
ing VR exposures. Collectively, this investigation sought
to provide initial evidence that VR exposures are feasible,
tolerable, and therapeutically beneficial for treating anxiety
in youth.

Methods
Participants

Three children (two females and one male) and their respec-
tive parents participated in this study. Youth were almost 12
years of age on average (M =11.70, SD=2.09). All were
White, and non-Hispanic/Latino ethnicity. Participants
met diagnostic criteria for a primary diagnosis of a specific
phobia based on the Anxiety Disorder Interview Schedule
(ADIS; [27]). Three distinct specific phobias were present
across participants: (1) Participant 1 had a fear of storms; (2)
Participant 2 had a fear of spiders; and (3) Participant 3 had
a fear of dogs. Participant 3 also met criteria for generalized
anxiety disorder, and met criteria for a secondary specific
phobia diagnosis (fear of storms). All participants’ primary
specific phobia symptoms demonstrated moderate clinical
severity or greater at the initial assessment on the Clinical
Global Impression of Severity (CGI-S) [28].

Clinical Measures

Anxiety Diagnostic Interview Schedule-Child/Parent
(ADIS-C/P)

The ADIS-C/P is a clinician-administered, semi-structured
interview that assesses anxiety disorders and co-occurring
psychiatric conditions in children and adolescents [27]. It
has shown excellent psychometric properties [29, 30]. Par-
ent and child reports are combined to yield a clinical sever-
ity rating (CSR) for each diagnosis ranging from O to 8,
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with scores greater than 4 indicative of meeting diagnostic
severity. The ADIS-C/P was used to confirm the presence
of the specific phobia at the initial assessment, and the CSR
characterized the severity of each primary phobia diagnosis
at the post-treatment and 1-month follow-up visits.

Clinical Global Impression-Severity and Clinical Global
Impression-Improvement (CGI-S/CGI-I)

The CGI-S and CGI-I are clinician-rating scales that are
used to characterize the global severity and therapeutic
improvement in clinical trials [28]. Clinician ratings on
the CGI-S range from no illness (1) to extremely severe ill-
ness (7), with a rating of moderate illness (4) often used
to characterize inclusion in treatment studies. Meanwhile,
values on the CGI-I range from very much improved (1) to
very much worse (7). Consistent with clinical conventions
characterizing improvement in childhood anxiety disorders
[31-33], treatment response was defined as a CGI-I rating of
very much improved (1) or much improved (2). The CGI-S
and CGI-I were administered at the initial assessment, post-
treatment assessment, and 1-month follow-up assessment to
capture the overall severity and improvement of the primary
specific phobia.

Treatment Satisfaction Forms

At the post-treatment assessment, parents and youth com-
pleted the treatment satisfaction questionnaire [34]. Given
that youth only received a single session of treatment, we
focused on child- and parent-ratings of the item “Overall,
you were satisfied with the help that you received at this
clinic”. Respondents can rate this item as “very false” (1),
“false” (2), “neither true nor false” (3), “true” (4), or “very
true” (5).

Subjective and Physiological Measures

Given that in vivo exposures elicit subjective distress and
physiological arousal, we collected markers of subjective
responses and physiological arousal during VR exposures to
understand whether VR exposures exhibited a similar pat-
tern. Physiological arousal is an objective marker of anxiety
response, and is often measured using skin conductance.
Skin conductance response (SCR) captures the variation in
skin conductance levels due to sympathetic arousal. Mean-
while, subjective responses were characterized using sub-
jective units of distress (SUDS), which are commonly used
in clinical practice. In this study, SCR was measured using
a Biopac MP160 with wireless BioNomadix Device. The
onset/offset of each exposure step in the exposure hierar-
chy was marked using AcqKnowledge III Software. Under
the direction of the therapist, a research coordinator flagged

each instance the youth reported SUDS from 0 to 10 using
AcgKnowledge Software. Throughout each VR level, the
research team monitored participants’ physiological and
subjective responses. Here, we report the beginning, peak
(greatest observed value), and end values of participants’
subjective (SUDS) and physiological (SCR) markers for
each VR exposure.

Monitoring Adverse Events

The Simulator Sickness Questionnaire (SSQ) [35] was
administered to monitor for the presence of any adverse
events from VR exposures. Items on the SSQ include, but
are not limited to, adverse effects such as eye strain, nausea,
and fatigue. The SSQ has been used across VR treatment
studies to monitor adverse effects [25]. The SSQ was col-
lected immediately after the VR exposures were completed,
and then was verbally administered to participants again
prior to the end of the treatment session. The SSQ was also
re-assessed at the post-treatment and follow-up assessments
to check for any sustained adverse effects.

Study Procedures

All study procedures were approved by the local institutional
review board (IRB) and performed in accordance with ethi-
cal standards. After completing consent and assent proce-
dures, an independent evaluator (IE) administered the ADIS-
C/P to youth and parents and completed the CGI-S. After
confirming a primary diagnosis of specific phobia, parents
completed demographic questionnaires. Approximately one
week later, youth and parents completed the single session
of VR exposure therapy with the study therapist.

VR exposures were conducted using an immersive head
mounted display (i.e., HTC Vive), headphones, and the Vir-
tually Better Inc. (VBI) exposure phobia suite (see Table 1
for description of VR exposures and software features). VR
exposure therapy was guided by the one-session treatment
(OST) protocol adapted for VR [36]. First, the therapist
briefly provided psychoeducation about anxiety, exposure
therapy, coping techniques (e.g., cognitive restructuring,
etc.), and the rationale for using VR exposures. Next, an
in vivo exposure treatment hierarchy was developed that
could be completed in VR (see Table 2). Afterwards, youth
received a brief orientation to using the VR headset and
controllers in a neutral baseline (BL) VR environment (e.g.,
outdoor nature setting). This enabled youth to have familiar-
ity with navigating and interacting with the VR environment.
Baseline SUDS and physiological outcomes were collected
to characterize subjective and physiological response to
VR environments in the absence of exposure stimuli. Once
youth were familiar and comfortable with the VR environ-
ment and navigation (e.g., 5 to 7 min on average), the youth

@ Springer



Child Psychiatry & Human Development

Table 1 VBI virtual environments used in exposures

Phobia suite

VR features

Storm environment: indoor home environment with access to out-
door front and backyard areas

Dog environment: indoor environment

Spider environment: indoor environment

o Weather effects (e.g., wind, rain, lightning, thunder, hail, tornado)

e Environmental effects (e.g., sirens, power outage, falling trees)

e Variety of dog breeds (small, medium, and large)

e Range of canine behavior mechanics (e.g., tail wag, jumping, pounce)
o Number and size of arachnids

e Environmental effects (presence/absence of glass terrarium walls)

e Control a range of spider behavior mechanics (e.g., raise front legs, turn)

Table 2 Excerpts from in vivo and VR exposure hierarchies

Participant In vivo hierarchy

VR hierarchy

Participant 1 (Fear of storms)  10: Darkness, loud thunder (unanticipated), heavy rain, 10: Outdoors, severe rain, wind, lightning, power fail-

lightning, loud wind, loud storm noises ure, hail, tornado, walk away from house/approach
tornado

5: Darkness, loud rain, wind, other storm noises and 5: Inside, severe rain, wind, lightning, hail, approach
lightning (no thunder) window

1: Darkness inside/outside, with light
0: Outside in daylight/darkness

Participant 3 (Fear of dogs) 10: Next to large/aggressive dog, dog
is playing/barking, pet/touch dog

rain 1: Inside, clear weather, wind, creaking
0: Inside, clear weather

is off leash, dog  10: Closest distance, Pitbull showing tail wagging and
jumping behavior, virtually touch dog

5: Closer to medium dog, dog is playing/barking 5: Halfway across room, German Shepard with tongue

1: Far away from small dog

out and digging behavior
1: Farthest distance, Chihuahua standing idle with

tongue out
0: No dog 0: Farthest distance across room, no dog
Participant 2 (Fear of spiders) 10: Next to large spiders, no terrarium case, spiders 10: Closest distance, 2 big spiders, not in terrarium,

actively moving, touch spiders
5: Closer to large spider

1: Far away from small spider
0: No spider

virtually touch spiders

5: Halfway across room, 1 small spider in closed ter-
rarium

1: Farthest distance, 1 small spider in closed terrarium

0: Farthest distance across room, no spider

were transitioned to the VR exposure environment. Under
the direction of the therapist, youth began to progress up
the exposure treatment hierarchy in the VR environment.
When youth demonstrated signs of mastery over the current
VR exposure (e.g., approach behaviors, calmer demeanor,
reduced SUDS rating, reductions in physiological arousal),
the therapist progressed onto the next step of the VR expo-
sure treatment hierarchy. Youth continued to complete the
step-wise exposure treatment hierarchy consistent with
clinical care. After completing the VR exposures, partici-
pants removed the VR equipment and completed the SSQ to
identify any adverse effects of VR. The therapist debriefed
with youth and parents following the completion of the VR
exposure protocol. The research team verbally reassessed all
participants for any VR side effects before families left the
clinic. Youth and parents returned to complete post-treat-
ment and 1-month follow-up assessments one week and one
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month after completion of the VR exposure session. At these
visits, the IE completed ratings of the ADIS CSR for specific
phobias, CGI-S, and CGI-I to measure anxiety severity.

Results
Feasibility, Acceptability, and Clinical Benefit

All three youth were able to complete multiple VR expo-
sures within the single treatment session. On average, youth
spent 50 min completing VR exposure activities in the ses-
sion. Participants 1 and 2 were able to complete the full
VR exposure treatment hierarchy that spanned between 13
and 19 exposures (Figs. 2 and 3). Meanwhile, Participant
3 opted to discontinue after five VR exposures due to an
intensive anxiety response from unintentional flooding of
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VR exposure stimuli (see Fig. 4). All youth reported some
mild adverse effects after completing VR exposures (e.g.,
difficulty focusing, dizziness with eyes open, stomach
awareness), and endorsed one moderate adverse effect (e.g.,
fatigue, eye strain, nausea). However, no adverse effects
persisted at the end of the treatment session when the SSQ
was verbally readministered. Furthermore, no adverse effects
were present at the post-treatment or 1-month follow-up
visits.

On the treatment satisfaction questionnaire, youth
(M=4.50, SD=0.5) and parents (M =4.33, SD=0.47)
reported that they were satisfied with the help they and/or
their child had received. VR exposures demonstrated clini-
cal benefit by reducing anxiety severity on the ADIS CSR
across youth, with clinically significant CSR reductions for
two participants (Participants 1 and 2) at post-treatment
and all participants at the 1-month follow-up (see Fig. 1).
While only one participant exhibited a treatment response
on the CGI-I at post-treatment (Participant 2, CGI-1=2), two
participants (Participants 1 and 2, CGI-I=2) were found to
have a treatment response at the 1-month follow-up visit.
Meanwhile, the remaining participant (Participant 3) demon-
strated no meaningful change on the CGI-I at post-treatment
or the 1-month follow-up (both ratings, CGI-1=4).

Subjective and Physiological Responses to VR
Exposures

Subjective and physiological responses captured during VR
exposures are illustrated in Figs. 2, 3, and 4 for the three
participants. As shown in these Figures, VR exposures

w

N

-

Participant 1

elicited changes in subjective and physiological outcomes.
Specifically for subjective outcomes, all youth exhibited
initial elevations in SUDS ratings for VR exposure levels
in comparison to SUDS ratings in a neutral baseline VR
environment (see panel a, Figs. 2, 3, and 4). Meanwhile for
physiological outcomes, there were initial elevations in SCR
in VR exposure treatment hierarchy levels in comparison to
the baseline navigation activities in a neutral VR environ-
ment across participants (see panel b for Figs. 2, 3 and 4).

Within-Exposure and Between-Exposure Changes
in Subjective and Physiological Responses

Within-Exposure Outcomes

Visual inspection of the data, paired with difference score
calculations for each VR level between starting and peak
marker values, allowed for the examination of trajectories
of subjective and physiological responses to each VR expo-
sure. Overall, youth’s starting SUDS ratings for each VR
exposure on the treatment hierarchy tended to increase to
higher peak SUDS values within each VR level (see panel a,
Figs. 2 and 4). However, this pattern of within-VR exposure
change of subjective markers was not consistently observed
for Participant 2 (see panel a, Fig. 3). Focusing on physi-
ological responses, all three youth consistently demonstrated
SCR values that increased from the start to peak data points
within VR exposure levels (see panel b, Figs. 2, 3 and 4).
Taken together, these data represent a trend of increased sub-
jective and physiological arousal in response to VR exposure
stimuli across participants.

6
S
4 I I I
0

Participant 2

Participant 3

M Screen

M Post-Treatment

1-Month Follow-Up

Fig. 1 Anxiety disorder interview schedule (ADIS) clinical severity ratings (CSRs) for participants at screen, post-treatment, and 1-month fol-

low-up
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Fig.2 a Start, peak, and end values of subjective distress (SUDS) for Participant 1 across virtual reality exposure levels. b Start, peak, and end
values of physiological arousal skin conductance markers (uS) for Participant 1 across virtual reality exposure levels

Between-Exposure Outcomes

Visual inspection of the data indicated that only one out of
the three participants consistently demonstrated subjective
habituation between each VR exposure step (see panel a,
Fig. 2). Here, peak SUDS values increased in a stepwise
fashion as Participant 1 completed increasingly difficult
exposure levels on her VR exposure hierarchy. Furthermore,
Participant 1 endorsed reduction in SUDS ratings at the end
of multiple exposure levels. Meanwhile, between-VR expo-
sure habituation of subjective markers was not consistently
observed for Participants 2 and 3 (see panel a, Figs. 3 and
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4). Peak SUDS ratings for each VR exposure on the treat-
ment hierarchy increased to higher SUDS values as they
progressed. However, both Participant 2 and Participant 3,
after completing their initial VR exposure levels, demon-
strated the tendency to report consistently elevated SUDS
ratings across each new VR exposure level. Between-VR
exposure habituation of physiological markers was observed
in Participants 1 and 2 (see panel b, Figs. 2 and 3). Across
VR exposures within the single session of treatment, these
two participants demonstrated consistent decrements in
physiological arousal, as captured by reductions in SCR
values. This pattern was not observed in Participant 3’s
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Fig.3 a Start, peak, and end values of subjective distress (SUDS) for Participant 2 across virtual reality exposure levels. b Start, peak, and end
values of physiological arousal skin conductance markers (uS) for Participant 2 across virtual reality exposure levels

physiological markers across her VR exposure levels (see
panel b, Fig. 4). Between-VR exposure habituation of physi-
ological markers was observed among participants who
exhibited treatment response at follow-up on the CGI-I.

Discussion

In this case series, our findings provide preliminary support
that VR exposures are feasible, acceptable, and demonstrate
initial evidence of the potential therapeutic effects for for

youth with anxiety. Indeed, albeit on a smaller scale, the pos-
itive treatment effect of VR exposures parallels the findings
and clinical trajectory of symptom improvement observed in
other OST protocols for childhood anxiety [37-39]. Moreo-
ver, VR exposures elicited similar subjective and physiologi-
cal responses that parallel in vivo exposures. Collectively,
this suggests that VR exposures show therapeutic potential
for the treatment of childhood anxiety disorders, and over-
come many of the traditional barriers confronting in vivo
exposures (e.g., access and availability of exposure stimuli).
Relative to previously published research, our case series is
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Fig.4 a Start, peak, and end values of subjective distress (SUDS) for Participant 3 across virtual reality exposure levels. b Start, peak, and end
values of physiological arousal skin conductance markers (uS) for Participant 3 across virtual reality exposure levels

one of the first investigations to evaluate both subjective and
physiological markers elicited by immersive VR exposures
for youth. However, careful consideration is needed in order
to determine the best path forward for optimizing the use of
VR exposures in clinical care. Our initial findings offer a
number of lessons learned about potential therapeutic effects
of VR exposures.

First, VR exposures elicited changes in physiological and
subjective distress, which is consistent with in vivo expo-
sures. Specifically, youth’s subjective distress ratings and
physiological arousal responses increased when complet-
ing VR exposures in the treatment hierarchy in comparison
to responses observed during navigation activities in the
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neutral baseline VR environment. Complementing previ-
ous investigations of VR exposures in youth [23], this find-
ing suggests that reported distress and physiological arousal
recorded in the present study are not solely attributable to
the novelty of the VR environment, but rather to the VR
exposures themselves.

Second, the pattern of greater subjective and physiologi-
cal responses within each VR exposure level suggests that
virtual exposures have the capacity to engage treatment
targets in the same manner as in vivo exposures. In the
present study, participants responded to the phobic stimuli
within VR exposures with increased subjective distress rat-
ings and higher levels of physiological arousal. This can be
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interpreted as the participants responding to VR versions of
feared stimuli as “real” threats, suggesting that the VR expo-
sures serve the same function as their in vivo exposure coun-
terparts. It is important to acknowledge that exposures with
virtual phobic stimuli (e.g., a VR spider) may not elicit the
same magnitude of subjective and physiological responses
as real-world versions of phobic stimuli (e.g., a live spider)
in in vivo exposures [40]. However, our findings suggest
that VR phobic stimuli may be sufficient to engage treat-
ment targets typically used in the standard clinical practice
of classic in vivo exposures.

Third, we observed in our sample that in most cases there
is a stepwise progression of increasing subjective and physi-
ological responses to VR exposure stimuli over increasingly
challenging VR hierarchy levels. The stepwise increases in
subjective distress observed in our study parallel changes
in SUDS across increasingly challenging in vivo exposures
[41]. This suggests that the clinician’s exposure treatment
hierarchies translated well to VR—with the exception of
Participant 3. Participant 3’s study experience underscores
the inherent challenges with implementing exposures in
clinical practice—whether in in vivo or in VR. Treatment
hierarches can be difficult for therapists to develop, and the
insight of the patient/participant can play a critical factor
in their genesis. Thus, Participant 3’s insight into hierarchy
development may have been an influential factor in her VR
exposure experience (i.e., heightened subjective distress,
early discontinuation from VR exposures). However, despite
her premature discontinuation, Participant 3’s treatment
hierarchy was effectual for the few initial VR exposures that
she did complete.

Collectively, our work illustrates that subjective and
physiological responses to VR exposures largely parallel
those of in vivo exposures. Habituation has been posited as
one mechanism of reduction of anxiety severity for in vivo
exposures. In the present study, we evaluated habituation
by examining changes in start, peak, and end values in sub-
jective and physiological markers within and across VR
exposures [42]. When evaluating subjective and physiologi-
cal outcomes of VR exposures, physiological measures of
habituation may be a more promising measure for youth with
anxiety, as it was descriptively associated with treatment
response over time. While habituation is important, it is
also pertinent to consider that other theoretical perspectives
suggest that habituation on subjective and/or physiological
outcomes is not necessary for an exposure to be “success-
ful” [43]. Thus, it will be vital to conduct further research
to determine the precise mechanisms that correspond with
clinical outcomes to VR exposure treatments for youth with
anxiety.

Looking to the future, it will be important to consider
whom may optimally benefit from VR exposures. Spe-
cifically, VR exposure treatments may not be ideal for all

youth. One youth (Participant 3) demonstrated a strong
anxiety response after experiencing difficulty following
instructions in VR, which ultimately resulted in her unin-
tentional flooding during the virtual exposure activities
and her choice to discontinue the VR exposures session.
While this experience is consistent with standard clinical
practice (i.e., some children and adolescents have difficulty
with completing some in vivo and imaginal exposures), it
highlights the need for investigations that characterize youth
with anxiety disorders whom might optimally benefit from
VR exposures [44]. Patients with in vivo hierarchies that
translate well into VR exposure hierarchies (e.g., approach-
ing simulated phobic stimuli) would likely do well with VR
exposures. While all three participants’ in vivo hierarchies
translated into virtual reality in the present study, only two
of the three participants demonstrated a clinically significant
improvement in phobia severity at 1-month follow-up. Addi-
tionally, clinical researchers should consider dosage of VR
exposures, as some patients may benefit more from several
sessions of graded, progressive VR exposures over time to
achieve maximal clinical benefit and minimize the risk of
unintentional flooding. In sum, this case series highlights the
potential of VR to increase accessibility and availability of
exposure stimuli for CBT.

Despite the significance of these preliminary findings,
it is important to acknowledge some of the limitations.
Notably, the present study was completed with a very mod-
est sample size of three participants. Future investigations
should aim to replicate findings in trials with larger sam-
ples of youth with anxiety, with treatment control groups,
in order to precisely determine the therapeutic effects of VR
exposures. Second, the VR software utilized in the investiga-
tion had a limited number of virtual exposure suite options.
Consequently, we were only able to enroll and deliver VR
exposures to participants that met criteria for particular spe-
cific phobias (e.g., phobia targets that are addressed in the
VBI suite). Further investigation is needed to test whether
virtual exposures are beneficial for other diagnoses (e.g.,
obsessive-compulsive disorder, social anxiety disorder, sepa-
ration anxiety disorder) in youth, as a growing number of
virtual exposure environments become available across dif-
ferent software suites (e.g., C2care, In Virtuo).

Conclusions and Future Directions

Collectively, these findings demonstrate preliminary evi-
dence that VR exposures are feasible, acceptable, and ben-
eficial for treating youth with anxiety. VR exposures hold
promise to address accessibility and availability barriers of
traditional in vivo exposures. Although promising, further
development and refinement is needed to optimize param-
eters for using VR in the treatment of childhood anxiety
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disorders. While this report focused on VR exposures within
the clinician’s office, this line of work also holds promise
to increase exposure access outside of the therapist office
(i.e., exposure homework outside of the clinic), as a grow-
ing number of individuals gain access to VR equipment and
software at home. Future research is needed to further char-
acterize the potential and identify the limitations of existing
VR applications within the clinician’s workspace.

Summary

Exposure-based CBT has demonstrated efficacy and is rec-
ommended as a front-line treatment for childhood anxiety.
Unfortunately, challenges exist that impact the effective
implementation of exposure-based CBT in clinical practice.
One of the primary challenges is the accessibility and avail-
ability of exposure stimuli (e.g., spiders, storms, heights) in
CBT sessions. Immersive VR has shown promise as a scal-
able and sustainable solution to address this clinical need,
but remains largely untested in youth with anxiety disorders.
The main objective of this study was to investigate: (1) the
feasibility and clinical benefit of VR exposures for youth
with anxiety disorders; (2) whether VR exposures elicit
changes in physiological arousal and/or subjective distress;
and (3) whether habituation serves as a mechanism across
physiological and subjective outcomes for VR exposures.
Three youth and their parents completed a clinical evalu-
ation, which was followed by a OST with VR exposures.
Afterward, youth and parents completed clinical assessments
one-week and 1-month after treatment. Youth were almost
12 years of age on average (M = 11.70, SD = 2.09). All
were White, and non-Hispanic/Latino ethnicity. Participants
met diagnostic criteria for a primary diagnosis of a specific
phobia based on the ADIS. Immersive VR exposures were
found to be feasible. All youth reported some mild adverse
effects after completing VR exposures (e.g., difficulty
focusing, dizziness with eyes open, stomach awareness),
and endorsed one moderate adverse effect (e.g., fatigue, eye
strain, nausea). However, no adverse effects persisted at the
end of the treatment session when the SSQ was verbally
readministered. Furthermore, no adverse effects were pre-
sent at the post-treatment or 1-month follow-up visits. On
the treatment satisfaction questionnaire, youth (M = 4.50,
SD = 0.5) and parents (M = 4.33, SD = 0.47) reported that
they were satisfied with the help they and/or their child had
received. VR exposures demonstrated clinical benefit by
reducing anxiety severity on the ADIS CSR across youth,
with clinically significant CSR reductions for two partici-
pants (Participants 1 and 2) at post-treatment and all partici-
pants at the 1-month follow-up (see Fig. 1). While only one
participant exhibited a treatment response on the CGI-I at
post-treatment (Participant 2, CGI-I = 2), two participants

@ Springer

(Participants 1 and 2, CGI-I =2) were found to have a treat-
ment response at the 1-month follow-up visit. Meanwhile,
the remaining participant (Participant 3) demonstrated no
meaningful change on the CGI-I at post-treatment or the
1-month follow-up (both ratings, CGI-I = 4). Additionally,
VR exposures elicited changes in both physiological and
subjective outcomes. Finally, physiological habituation to
VR exposures was observed among participants who exhib-
ited treatment response at follow-up. Collectively, these find-
ings demonstrate preliminary evidence that VR exposures
are feasible, tolerable, and show some therapeutic benefit
for treating youth with anxiety. Future research is needed to
further characterize the potential and identify the limitations
of existing VR applications within the clinician’s workspace.
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