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Lessons Learned From 600 Virtual Reality Sessions

BRENDA K. WIEDERHOLD, Ph.D., MBA, BCIA-C,!
and MARK D. WIEDERHOLD, M.D., Ph.D., FACP?

ABSTRACT

The Center for Advanced Multimedia Psychotherapy at the California School of Professional
Psychology in San Diego was established to conduct research and provide clinical treatment
to persons with phobias and other mental health disorders by using virtual environments as
an adjunct to traditional cognitive-behavioral therapy. Observations made over the course of
600 virtual reality sessions are discussed in this article. Physiological and self-report data col-
lected during treatment support the effectiveness of virtual reality exposure as a useful ad-
junct in the treatment of phobias. The use of immersive virtual environments appears to aug-
ment treatment success through the construct of “presence.”

INTRODUCTION

N CONDUCTING OVER 600 sessions using vir-

tual environments designed to treat specific
phobias, we are beginning to realize that the in-
dividual response to the virtual world is more
varied than first believed. The pace at which
the patient progresses through virtual therapy
also varies a great deal. Some patients show im-
mediate immersion or “presence” in the virtual
world, whereas others require several sessions
to reach this state. Many researchers and clin-
icians are realizing the therapeutic value of this
state of presence and, by measuring both sub-
jective and objective arousal, are beginning to
elucidate when this state is achieved. Many in-
vestigators report that high levels of presence
seem to be correlated with increased respon-
siveness to therapy, more dramatic treatment

success, and more prolonged positive effects
of the therapy. In addition, as the clinic has ex-
panded its “virtual therapy” from treating fear
of flying to treating other phobias (such as fear
of driving, claustrophobia, social phobia, and
agoraphobia), we have noticed the therapeutic
interaction with the patient while he or she is
in the virtual environment differs dramatically
between different phobias. Whereas the per-
son with a fear of flying may prefer to become
more immersed in the environment by not
having the therapist ask for anxiety levels dur-
ing exposure, the person with social phobia is
able to verbalize quite frequently and still feel
a part of the scene, experiencing arousal, as
they maneuver through virtual social scenar-
ios. It is important to adapt each virtual world
scenario to the best clinical protocol for each
patient.

! Center for Advanced Multimedia Psychotherapy, California School of Professional Psychology Research and Ser-

vice Foundation, San Diego, California.
2 Scripps Clinic Medical Group, La Jolla, California.
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EVALUATIVE MEASURES

In assessing patients” progress through treat-
ment, research has shown that a variety of mea-
surement tools produce the best accuracy.! The
measures used range from subjective to objec-
tive (Fig. 1) and include:

1. Subjective Units of Distress (SUDS): Based
on a score of 0 (meaning no anxiety) and 100
(meaning maximal anxiety), the patient is
asked at several points in time for a SUDS
rating. The goal is to elicit some anxiety dur-
ing exposure, and then to have that anxiety
decrease both within session and between
sessions.

2. Self-Report Scales: Depending on the pho-
bia being treated, self-report questionnaires
with appropriate reliability and validity are
chosen to be given pre-treatment, mid-treat-
ment, and post-treatment. Although the
scales may be subject to such confounds as
social desirability, they may give an indica-
tion of the patient’s reduction in fear levels
over the course of treatment.

3. Overt Behavioral Observation: The therapist
needs to be aware of the patient’s behavior
during session—is the patient sitting qui-
etly, unengaged; is the patient fidgeting and
bracing in fear; is the patient hyperventilat-
ing; or is the patient interacting in an in-
quisitive manner with the virtual environ-
ment.

4. Physiology: Research has shown that phys-
iological changes occur during exposure to
phobic stimuli.? Based on this, heart rate,
respiration rate, skin resistance (a measure

Subjective
SUDS
Self-Report Scales
Overt Behavioral Observation
Physiology

v
Objective
FIG. 1. Evaluative measures used during VR therapy.
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of sweat gland activity), peripheral skin
temperature, and brain wave activity are be-
ing measured both at baseline and during
exposure for each treatment session.

Possible interrelationships

Prior studies have shown that the constructs
of Hypnotizability and Absorption are highly
correlated, as measured by the Hypnotic In-
duction Profile (HIP)® and the Tellegan Ab-
sorption Scale (TAS).* What is not definitively
known is whether these constructs are also cor-
related with the concept of presence. Presence
has been described as occurring when the per-
son feels more a part of the computer-gener-
ated environment than the real world environ-
ment where they are physically located.
Maximal presence is thought to occur when the
user feels immersed in the environment, feels
capable of interacting with the environment,
and has an interest in the environment or task
portrayed.® It would intuitively seem that those
high on the HIP and TAS would be more able
to feel present in the virtual environment more
quickly (Fig. 2). In our research and clinical ses-
sions, we have seen a curvilinear relationship
with absorption and hypnotizability and treat-
ment success thus far. Those scoring as low and
high in absorption and hypnotizability have
had the best treatment outcome success, while
those scoring “medium” have not been as suc-
cessful in virtual therapy. In contrast, those
scoring medium have done better in Imaginal
Exposure Therapy (IET) than those scoring low
or high. The meaning of this is not yet clear,
but needs to be examined more closely, and
may be useful when initially assessing a per-
son’s suitability for treatment or determining
the projected length of treatment. Interesting to
note, however, is the fact that all three groups
still had better treatment outcomes in virtual
reality therapy than in imaginal therapy.

Framework

As reported in Wiederhold and Wiederhold,’
patients appear to be clustered into four sub-
types when skin resistance (objective) and
SUDS (subjective) ratings are compared in a
2 X 2 table. Shown in Figure 3, a person show-
ing high subjective and objective arousal when


http://online.liebertpub.com/action/showImage?doi=10.1089/10949310050078841&iName=master.img-000.png&w=200&h=143
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FIG. 2.

placed into the virtual world would be labeled
a “type 1.” During therapy, this would be a pa-
tient who is highly phobic and is immersed or
present enough in the virtual world to feel both
subjective anxiety and physiological anxiety. A
person showing high physiological arousal but
reporting no subjective arousal would be la-
beled a “type 2.” This appears to be a person
having some type of “mind-body disconnect”
and may be a person who is not “cognitively
immersed” in the virtual world, although their
physiology says otherwise. This person may
not be aware of when they are experiencing

Interrelationships among a person’s level of presence, hypnotizability, absorption, immersion, and interaction.

physiological arousal and /or may be unable to
admit that an “animated world” is causing
some anxiety. A person labeled as a “type 3”
would be someone who is experiencing no
physiological arousal but is self-reporting
arousal. This again might be someone who cog-
nitively feels quite anxious but physiologically
is not showing signs of anxiety. This person
may also be unable to become immersed in the
virtual world but unable to admit this to the
therapist. A “type 4” in this framework would
be someone who is neither physiologically or
subjectively aroused upon being placed into

SUDS
High Low
1 2
Aroused
Physiology
3 4
Normal

Type 1: High Subjective (SUDS) and High Objective (SR) arousal.
Type 2: Low Subjective (SUDS) and High Objective (SR) arousal.
Type 3: High Subjective (SUDS) and Low Objective (SR) arousal.
Type 4: Low Subjective (SUDS) and Low Objective (SR) arousal.

FIG. 3.

A framework used to determine the subtype of a patient that is based on skin resistance (SR) levels (an ob-

jective measurement) and subjective units of distress (SUDS) (a subjective measurement).
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the virtual world. This could be a non-phobic
or someone who is notimmersed and therefore
unable to feel arousal, and who is able to ad-
mit that fact. Or, this is someone who has be-
come desensitized through treatment and is no
longer feeling arousal, either subjectively or ob-
jectively, in the virtual world and who now
may be fully ready to attempt in vivo exposure.
As patients move through the therapy pro-
gram, it appears that those who never become
a type 1 are not able to achieve treatment suc-
cess. As shown by previous researchers,!? it
is important to have both subjective and objec-
tive arousal during exposure with a decrement
in arousal occurring both within session and
across sessions. Those who never become a
type 1 never experience arousal in both systems
and therefore may not be able to achieve full
habituation. It also appears that many IET par-
ticipants never become a type 1 even though
they may be a type 4 at the end of treatment,
meaning they could never fully become im-
mersed enough in the imaginal scenarios to ex-
perience the anxiety subjectively and objec-
tively. It also appears that self-efficacy changes
more for VRGET participants with a sense of
mastery being achieved by the end of treat-
ment. It may be that IET participants drift off
task during exposure, possibly “cognitively
avoiding” the stimulus during exposure, which
prevents full processing and habituation.'”

SUDS levels

In a study comparing virtual reality—graded
exposure therapy (VRGET) to imaginal expo-
sure therapy for the treatment of fear of flying,
it was seen that patients in the VRGET group
experienced much higher SUDS ratings during
initial exposure sessions, with a subsequent
drop in ratings during later sessions; whereas
IET participants received lower SUDS ratings
during initial exposure sessions, with a slight
rise in ratings during session four and a drop
again in sessions five and six.!® Because stud-
ies have shown that in order to change the fear
structure one must first access the fear struc-
ture, it would appear that IET participants were
not able to feel the anxiety as strongly, and

WIEDERHOLD AND WIEDERHOLD

therefore the fear structure may not have been
fully activated and changed during treatment.

Self-report questionnaires

In the same study, self-report questionnaires
showed no differences between VRGET and
IET groups, although post-treatment flying be-
havior differed dramatically. This points to a
need to re-evaluate assessment methods and to
realize that self-report measures may not be the
most reliable way to assess treatment success,
due to such factors as social desirability and re-
gression to the mean.

Skin resistance

In a fear of flying comparison study, partic-
ipants in the VRGET experienced an average
35% drop in skin resistance when placed in the
virtual world the first time. They then showed
less and less of a drop in skin resistance, and
during the final exposure session (session 6)
showed only a drop of 15% from baseline lev-
els. In contrast, the IET group showed smaller
dropsin earlier sessions and actually had a 30%
drop in SR levels during session 6, possibly
meaning that they were only able to become
fully immersed in the imaginal exposure after
several sessions, and actually were still quite
anxious physiologically by the end of treat-
ment, not appearing to have achieved physio-
logical stabilization and desensitization.!®

Physiological findings

Both participants and patients seen over the
past 2; years have overall not shown consistent
or identifiable changes in peripheral skin tem-
perature (PST) as a result of exposure to the vir-
tual world. Although some individual patients
have shown decreases in PST during exposure,
this does not appear to occur in most persons.
Heart rate also has not been a sensitive mea-
sure. Some patients have experienced panic at-
tacks during exposure to the virtual stimuli,
and this change in heart rate was observable.
For the average anxious patient, the heart rate
did not prove to be a sensitive measure. It has
been suggested that heart rate variability might
prove a more powerful predictor due to its in-
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creased sensitivity.!! Respiration rate has also
not been sensitive to changes during exposure
or across sessions when measured with an ab-
dominal strain gauge. Skin resistance has been
an accurate indicator, being the quickest to re-
act during presentation of phobic stimuli and
showing the most change over treatment as de-
sensitization occurs.

Brain wave findings

Brain wave activity analysis is in the initial
stages and appears to be showing some inter-
esting trends. In the Beta Frequency Band (16-21
Hz), those labeled type 1 and type 3 in the frame-
work who self-report subjective arousal, have a
substantial drop in beta from baseline through
virtual flight. Those self-reporting no arousal,
type 2 and type 4, show no drop in this frequency
band from baseline through flight. So, although
type 1 and type 2 subjects are both showing
physiological arousal, the brain activity is not re-
flecting these two groups as being equal.

In the SMR Frequency Band (13-15 Hz), again
those in category 1 and 3 have a decrease in am-
plitude during the VRGET, whereas those in
category 2 and 4 do not show this decrease. The
Alpha Band (8-12 Hz) showed significant de-
creases in category 1 and 3 participants,
whereas these significant decreases were not
shown in category 2 and 4 participants. In-
creases in alpha amplitude are usually associ-
ated with increases in relaxation,!? and, there-
fore, would show a decrease in highly anxious
individuals such as that seen in category 1 and
3 participants who were also self-reporting anx-
iety. In the Theta Band (4-7 Hz), category 1 and
3 are again reflective of one another, both show-
ing a decrease in theta during exposure. Cate-
gory 2 and 4, in contrast, show an increase in
theta during exposure. This increase is what we
would expect in non-phobics based on previous
work showing that when placed in a virtual
world, theta amplitude increases, which reflects
a more primitive form of processing.!31?

SYNCHRONY

The concept of synchrony as proposed by
Hodgson & Rachman occurs when physiolog-
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ical and subjective measures move together
over treatment. In their earlier studies a corre-
lation between SR and SUDS was found, using
the median correlation as a cut-off point be-
tween synchrony and desynchrony.’ In trying
to determine the usefulness of the proposed
four-category framework, we also have chosen
to use the median SUDS and SR changes as our
cut-off point. This keeps in line with what Foa
has discussed concerning the need for arousal
to be both physiological and cognitive,® fol-
lowed by a decrement in arousal in both sys-
tem; and Lang' who reports that there must be
both physiological and subjective arousal for
treatment success. Rachman has reported that
synchrony occurs more often in highly arous-
ing situations!* (such as in vivo exposure), and
synchrony did appear to occur more often
amongst VRGET participants than IET partici-
pants. When flying success was determined
based on synchrony levels, using Rachman’s
method, we achieved a p of .035. When based
on synchrony the cut-off point was determined
using the framework. We also achieved p =
.035. It, therefore, appears that the framework
fits within established methods of assessment
to determine treatment success.

COMPARISON TO NON-PHOBICS

By studying the physiological reactions of
non-phobics when placed in the virtual envi-
ronments, a baseline or normal response can be
determined by which to compare phobics’ re-
actions. The majority of non-phobics do get
some arousal when first placed into the virtual
world, but are able to stabilize their physiology
over a 20-minute exposure period, with one
study showing an overall 2% increase of
skin resistance from baseline through virtual
flight.!> Another study showed that physiology
was not fully stabilized after a 10-minute ex-
posure period for most non-phobics.!® Non-
phobics respond very differently to the virtual
world than phobics also. Most non-phobics en-
ter the world and immediately begin exploring
and interacting with the world. Most phobics
enter the world and have to be invited to be-
gin the exploration and interaction process,
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with periodic reminders usually being neces-
sary.!7

OTHER FINDINGS

Overall, participants and patients alike have
been very impressed by audio and vibratory
stimuli provided by the various virtual envi-
ronments. They have reported it as being “very
realistic” and adding to their ability to become
immersed. Although some patients can become
immersed during the first exposure session,
others take two or three sessions to feel fully
present in the environment. Many patients sub-
jectively report dislike of the “animated” visual
stimuli and are amazed when they are able to
feel anxious. A small percentage of patients
have reported feeling drowsy during the vir-
tual exposure. Classical conditioning might
lead us to believe that because these patients
had learned to experience drowsiness during
real world flights due to taking Xanex prior to
flying, the same response of drowsiness was
elicited in the presence of the same stimuli of
the virtual flight.

VIRTUAL ENVIRONMENTS

The virtual environments used to treat fear
of flying patients at CAMP were developed by
Dr. Larry Hodges at Georgia Tech and Dr. Bar-
bara Rothbaum at Emory University. The vir-
tual environments used to treat our patients
with claustrophobia, social phobia, and panic
disorder with agoraphobia were created by Dr.
Giuseppe Riva at Istituto Auxologico Italiano
in Verbania, Italy. All the environments run on
a PC platform and use head-mounted displays
and head trackers for greater interactivity and
immersiveness. In addition, the environments
created to treat patients with claustrophobia,
social phobia, and panic disorder with agora-
phobia make use of a joystick device to navi-
gate through the virtual worlds.

The following case studies examine the indi-
vidual experiences of patients as they move
through the treatment using virtual reality ex-
posure therapy in combination with traditional
cognitive-behavioral therapy techniques.

WIEDERHOLD AND WIEDERHOLD

CASE REPORT—CLAUSTROPHOBIA

The patient was a 75-year-old Caucasian fe-
male referred to our clinic by her primary care
physician for treatment of claustrophobia. The
treatment was necessary because of an upcom-
ing MRI procedure. Because of other co-mor-
bid medical conditions, she preferred not to
have intravenous valium administered during
the procedure. Upon initial consultation, it was
learned that she had lived for the past 40 years
with a fear of elevators and other small, en-
closed spaces; choosing to climb as many as 15
flights of stairs rather than take an enclosed el-
evator. Since her hip replacement surgery 3
years prior, she had confined her activities to
buildings and doctors’ offices that were located
no higher than the third floor. The exception to
this avoidance was buildings with glass eleva-
tors, with which she had no problem. Initial in-
take history showed no co-morbid phobias or
other mental health conditions and the patient
appeared very motivated to overcome her fear.

During initial sessions, the patient was in-
troduced to diaphragmatic breathing tech-
niques with the use of visual physiological
feedback to use during subsequent exposure
sessions, as well as thought-stopping and cog-
nitive distraction techniques. Because of her
claustrophobia, it was initially unclear if she
would be able to tolerate the HMD, but this did
not prove to be a problem. The patient was ac-
quainted with the virtual reality head-mounted
display (HMD) and joystick, which was used
for navigation in the virtual world, and prac-
ticed navigating in a virtual beach scene, which
she found very relaxing. Having never touched
a computer before nor played a video game,
she adapted quite quickly to the VR world and
found it quite enjoyable. She commented,
“Now I can tell my grandsons that grandma
knows what VR is!”

During the next session, after a baseline re-
laxation period, the patient was immersed into
the virtual world and asked to walk forward,
open the door, and enter the virtual elevator.
At this time, she became quite anxious and did
not want to proceed to opening the door. She
commented, “That looks like a very small ele-
vator—I don’t want to go inside.”

When asked for a SUDS rating, she reported
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at 80. After standing facing the elevator doors
for several minutes while doing diaphragmatic
breathing, she was able to open the doors and
with some encouragement, walk inside the el-
evator. She was able to stand inside the eleva-
tor, but only for a brief period before needing
to exit. The rest of the session was focused on
walking around the lobby, facing the elevator,
entering the elevator, and closing the doors.

Subsequent sessions were spent first practic-
ing in the virtual world and then going to the
real elevator in the clinic’s building, which is
very old and slow moving. By the end of seven
treatment sessions, the patient was able to suc-
cessfully stand in the elevator 15 minutes with
little or no anxiety. A call was received after the
patient’s MRI reporting that she had made it
through the procedure successfully.

CASE REPORT—PANIC DISORDER
WITH AGORAPHOBIA

The patient was an 18-year-old Caucasian
male referred by his physician after being
tested for an organic cause for his symptoms.
He had continued to live at home while at-
tending a local university, but after a few weeks
of school was unable to attend class without his
mother, then was unable to attend class at all.
He subsequently also discontinued working
because he could not stay at his job without his
mother or a close friend being present the en-
tire day. The patient was experiencing panic at-
tacks several times a day without provocation
and was only able to go two blocks from his
home when he presented for treatment.

Treatment began with patient education, fol-
lowed by breathing retraining and cognitive
coping techniques, which remained a part of
subsequent sessions. A hierarchy was then
made of situations that successively provoked
more anxiety. After the patient demonstrated a
comprehension of these anxiety management
techniques, exposure to the virtual world be-
gan. At first, the patient was placed in the HMD
and allowed to navigate through nonthreaten-
ing environments with the use of a joystick. The
patient was placed in a beach scene that he had
said would cause little if any anxiety. Unfortu-
nately, when he reached the edge of the sand
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and gazed out over the water, it reminded him
of many years earlier when he had been on a
sailboat and had a panic attack and had to be
brought back to shore. The cues in the scene
served to bring up past memories that, despite
a thorough intake, had not been retrieved. The
elicitation of additional comments allowed for
processing of these memories to occur.

When placed into an open plaza area, the pa-
tient “walked” behind the buildings to where
the open highway was and became very anx-
ious. “I've never been here before—This looks
like it is a long way from my home,” was his
comment.

The patient was guided through the beach
scene, a restaurant scene, an office scene, a gro-
cery store, and an open plaza scene. Homework
practice served to mimic tasks successfully
completed in the virtual world to provide fur-
ther gains in self-efficacy and mastery. The pa-
tient is now being seen once a month for
“booster sessions” and has begun working
again; with plans to attempt college again in
the Fall.

CASE STUDY—SOCIAL PHOBIA

The patient was a 32-year-old male who was
self-referred to our clinic. He had increasingly
become unable to attend more and more social
functions, and had started to feel as though his
phobia was holding him back from achieving
his full potential both in his personal relation-
ships and in his professional life. Treatment be-
gan with psycho-education, cognitive coping
techniques, and breathing retraining. Treat-
ment continued with the patient beginning to
interact with people he encountered in the vir-
tual worlds, making eye contact and small talk.
Between sessions he was instructed to practice
what he had learned in the session. He had
come to our clinic prior to the holiday season
and, because he and his wife both worked for
large firms, he was provided with many op-
portunities to practice his new skills at holiday
parties. He also was asked to practice eye con-
tact and small talk with new people in the of-
fice setting.

Though not yet entirely comfortable with so-
cial situations, our patient has made substan-
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tial gains since beginning treatment. As he
stated, “I still feel a little uncomfortable, but I
can do it now—I'm not avoiding things any-
more.”

CONCLUSIONS

Virtual reality therapy is effective and fits
within established psychological theories and
practice. Physiological measurements signifi-
cantly aid in the verification of emotional pro-
cessing. It seems that virtual environments may
aid in the elicitation of new data from the pa-
tient despite an extensive intake and evalua-
tion. Like hypnosis, virtual environments may
allow the mind access to memories that are out
of conscious awareness. Virtual environments
are proving efficacious for varied disorders and
with varied types of patients, from those who
have never been exposed to computers before
to those who grew up in the computer age.
Continued validation with virtual environ-
ments is necessary for sustained growth and
acceptance.
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