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Virtual reality (VR) technology offers new opportunities for the development of innovative clinical research, assessment, and
intervention tools. VR-based testing, training, teaching, and treatment approaches that would be difficult, if not impossible, to
deliver with traditional methods are now being developed that take advantage of the assets that are available with VR
technology. As research evidence continues to indicate clinical efficacy, VR applications are being increasingly regarded as
providing innovative options for targeting the cognitive, psychological, motor, and functional impairments that result from
various clinical health conditions. VR allows for the precise presentation and control of stimuli in dynamic, multisensory, 3D
computer-generated simulations as well as providing advancedmethods for capturing and quantifying behavioral responses.
These characteristics support the rationale for the use of VR applications in clinical assessment, intervention, and training. This
article beginswith a brief reviewof the history of and rationale for the use of VRwith clinical populations. It then details one use
case for the clinical application of VR—the exposure-therapy treatment of anxiety disorders and posttraumatic stress disorder.
Although significant work is cited in other areas of clinical VR (e.g., pain management, cognitive and physical assessment and
rehabilitation, eating disorders, social skills, and clinical training), a full overview of such a broad literature is beyond the scope
of this article. Thus, the authors have opted to provide more in-depth analysis of one specific clinical area that clearly
illustrates how VR has been successfully applied and is supported by an encouraging and evolving scientific literature.
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Virtual reality (VR) technology has undergone a transition
in the last 20 years that has taken it from the realm of “ex-
pensive toy” into that of functional technology. These ad-
vances stand to offer new opportunities for clinical research,
assessment, and intervention in the field of psychiatry. Since
the mid-1990s, clinicians and researchers have developed
VR-based testing, training, teaching, and treatment ap-
proaches that would be difficult, if not impossible, to deliver
with traditional methods.

During this time, a large (but still maturing) scientific
literature has evolved regarding the outcomes and effects
from the use of what we now refer to as clinical VR. Such VR
simulation systems have targeted the assessment and treat-
ment of cognitive, psychological, motor, and functional im-
pairments across a wide range of clinical health conditions.
Moreover, continuing advances in the underlying enabling
technologies for creating and delivering VR applications
have resulted in its widespread availability as a consumer
product, sometimes at a very low cost.

This article provides an introductory definition of the
technology, charts its historical development generally and
as a clinical tool, provides a detailed use case for VR in the
treatment of anxiety disorders and posttraumatic stress
disorder (PTSD), and discusses the issues for its use in
psychiatry. We do not review the growing literature across
all the areas of clinical implementation but instead cite the
major papers that review that work. Our intention is to

provide a roadmap for those interested in learningmore about
this emerging and potentially transformative technology.

WHAT IS VR?

The concept and definition of VR have been subject to de-
bate by scientists and clinicians over the years. VR has been
very generally defined as a way for humans to visualize,
manipulate, and interact with computers and extremely
complex data (1). From this baseline perspective, VR can be
seen as an advanced form of human-computer interaction
(2) that allows a user to more naturally interact with com-
puters beyond what is typically afforded by standard mouse-
and-keyboard interface devices. Moreover, some VR formats
enable users to become immersed in synthetic computer-
generated virtual environments.

However, VR is not defined or limited by any one tech-
nological approach or hardware set-up. An engaged VR user
experience can be created through combinations of a wide
variety of interaction devices, sensory display systems, and
content presented in the virtual environment. Thus, there
are three common variations for how VR can be created and
used.

Nonimmersive VR is the most basic format and is similar
to the experience of playing a modern computer or console
video game. Content is delivered on a standard flat-screen
computer monitor or TV, with no occlusion of the outside
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world. Users interact with 3D computer graphics variously
using a game pad, joystick, basic mouse and keyboard, or
specialized interface devices (e.g., treadmills, data gloves,
and even handheld devices—e.g., the Nintendo Wii remote).
Modern computer games that support user interaction and
navigation within such 3D worlds, even though presented
on a flat-screen display, can be technically referred to as VR
environments.

Immersive VR can be produced by the integration of
computers, head-mounted displays (HMDs), body-tracking
sensors, specialized interface devices, and 3D graphics.
These set-ups allow users to operate within a computer-
generated simulated world that changes in a natural or in-
tuitive way on the basis of a user’s motion and interaction.
AnHMD occludes the user’s view of the outside world while
using head- and body-tracking technology to sense the user’s
position and movement. It simultaneously sends that in-
formation to a computing system, which then uses those
data to update the sensory stimuli presented to the user.
The contingent tracking of user activity and nearly real-time
updating of the 3D content is said to create an immersive
virtual experience. This serves to create the illusion of being
immersed in a virtual space, in which users can interact.
When users are immersed in computer-generated visual
imagery and sounds of a simulated virtual scene, their in-
teraction produces an experience that corresponds to what
they would see and hear if the scene were real.

Another, less-common method for producing immersive
VR experiences uses stereoscopic projection screens arrayed
around a user in various configurations. In one approach,
six-walled projection rooms known as cave automatic virtual
environments (3, 4) allow for interaction in a less-encumbered,
wide-field-of-view simulated environment for multiple con-
current users. However, such systems are more costly and
complex and are typically beyond the practical resources of
most clinical service providers and basic researchers.

Regardless of the technical approach, the key aim of these
immersive systems is to perceptually replace the outside
world with the virtual world to psychologically engage users
with simulated digital content designed to create a specific
user experience. Immersive VR (most commonly delivered
in anHMD) is typically the choice for applications for which
a controlled stimulus environment is desirable for con-
straining a user’s perceptual experience within a specific
synthetic world. This format has been often used in clinical
VR applications for anxiety disorder exposure therapy, as
analgesic distraction for patients undergoing acutely painful
medical procedures, and in the cognitive assessment of users
to measure performance under a range of systematically
delivered challenges and distractions.

A BRIEF HISTORY OF CLINICAL VR

VR has recently captured the public’s imagination as the
next big thing in media. However, the technology for cre-
ating VR experiences and VR’s clinical use has existed for at

least two decades. During the 1990s, the growing avail-
ability and rapid evolution of personal computing drove the
global adoption of innovative digital technologies for the
purposes of productivity enhancement, communication,
and social interaction. At the same time, the advances in
modern computing power required to automate processes
and to store and analyze vast quantities of data did not go
unnoticed by clinical researchers and providers, who
imagined and prototyped novel behavioral health-care ap-
plications. Primordial efforts from this period can be seen
in developments that aimed to use personal computers to
enhance productivity in patient documentation and record
keeping, automate the administration and scoring of psy-
chometric tests, and allow for computer delivery of cog-
nitive training and rehabilitation activities (5). As well, with
the rapid improvements in Internet connectivity seen
during the 1990s, researchers and clinicians explored the
idea of enhancing access to care through Internet-based
teletherapy (6–9) and self-help cognitive-behavioral pro-
grams (10, 11).

Since that time, the impact of computer and information
technology on society has grown dramatically. This can be
seen in the current adoption of and growing demand for
mobile devices, high-speed network access, smart televi-
sions, social media sites, photorealistic digital games, wear-
able behavioral-sensing devices, and now the “second
coming of VR.” Such consumer-driven technologies, al-
though thought of as visionary just ten years ago, have now
become increasingly common and essential fixtures in the
digital landscape of modern society.

The idea of using VR for clinical purposes was first rec-
ognized in the early- to mid-1990s with initial efforts to
design VR simulations to deliver exposure therapy for spe-
cific phobias (e.g., fear of heights, flying, spiders, and public
speaking) (12, 13) and for cognitive assessment and re-
habilitation (14–17). The compelling feature that drove this
innovation was the idea that VR could leverage computing
beyond its cardinal purpose—the automation of proc-
esses—to instead use computers to produce and deliver
sensory stimuli for the creation of embodied, interactive, and
immersive user experiences. This was recognized early in
the visionary article “The Experience Society” by VR pio-
neer Myron Krueger (18), in his prophetic statement that
“Virtual Reality arrives at a moment when computer tech-
nology in general is moving from automating the paradigms
of the past, to creating new ones for the future” (p. 163).
Viewed from this perspective, VR affords the opportunity to
create highly realistic, interactive, and systematically con-
trollable stimulus environments that users can be immersed
in and interact with for human performance measurement
and training as well as for clinical assessment and in-
tervention. Clinicians and scientists who were drawn to the
idea of VR during this time were often guided by the belief
that its core features and assets could support the develop-
ment of innovative clinical approaches that were not possi-
ble with existing traditional methodologies.
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The added value for such VR systems can be seen in the
technology’s capacity to create systematic human testing,
training, teaching, and treatment environments that allow
for the precise control of complex, multisensory, dynamic 3D
stimulus presentations. Within such simulations, sophisti-
cated behavioral interaction is possible, and researchers can
precisely track, record, and analyze such physical activity to
study human performance and behavior. Much like an air-
craft simulator serves to test and train piloting ability under a
wide variety of controlled conditions, VR can be used to
create relevant simulated environments in which the as-
sessment and treatment of cognitive, emotional, and senso-
rimotor processes can take place under stimulus conditions
that are not easily deliverable and controllable in the phys-
ical world.

When combining VR’s stimulus control features with the
ability to immerse users in functional and ecologically rel-
evant virtual environments, early clinical VR scientists
envisioned a fundamental advancement in how human as-
sessment and intervention could be addressed. One could
conjecture that this “ultimate Skinner box” perspective was
what human experimental researchers and clinicians had
always strived for, but they were limited by the constraints
imposed by the laws of physics that govern physical reality.
This “vision” drove the enthusiasm and innovative efforts
seen in the fledgling area of clinical VR in the 1990s.

Unfortunately, many technical challenges needed to be
overcome before this vision of clinical VR could be achieved.
When discussion of the potential use of VR for human re-
search and clinical intervention first emerged in the 1990s,
the technology needed to deliver on this vision was not
sufficiently mature. Consequently, during these early years,
VR suffered from a somewhat imbalanced “expectation-to-
delivery” ratio, as most who explored VR systems during
that time will attest. Computers were too slow; 3D graphics
were primitive; and user-interface devices were awkward,
requiring more effort than users were willing to expend to
learn how to operate them effectively. Moreover, VR HMDs
were costly and bulky, and they had limited tracking speed,
resolution, and field of view. As a consequence, VR com-
menced its “nuclear winter” period in 1995, as the public
became disenchanted with the quality of a typical VR ex-
perience and generally viewed it as a failed technology. Thus,
VR languished formany years inwhat the Gartner Group has
termed “the trough of disillusionment,” the stage in tech-
nology adoption that often follows the “peak of inflated ex-
pectations” period, as described in their regularly updated
“Hype Cycle for Emerging Technologies” (19).

Regardless of these technical challenges, the core vision
of clinical VR was sound, and VR “enthusiasts” continued to
pursue the research and development needed to advance the
technology and document its added clinical value. Over the
last 23 years, the technology for creating VR systems grad-
ually caught up with the vision of creating compelling, us-
able, and effective clinical VR applications. This has been
possible in large part because of the gradual but continuous

advances in the underlying VR-enabling technologies and
methods (e.g., computational speed, computer graphics,
panoramic and spherical video, audio-visual-haptic displays,
3D-user interfaces, tracking sensors, speech and language
processing, artificial intelligence, virtual human agents,
authoring software).

Such advances have resulted in the technical capability
needed to support the creation of low-cost yet sophisticated
immersive and interactive VR systems capable of running on
commodity-level computing devices. In part driven by the
digital gaming and entertainment sectors, as well as by a
nearly insatiable global demand for mobile and interactive
networked consumer products, these advances in techno-
logical “prowess” and accessibility have provided the hard-
ware and software platforms needed to produce more
adaptable and high-fidelity clinical VR scenarios. This has
created a state of affairs in which clinical VR applications can
now usefully leverage the interactive and immersive assets
that VR affords as the technology continues to get faster, better,
and cheaper moving forward into the 21st century.

Moreover, since the 1990s, a significant scientific litera-
ture has evolved, almost under the radar, reporting many
positive outcomes across a range of clinical applications that
have leveraged the assets provided by VR (20–32). A short
list of the areas in which clinical VR has been usefully ap-
plied includes fear reduction among persons with specific
phobias (26, 33–35); treatment for PTSD, depression, and
paranoid delusions (20, 27, 30, 36–46); addiction treatment
(47); discomfort reduction among cancer patients un-
dergoing chemotherapy (48, 49); acute pain reduction dur-
ing wound care and physical therapy with burn patients (23)
and in other painful procedures (50–53); improvement of
body image disturbances among patients with eating disor-
ders (54); navigation and spatial training for children and
adults with motor impairments (55–57); functional skill
training and motor rehabilitation for patients with central
nervous system dysfunction (e.g., stroke, traumatic brain in-
jury, spinal cord injury, cerebral palsy, multiple sclerosis) (24,
58–63); and the assessment and rehabilitation of attention,
memory, spatial skills, and other cognitive functions in both
clinical and unimpaired populations (14, 16, 17, 31, 64–71).

For these varied purposes, clinical VR scientists have
constructed virtual airplanes; skyscrapers; spiders; battle-
fields; social settings; beaches; fantasy worlds; and the
mundane (but highly relevant) functional environments of
the schoolroom, office, home, street, and supermarket. In
essence, clinicians can apply VR environments mimick-
ing real or imagined worlds to engage users in simulations
that support the aims and mechanics of a specific clinical
assessment or therapeutic approach. As a result, there is a
growing consensus that VR has now emerged as a prom-
ising tool in many domains of research (72, 73) and clinical
care (29, 41, 61, 74, 75).

What makes clinical VR so distinctively innovative is
that it represents more than a simple linear extension of
existing computer technology for human use. Because of
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VR’s capacity to immerse a user in an interactive computer-
generated simulation, new possibilities exist that can go
beyond the simple automation of previous clinical assess-
ment and intervention approaches. Nevertheless, in de-
ciding whether VR is ready for clinical use, one needs to
consider what features VR offers that may make it especially
suited for addressing the requirements of clinical and re-
search usage (cf. 29).

On a very general level, VR can be seen to foster core
processes that are relevant across a variety of clinical do-
mains. These processes can be briefly summarized as expose
(e.g., exposure therapy for anxiety disorders, PTSD, or ad-
diction treatment), distract (e.g., distract attention away
from painful medical procedures to reduce pain perception
or promote discomfort reduction),motivate (e.g., motivating
patients in cognitive or physical rehabilitation to perform
repetitive and sometimes boring tasks by embedding those
tasks in gamelike contexts), measure (e.g., measuring per-
formance on physical and cognitive assessment activities),
and engage (e.g., generally seen as captivating attention or
action, which is useful for engaging participation with clin-
ical applications).

Most clinical VR applications leverage two or more of
these core processes. To illustrate this in the context of VR
applications relevant in psychiatry, we detail a use case di-
rectly relevant to psychiatry—exposure therapy for anxiety
disorders and PTSD. For readers interested in other areas of
clinical VR usage, the literature cited in the introduction
should provide a current road map for exploring a wider
range of clinical applications in more detail than possible in
this more focused article.

EXAMPLE USE CASE: VR EXPOSURE THERAPY FOR
ANXIETY DISORDERS AND PTSD

VR Exposure Therapy for Anxiety Disorders
The use of VR to address psychiatric conditions began in the
mid-1990s with its use as a tool to deliver prolonged expo-
sure (PE) therapy targeting anxiety disorders, primarily for
specific phobias (e.g., heights, flying, spiders, enclosed
spaces). PE is a form of individual psychotherapy based on
Foa and Kozak’s (76) emotional processing theory, which
posits that phobic disorders and PTSD involve patho-
logical fear structures that are activated when information
represented in the structures is encountered. Emotional
processing theory purports that fear memories include in-
formation about stimuli, responses, and meaning (76, 77).
These fear structures are composed of harmless stimuli that
have been associated with danger and are reflected in the
belief that the world is a dangerous place. This belief then
manifests itself in cognitive and behavioral avoidance strat-
egies that limit exposure to potentially corrective in-
formation that could be incorporated into and alter the fear
structure. Because escape from and avoidance of feared
situations are intrinsically rewarding (albeit temporarily),
phobic disorders can perpetuate without treatment.

Consequently, several theorists have proposed that con-
ditioning processes are involved in the etiology and mainte-
nance of anxiety disorders. These theorists invoke Mowrer’s
(78) two-factor theory, which posits that both Pavlovian and
instrumental conditioning are involved in the acquisition of
fear and avoidance behavior. Successful treatment requires
emotional processing of the fear structures to modify their
pathological elements so that the stimuli no longer invoke fear,
and any method capable of activating the fear structure and
modifying it is predicted to improve symptoms of anxiety.

Imaginal PE entails engaging mentally with the fear
structure through repeatedly revisiting the feared or trau-
matic event in a safe environment. The proposed mech-
anisms for symptom reduction involve activation and
emotional processing, extinction or habituation of the anx-
iety, cognitive reprocessing of pathogenic meanings, the
learning of new responses to previously feared stimuli, and
ultimately an integration of corrective nonpathological in-
formation into the fear structure (79, 80). Thus, VRwas seen
early on to be a potential tool for the treatment of anxiety
disorders; if an individual can become immersed in a feared
virtual environment, activation and modification of the fear
structure are possible. From this, the use of VR to deliver PE
was the first psychological treatment area to gain traction
clinically. This was perhaps in part due to the intuitivematch
between what the technology could deliver and the theo-
retical requirement of PE to systematically expose users to
and engage them in progressively more challenging stimuli
needed to activate the fear structure.

Moreover, even during the early days of VR, this goal was
not so technically challenging to achieve. VR scenarios could
be created that required little complex user interaction.
Treatment involved simple navigation within a simulation
that presented users with scenarios that represented key
elements of the targeted fear structure, which could bemade
progressively more provocative (views from tall buildings,
aircraft interiors, spiders in kitchens, etc.). Even with the
limited graphic realism available at the time, patients with
phobias were observed to be primed to suspend disbelief and
react emotionally to virtual content that represented what
they feared. In general, the phenomenon that patients could
become psychologically immersed in VR provided a poten-
tially powerful tool for activating relevant fears in the PE
treatment of specific phobias in the service of therapeutic
exposure.

Research Findings Using VR Exposure to Treat
Anxiety Disorders
From this starting point, a body of literature evolved that
suggested that the use of VR exposure therapy (VRET) was
effective. Case studies in the 1990s initially documented the
successful use of VR in the treatment of fear of flying (81, 82),
claustrophobia (83), acrophobia (13), and spider phobia (84).
For example, in an early wait-list controlled study, VRET
was used to treat the fear of heights; patients were exposed
to virtual footbridges, virtual balconies, and a virtual elevator
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(13). Patients were encouraged to spend as much time in
each situation as needed for their anxiety to decrease and
were allowed to progress at their own pace. The therapist
was able to view on a computermonitor what the participant
was being exposed to in the virtual environment and
therefore was able to comment appropriately.

Results showed that anxiety, avoidance, and distress de-
creased significantly from pre- to posttreatment for the
VRET group but not for the wait-list control group. Exam-
ination of attitude ratings on a semantic differential scale
revealed positive attitudes toward heights for the VRET
group and negative attitudes toward heights for the wait-list
group. The average anxiety ratings decreased steadily across
sessions, which indicates habituation for those participants
in treatment. Furthermore, seven of the ten VRET treatment
completers exposed themselves to height situations in real
life during treatment, although they were not specifically
instructed to do. These exposures seemed to be meaningful,
including riding 72 floors in a glass elevator and intentionally
parking at the edge of the top floor of a parking deck.

Rothbaum et. al. (85) then compared VRET with both an
in vivo PE therapy condition and a wait-list control in the
treatment of the fear of flying. Treatment consisted of eight
individual therapy sessions conducted over six weeks, with
four sessions of anxiety-management training followed ei-
ther by exposure to a virtual airplane (VRET) or exposure to
an actual airplane at the airport (PE). For participants in the
VRE group, exposure in the virtual airplane included sitting
in the virtual airplane, taxiing, taking off, landing, and flying
in both calm and turbulent weather, according to a treatment
manual (82). For PE sessions, in vivo exposure was con-
ducted at the airport during sessions 5–8.

Immediately after the treatment or wait-list period, all
patients were asked to participate in a behavioral avoidance
test consisting of a commercial round-trip flight. The results
indicated that each active treatment was superior to the wait-
list control and that there were no differences between VRET
and in vivo PE. For wait-list participants, there were no dif-
ferences between pre- and posttreatment self-reportmeasures
of anxiety and avoidance, and only one of the 15 wait-list
participants completed the graduation flight. In contrast,
participants receiving VRET or in vivo PE showed substantial
improvement, as measured by self-report questionnaires,
willingness to participate in the graduation flight, self-report
levels of anxiety on the flight, and self-ratings of improvement.
There were no differences between the two treatments on any
measures of improvement. Comparison of posttreatment with
the six-month follow-up data for the primary outcome mea-
sures for the two treatment groups indicated no significant
differences, which indicates that treated participants main-
tained their treatment gains. By the six-month follow-up, 93%
of treated participants had flown since completing treatment.

Since that time, an evolved body of literature of con-
trolled studies has emerged, and the efficacy of VRET has
been documented in multiple independent meta-analyses
and reviews of the literature (26, 33–35). These reviews

concur with the finding that VR is an efficacious approach
for delivering PE, that it outperforms imaginal PE, and that it
is as effective as in vivo exposure (which is not always a
feasible approach for treating anxiety disorders).

VRET for the Treatment of PTSD
In the late 1990s, researchers began to test the use of VRET
for the treatment of PTSD by immersing users in simulations
of trauma-relevant environments in which the emotional
intensity of the scenes could be precisely controlled by the
clinician in collaboration with the patients’ wishes. Tradi-
tional PE typically involves the graded and repeated imagi-
nal reliving of the traumatic event in the safety of the
therapeutic setting. However, although the efficacy of ima-
ginal exposure has been established in multiple studies with
diverse trauma populations (45, 86, 87), many patients are
unwilling or unable to effectively visualize the traumatic
event. This is a crucial concern, because avoidance of cues
and reminders of the trauma is one of the cardinal symptoms
of the DSM-5 (88) diagnosis of PTSD. In fact, research on
this aspect of PTSD treatment suggests that the inability to
emotionally engage (in imagination) is a predictor for neg-
ative treatment outcomes (89).

Thus, VRET offers a way to circumvent the natural
avoidance tendency by directly delivering multisensory and
context-relevant cues that aid in the confrontation and
processing of traumatic memories without demanding that
the patient actively try to access his or her experience
through effortful memory retrieval. Similar to PE for specific
phobias, this approach is believed to provide a low-threat
context in which the patient can begin to therapeutically
process the emotions that are relevant to the traumatic event
as well as decondition the learning cycle of the disorder
through an extinction learning process. The rationale for
this approachwas bolstered after the start of thewars in Iraq
and Afghanistan with series of Institute of Medicine com-
mittee reports (90–92) indicating that cognitive-behavior
therapy with trauma-focused exposure has the highest level
of research evidence in support of its therapeutic efficacy.

The first effort to apply VRET for PTSD began in 1997,
when researchers at Georgia Tech and Emory University
began testing the Virtual Vietnam VR scenario with Vietnam
veterans (44). This occurred more than 20 years after the
end of the Vietnam War. During those intervening years, in
spite of valiant efforts to develop and apply traditional psy-
chotherapeutic and pharmacological treatment approaches
to PTSD, the progression of the disorder for some veterans
significantly affected their psychological well-being, func-
tional abilities, and quality of life, as well as that of their
families and friends. This initial effort yielded encouraging
results in a case study of a 50-year-old male Vietnam veteran
whometDSM-IV-R criteria for PTSD (93). Results indicated
posttreatment improvement on all measures of PTSD and
maintenance of these gains at a six-month follow-up, with a
34% decrease in clinician-rated symptoms of PTSD and a
45% decrease in self-reported symptoms of PTSD.
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This case studywas followed by an open clinical trial with
Vietnam veterans (44). In this study, 16 male veterans with
PTSD were exposed to two HMD-delivered virtual envi-
ronments (a virtual clearing surrounded by jungle scenery,
and a virtual Huey helicopter), in which the therapist con-
trolled various visual and auditory effects (e.g., rockets, ex-
plosions, whether it was day or night, and shouting). After an
average of 13 exposure-therapy sessions over five to seven
weeks, there was a significant reduction in PTSD and related
symptoms. (For more information, see the nine-minute
Virtual Vietnam documentary video at http://www.youtube.
com/watch?v=C_2ZkvAMih8.)

Similar positive results were reported by Difede and
Hoffman (37) for PTSD that resulted from the attack on the
World Trade Center, in a case study using VRET with a
patient who had failed to improve with traditional imaginal
exposure therapy. This group later reported positive results
from a wait-list controlled study using the same World
Trade Center VR application (38). The VR group demon-
strated statistically and clinically significant decreases on the
“gold standard” Clinician Administered PTSD Scale (CAPS)
relative both to pretreatment and to the wait-list control
group, with a between-groups posttreatment effect size of
1.54. Seven of ten people in the VR group no longer carried
the diagnosis of PTSD, whereas all of the wait-list controls
retained the diagnosis after the waiting period. Treatment
gains were maintained at six-month follow-up. Also note-
worthy was the finding that five of the ten VR patients had
previously participated in imaginal exposure treatment with
no clinical benefit. Such initial results are encouraging and
suggest that VR may be a useful component of a compre-
hensive treatment approach for persons with combat- or
terrorist-attack-related PTSD. (For more information, see
the virtual World Trade Center video at http://www.you-
tube.com/watch?v=XAR9QDwBILc.)

BRAVEMIND Virtual Iraq-Afghanistan
Exposure-Therapy System for PTSD
With this history in mind, the University of Southern Cal-
ifornia’s Institute for Creative Technologies (ICT) created
an immersive VRET system for combat-related PTSD fo-
cused on veterans of Operation Enduring Freedom (OEF)
and Operation Iraqi Freedom (OIF). The treatment envi-
ronment was initially based on recycling virtual assets that
were built for the commercially successful X-Box game and
the tactical-training simulation scenario Full Spectrum
Warrior. Over the years, other existing and newly created
assets developed at the ICT have been integrated into this
continually evolving application. The BRAVEMIND virtual
Iraq-Afghanistan application now consists of a series of
14 virtual scenarios designed to resemble the general con-
texts that most service members experience during an OEF-
OIF deployment, including Middle-Eastern-themed city,
village, and roadway environments (see Figure 1).

For example, the Iraq and Afghanistan city settings have
a variety of elements, including a marketplace, desolate

streets, checkpoints, ramshackle buildings, warehouses,
mosques, shops, and dirt lots strewn with junk. Access to
building interiors and rooftops is available, and the backdrop
surrounding the navigable exposure zones creates the illu-
sion of being embedded in a section of a sprawling, densely
populated mountainous or desert city. The user can also be
positioned inside of a Humvee or mine-resistant ambush-
protected vehicle, which supports the perception of travel in
a convoy or as a lone vehicle. These scenarios have selectable
positions as a driver, as a passenger, or in the more exposed
turret position above the roof of the vehicle. The number of
soldiers in the cab can also be varied, as well as their capacity
to become wounded during certain attack scenarios (e.g.,
improvised explosive devices, rooftop or bridge attacks).

In addition to the visual stimuli presented in the VR
HMD, the clinician can deliver directional 3D audio, vibro-
tactile, and olfactory stimuli (e.g., burning rubber, cordite,
garbage, body odor, smoke, diesel fuel, Iraqi food spices, and
gunpowder) into the BRAVEMIND scenarios in real time.
The presentation of all ambient and additive combat-
relevant stimuli into the VR scenarios (e.g., helicopter fly-
overs, bridge attacks, exploding vehicles, and detonation of
improvised explosive devices) can be controlled in real time
through a separate “Wizard of Oz” clinician’s interface (see
Figure 2), while the clinician is in full audio contact with the
patient. The clinician’s interface is a key feature that pro-
vides a clinician with the capacity to customize the therapy
experience to the individual needs of the patient. This in-
terface allows a clinician to place the patient in VR scenario
locations that resemble the setting in which the trauma-
relevant events occurred. Ambient light and sound condi-
tions can be modified to match the patients’ description of
their experience. The clinician can then gradually introduce
and control real-time trigger stimuli (visual, auditory, ol-
factory, and tactile), through the clinician’s interface, to
foster the anxiety modulation required to promote extinc-
tion learning and emotional processing in a customized
fashion based on the patient’s past experience and treatment
progress.

This package of controllable multisensory stimulus op-
tions was included in the design of the BRAVEMIND system
to allow a clinician the flexibility to engage users across a
wide range of unique and highly customizable levels of ex-
posure intensity. As well, these same features have broad-
ened the system’s applicability as a research tool for studies
that require systematic control of stimulus presentation
in combat-relevant environments (94). A direct link to a
YouTube channel with videos that illustrate features of
this system and include former patients discussing their
experience with the VRET approach can be found at http://
www.youtube.com/user/AlbertSkipRizzo.

Research Findings Using the BRAVEMIND System for
Combat-Related PTSD
Early clinical tests of the BRAVEMIND virtual Iraq-
Afghanistan system produced promising results. Initially,
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three published case studies reported positive results using
this system (95–97), and in the first open clinical trial,
analyses of 20 active-duty treatment completers (19 male,
one female; mean age=28, age range=21–51) produced posi-
tive clinical outcomes (42). For this sample, mean pre- to
posttreatment PTSD Checklist—Military Version (PCL-M)
(98) scores decreased in a statistical and clinically mean-
ingful fashion: 54.4 (SD=9.7) to 35.6 (SD=17.4). Paired pre- to
posttreatment t test analysis showed these differences to
be significant (t=5.99, df=19, p,0.001). Correcting for the
PCL-M no-symptom baseline of 17 indicated a greater than
50% decrease in symptoms, and 16 of the 20 completers no
longer met PCL-M criteria for PTSD at posttreatment. Mean
Beck Anxiety Inventory (99) scores significantly decreased
33%, from 18.6 (SD=9.5) to 11.9 (SD=13.6; t=3.37, df=19,
p,0.003), and mean Patient Health Questionnaire (100)
depression scores decreased 49%, from 13.3 (SD=5.4) to 7.1
(SD=6.7; t=3.68, df=19, p,0.002). The average number of
sessions for this sample was just under 11.

Overall, 80% of the treatment completers in this sample
showed both statistically and clinically meaningful reduc-
tions in PTSD, anxiety, and depression symptoms, and an-
ecdotal evidence from patient reports suggests that they saw
improvements in their everyday life. These improvements
were also maintained at three-month posttreatment follow-
up. In another open clinical trial (101) with active-duty Army
service members (N=24), the results indicated significant
pre- to posttreatment reductions in PCL-M scores and a
large treatment effect size (Cohen’s d=1.17). After an average
of seven sessions, 45% of those treated no longer screened
positive for PTSD, and 62% had reliably improved.

A series of randomized controlled trials (RCTs) were
then conducted. In an early trial (102), active-duty service
members with PTSD (N=19) were randomized to VRET
(N=9) or imaginal exposure (N=10). At posttreatment, VRET
reduced CAPS (103) scores (p,0.05), whereas the imaginal
PE showed no significant changes. Both groups showed
significant change (p,0.05) on the PCL-M, however. In a
small, preliminary, quasi-RCT (104) that used a VRET sim-
ulation of Iraq comparable to the ICT version described
above, seven of ten participants with PTSD showed a 30% or

greater improvement with VR, whereas only one of nine
participants in a treatment-as-usual group showed similar
improvement.

The results of these two RCTs are variously limited by
small sample sizes, lack of blinding, and use of a single
therapist. In the case of McLay et al. (104), moreover, the
VRET comparison was with a set of relatively uncontrolled
usual-care conditions. These findings, however, have added
to the incremental evidence in support of the use of VRET
for combat-related PTSD.

More equivocal findings were reported by Reger et al.
(105) in an RCT comparing VRET, PE, and await-list control
with active-duty OIF-OEF soldiers with PTSD (N=162). Al-
though both VRET and PE demonstrated significantly more
improvement of PTSD and depressive symptoms relative to
the wait-list control condition, no significant differences
were observed between VRET and PE at posttreatment.
Moreover, greater improvement in PTSD symptoms at the
three- and six-month follow-ups was found with PE.

One possible explanation for these follow-up results,
which are in sharp contrast to previous findings indicating
strong durability of VRET treatment gains (39, 42, 46), is that
the study employed an early version of the system that
contained only four VR scenarios. It therefore might have
provided less relevant content to this specific group of
active-duty service-member clients. Previous feedback from
clinicians using this system indicated that when the client’s
trauma experience was not well matched to the available
content in this initial system, clinicians shifted to imaginal
PE. Such feedback informed the design of the BRAVEMIND
system, with its expansion to 14 diverse scenarios. Clinical
trials with that version of the system are underway.

There are also reports from two other large-scale VRET
trials, which examined the augmentation of the traditional
exposure component with additional psychosocial treat-
ment (36) and with a pharmacological supplement (46).
Beidel et al. (36) combined VRET with trauma manage-
ment therapy (TMT) in an intensive daily outpatient pro-
gram conducted over three weeks. VRETwas delivered each
morning, and TMT (106) was conducted each afternoon as a
highly structured group intervention that focused on social

FIGURE 1. Scene from BRAVEMIND Roadway and City Scenarios
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reintegration, anger management and problem-solving train-
ing, and brief behavioral activation for depression. With an
analyzed sample size of 102 and a 2% dropout rate, the authors
reported a 2.06 effect size,with 65.9%of participants no longer
meeting diagnostic criteria for PTSD. Similar positive effects
were reported in other clinical domains, and treatment gains
were maintained at six-month follow-up. Although it is im-
possible to determine the differential effects of VRET versus
the psychosocial TMT components, the results from the
combination of these approaches in an intensive format are
promising, especially in light of recent criticism of PE ap-
proaches (107).

Finally, Rothbaum et al. (46) compared the effects of five
VRET sessions augmented by D-cycloserine (DCS), which
has been found to facilitate extinction in other fear-based
disorders (108); alprazolam; and placebo in a study with
156 OEF and OIF veterans with PTSD. Although there were
no differences in treatment outcome across medication
conditions, with the exception of posttreatment and three-
month follow-up CAPS scores indicating that the alprazolam
group showed a higher rate of PTSD than the placebo group,
PTSD symptoms significantly improved across all condi-
tions at posttreatment and at the three-, six-, and 12-month
follow-ups. Moreover, VRET resulted in improvement in
psychobiological measures of startle and cortisol reactivity
to a trauma-relevant scene (109), which provides further
support for the effectiveness of this form of exposure-based
therapy using VR (25).

An ongoing RCT using the BRAVEMIND system is
nearing completion at the time of this writing; it investigates
the additive value of DCS with VRET and PE (110). Recent
evidence of both VRET and DCS effectiveness was reported
by Difede et al. (39) in a clinical trial with World Trade
Center PTSD clients. In a double-blinded controlled com-
parison between VRET+DCS and VRET+placebo, both

groups had clinically meaningful and statistically significant
positive outcomes, with the DCS group achieving equivalent
gains with fewer sessions. This finding is in contrast with
two reports that found no additive value when DCS was
added to imaginal PE for PTSD treatment in civilian (111) and
military (112) groups. The current ongoing RCT (110) is
important for determining whether DCS differentially im-
proves PTSD treatment outcomes across PE and VRET
conditions, in view of previously reported mixed findings in
this literature.

In conclusion, the overall trend of the published findings
is encouraging for the view that VRET can be safely applied
clinically and may be an effective approach for delivering an
evidence-based treatment (PE) for PTSD. At the least, with
the exception of the follow-up data from Reger et al.’s (105)
trial, these studies suggest that VRET is as efficacious as
traditional PE. However, more research is needed in the
form of high-quality RCTs using the current BRAVEMIND
system before this can be fully ascertained.

DISCUSSION AND CONCLUSIONS

General simulation technology has a long history of adding
value in aviation training; military planning; automotive,
equipment, and architectural design; and robotic surgery
practice (113). When researchers leverage these same simu-
lation technology assets, but in a form factor that can deliver
VR experiences in a clinicians’ office, hospital, or research
laboratory, a powerful and engaging set of virtual tools for
psychiatric applications becomes available. The initial step
for creating useful VR simulations for clinical purposes is
to first look at known processes operating in physical reality
that are based on existing theory and are thought to underlie
evidence-based approaches to assessment and intervention.
With that as a starting point, one can thoughtfully specify the

FIGURE 2. Clinician Interface (Left) and User Interacting in Driving (Center) and Foot-Patrol (Right) Modes
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simulation assets required to create VR applications that can
amplify treatment effects, provide more reliable and valid di-
agnostic assessments, break down barriers to care, or simply
reduce costs by automating processes.

For example, we know that the use of imaginal exposure
therapy for anxiety disorders and PTSD is evidence based in
the physical world. From that, one can see a direct case for
using the virtual world to deliver ecologically relevant sim-
ulations, within which stimuli can be precisely controlled.
This allows for the titration of progressively more pro-
vocative stimuli designed to pace exposure for the end goal
of promoting extinction learning and subsequent fear and
anxiety reduction.

Similarly, we know that the sheer amount of physical
rehabilitation activity that a stroke survivor engages in is
related to improved functional outcomes (all other factors
being equal). From that, it is logical to hypothesize that if
compelling game-based VR rehabilitation tasks are de-
veloped, it might be possible to motivate users to do more
repetitions, which could lead to improved outcomes. These
thumbnail examples illustrate how a combination of the VR
assets cited earlier (expose, distract, motivate, measure, and
engage) can inform the rationale for clinical use cases that
add value over existing traditional methods.

The research support for the use of clinical VR applica-
tions is also promising, albeit not fully mature. There seems
to be consensus in the literature that VR can produce
equivalent or better outcomes for exposure-based ap-
proaches for anxiety disorders and PTSD treatment (25–27,
114). As well, in other areas of clinical VR application, con-
sistent findings have been produced in support of VR as an
effective distraction tool for reducing the perception of pain
among patients undergoing acutely painful medical proce-
dures (23, 53). A growing body of research indicates that
VR can increase participation in physical rehabilitation,
with patients reporting more motivation to engage in re-
habilitation tasks in a game-based VR context, as compared
with traditional rehabilitation approaches (115). Cognitive
assessment methods using VR have enhanced performance
measurement, producing promising results in construct
validation studies and for distinguishing between clinical
groups and healthy controls (70, 116–118). Finally, virtual
humans with varying levels of artificial intelligence have
been shown to engage users in credible interactions in sup-
port of clinical training (virtual patients), as always-available
and tireless health-care guides, and recently in the role of
clinical assessors (22, 119–126).

As we look to the future, we see clinical VR as one of the
larger domains of general VR usage. In the recent Goldman
Sachs (74) market analysis looking at the future of VR
in 2025, the gaming and entertainment sector of course
garnered the largest market share. Although this is to be
expected, given the public’s chronic demand for new and
better ways to consume media, the little-noticed item in that
market analysis is that health care came in second place for
the VR market share. This is not a surprise to researchers

and clinicians who have worked in this area over the years,
especially as we see health-care costs becoming one of
the largest line items in the U.S. government’s budget, after
defense.

Interest in clinical VR by actual therapists also seems to
be substantial and growing. Norcross et al. (75) surveyed
70 psychotherapy experts regarding interventions they
predicted to increase in the next decade. VR was ranked
fourth out of 45 options, with other computer-supported
methods (teletherapy, mobile apps, online cognitive-
behavioral therapy self-help) occupying the other three of
the top five positions.

Professional interest in the clinical uses of VR technology
has clearly accelerated and will likely continue to be fueled
by a societal zeitgeist in which this form of immersive and
interactive technology inspires the public’s attention and
imagination. Although it was previously hamstrung by costs,
complexity, and clinician unfamiliarity with VR equipment,
the technology has evolved dramatically in the consumer
marketplace, with new low-cost, easily accessible, high-
fidelity product offerings that are poised to drive wider scale
adoption. This will result in a probable future scenario
whereby VR headsets will become like toasters—although
people might not use the headset every day, every household
will have one. When such market penetration occurs, the
general public will have more access to a range of VR ex-
periences. This may serve to accelerate the uptake of clinical
VR as users, more familiar with the technology, begin to
imagine its value beyond the world of digital games and
entertainment and come to expect it as a part of their health
care.

The momentum generated by the growing public
awareness of VR, coupled with advances in the science and
technology, has created a unique opportunity for psychiatry.
Our analysis of the history, theoretical basis, and research
findings to date leads us to predict that the application of
clinical VR will have a significant impact on future research
and practice. Certainly there is still much work to be done to
advance the science in this area, particularly with the need to
dismantle studies to better specify active ingredients for
promoting clinical improvements. Research also needs to
better specify which patients will best derive value from a
VR approach versus more traditional methods.

However, when one considers that psychology as a sci-
ence has been around for about 125 years, with a focus on
studying human behavior and interaction in the physical
world, it only makes sense that we may need a few more
years to evolve the science for how humans behave and in-
teract in the virtual world. In view of the current enthusiasm
for VR generally across society and specifically in the clinical
community, coupled with emerging scientific support, we
believe that it is a fairly safe bet that clinical VR applications
will soon become standard tools in the toolbox of psychiatry
researchers and practitioners and will only grow in rele-
vance and popularity in the future. For access to a large
library of online videos demonstrating many of the VR
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applications discussed here, go to https://www.youtube.
com/user/albertskiprizzo.
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