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Virtual reality exposure therapy for fear of driving:
analysis of clinical characteristics, physiological
response, and sense of presence
Rafael T. da Costa,1,2,3,4 Marcele R. de Carvalho,1,2,3,4 Pedro Ribeiro,1,5 Antonio E. Nardi1,2,3

1Instituto de Psiquiatria, Universidade Federal do Rio de Janeiro (UFRJ), Rio de Janeiro, RJ, Brazil. 2Instituto Nacional de Ciência e Tecnologia

(INCT), Conselho Nacional de Desenvolvimento Cientı́fico e Tecnológico (CNPq), Rio de Janeiro, RJ, Brazil. 3Laboratório de Pânico e
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Objective: To investigate the reactions of women with driving phobia to a therapeutic program of
scheduled virtual reality exposure treatment (VRET) sessions.
Methods: The study intervention consisted of a computer game with car-driving scenarios that
included several traffic situations. We investigated the participants’ sense of presence, subjective
distress, and physiological responses during eight virtual-reality exposures. We also evaluated clinical
characteristics, driving cognitions, and quality of life in the participants.
Results: Thirteen women were selected. Eight were able to complete the protocol. After VRET, there
was a decrease in the frequency of distorted thoughts and state anxiety scores, as well as a slight
improvement in quality of life. Subjective discomfort scores, heart rate variation, and sense of
presence scores confirmed that there was sense of presence in the virtual reality environment.
Conclusion: All patients showed some degree of improvement and demonstrated different levels of
anxiety in subsequent in vivo driving experiences. Our findings suggest that VRET could be used to
facilitate in vivo exposure, because it can induce presence/immersion and reduce anxiety in patients
with specific phobia. Furthermore, VRET is not associated with any type of risk.
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Introduction

Specific phobia is a marked and persistent fear that is
excessive or unreasonable, cued by the presence or
anticipation of a specific object or situation. Exposure to the
phobic stimulus almost invariably provokes an immediate
anxiety response, which may take the form of a situation-
ally bound or situationally predisposed panic attack.1

Driving phobia is a specific phobia characterized by
intense, persistent fear of driving (FoD), which increases
as the individual anticipates or is exposed to driving
stimuli.1 This specific phobia typically occurs in young to
middle-aged adult women,2,3 and renders them either
unable to drive or only able to drive with considerable
distress.4 Driving phobia does not improve or resolve
without treatment, and it can become chronic.2,3,5 Thus,
driving phobia can cause problems such as restricted
freedom, career impairment, and social embarrassment.1,2

FoD is generally attributed to traumatic experiences
and personality traits, including accidents, dangerous
traffic situations, being assaulted while driving, seeing

someone else experience a traumatic event while driving,
being a generally anxious individual, and being generally
afraid of high speed.6,7

Road trauma can cause psychological symptoms that
include irritability, anger, insomnia, nightmares, headaches,
and avoidance behavior.8 Regarding the latter, people with
fear of driving may avoid it in certain situations, or may
exhibit avoidance behaviors toward any situation related to
driving.9

Accordingly, posttraumatic stress disorder is the psy-
chiatric disorder most commonly associated with driving
phobia; however, social phobia, panic disorder, and/or
agoraphobia have also been reported in the research
literature.2,3,10-13

People with FoD often display dysfunctional safety
behaviors in an attempt to protect themselves from unpre-
dictable dangers when driving.9,14 An evaluation of accident
survivors found that approximately 20% develop an acute
stress reaction; out of this subgroup, 10% eventually develop
a mood disorder, 20% present phobic travel anxiety, and
11% develop posttraumatic stress disorder.2

Overestimation of fear is a common cognitive distortion
in cases of driving phobia. These thoughts can increase
uncomfortable feelings of vulnerability, maintaining anxi-
ety and fear reactions.9,15 In addition, it is possible that
people with driving phobia misjudge their own skills and
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abilities and those of other drivers, thereby increasing
anticipatory anxiety as well as avoidance behavior.16-18

The most feared driving situation cited by driving
phobics is a motor vehicle accident (MVA).18,19 Never-
theless, subjects also mention the following issues: issues
of control, such as losing control of the car, not being in
control of the driving situation, and being in control of
a powerful vehicle; issues surrounding specific driving
situations, including driving at high speed, driving at
night, driving in unfamiliar areas, driving over bridges,
driving through tunnels, driving on steep roads or open
roads, merging, and changing lanes; issues surrounding
the skills required for driving, including reaction time,
judgment errors, weather conditions, and road condi-
tions12,16,18,20,21; as well as fear of being criticized by
someone while driving.11,18,21

Research by the Brazilian Association of Traffic
Medicine22 revealed that FoD affects 10% of all Brazilians
who are eligible to drive, which corresponds to about
2 million people. It is interesting to note that 85% of these
are car owners. Bellina22 investigated 4,000 subjects with
FoD and found that 28% of these had never been
involved in an MVA, while 40% had, but not as the driver;
85% of the subjects were women, and most were aged
30 to 48 years.

Behavioral therapy, using in vivo exposure, has proven
effective in the treatment of specific phobias. Wolitzky-
Taylor et al.23 conducted a meta-analysis of 18 studies
comparing one or more in vivo exposure treatments to a
wait-list control condition. This comparison yielded a large
overall effect size (d = 1.05, p o 0.001) and significant
heterogeneity across studies (Q44 = 121.08). Effect sizes
for this comparison were similar for behavioral (d = 1.16)
and questionnaire (d = 1.00) measures (p o 0.001).

Although we know the behavioral approach has good
results in the treatment of specific phobias,23 about 60%
of people with driving phobia report such intense dis-
comfort that they do not consider themselves able to start
treatment or training that would involve in vivo exposure.
Thus, alternative interventions that can increase the
sense of self-efficacy are very important.22

Powers & Emmelkamp24 analyzed 11 studies that applied
virtual reality exposure treatment (VRET) for anxiety dis-
orders. Most studies of such interventions have been
conducted with specific phobias, especially fear of flying
and acrophobia. Random-effects analysis yielded a mean
overall effect size (Hedge’s g = 1.08, standard error [SE] =
0.14, 95% confidence interval [95%CI] 0.80-1.35; Cohen’s
d = 1.11 [SE = 0.15, 95%CI 0.82-1.39]) indicating a large
effect for VRET relative to control conditions (p o 0.05).
This evidence suggests that VRET can be an important tool
to increase sense of self-efficacy in individuals with FoD.
Furthermore, virtual-reality interventions let driving phobics
improve driving skills and identify and resignify cognitive
distortions without any actual risk exposure.

Virtual reality exposure integrates real-time computer
graphics, sounds, and other sensory inputs to create a
computer-generated world in which the subject can parti-
cipate.16,22,23,25 A successful virtual experience occurs
when the users have a sense of presence, defined as a
sensation of being inside the virtual environment.26-30

According to Bellina,22 recent literature has demon-
strated that the more immersive the scenario is, the more
intense the subsequent emotional state elicited. Specifi-
cally, immersive scenarios can increase the sense of
presence, or the illusion of ‘‘being there.’’

Virtual reality allows assessment of clinically relevant
verbal, motor, and physiological fear reactions.20,23 It
provides the observer with a level of sensory realism that
approaches the experience of the real world, while con-
trolling the situation and most of the stimuli, thus making it
possible to simulate realistic situations and induce emo-
tions in a controlled, standardized way.31,32 Additionally,
the artifacts usually induced by uncontrollable factors in
real environments are eliminated.22,23

The objective of this paper was to investigate the
reactions of driving-phobic women when placed in a
virtual environment simulating driving. A computer game
with car-driving scenarios that included several traffic
situations was used to investigate the participants’ sense
of presence, subjective distress, and physiological res-
ponses during eight virtual sessions. The participants’
clinical characteristics, driving cognitions, and quality of
life (QoL) were also evaluated.

Methods

Participants

Thirteen women were originally enrolled in the study.
However, five were excluded because they also met
criteria for other mental disorders, as diagnosed using the
Mini International Neuropsychiatric Interview (MINI)30

(one each with panic disorder and agoraphobia, social
anxiety disorder, posttraumatic stress disorder, general-
ized anxiety disorder, and bipolar disorder). These five
subjects were referred for other treatment.

Mean (SD) age was 43.14 (13.91) years. Five subjects
were married, one was divorced, and two were single.
Regarding educational attainment, five had a university
education (one incomplete), two had completed high
school, and one had a primary education.

All eight selected participants had driving phobia as
their only diagnosis, met all inclusion criteria, responded to
all scales, and participated in all virtual exposure sessions.
None of the subjects had prior exposure to computer games.

Instruments

All scales and questionnaires were administered by a
researcher who did not participate in VRET.

- Questionnaires: used to collect personal data and infor-
mation on driving, developed specifically for this study.

- MINI33: used to diagnose possible comorbid disorders.
- Structured Clinical Interview for DSM-IV Axis II (SCID-

II)34: used to investigate personality disorders.
- Beck Depression Inventory (BDI)35: the BDI, a 21-item,

self-report rating inventory, was used to assess mood
symptoms before and after VRET.

- Hamilton Anxiety Scale (HAM-A)36,37: a scale of 14 items,
each defined by a series of symptoms, that measures
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both psychic anxiety (mental agitation and psychological
distress) and somatic anxiety (physical complaints related
to anxiety). It was used to assess anxiety symptoms
before and after VRET.

- State-Trait Anxiety Inventory (STAI)38,39: this instrument
consists of 20 items for assessing trait anxiety and 20 for
state anxiety. All items are rated on a 4-point scale (e.g.,
from almost never to almost always). It was applied to
evaluate trait and state anxiety before and after VRET.

- Driving Cognitions Questionnaire (DCQ)40,41: used to
investigate cognitive distortions before and after VRE.
The DCQ is a 20-item scale that measures three areas of
driving-related concerns: panic-related, accident-related,
and social concerns.

- The Igroup Presence Questionnaire (IPQ)42: used to
measure the sense of presence experienced at the end
of each virtual exposure. The IPQ has three subscales
(Spatial Presence, Involvement, Experienced Realism) and
one additional general item not belonging to a subscale.

- Subjective Units of Distress Scale (SUDS)43: used to mea-
sure subjective discomfort during each 10-minute segment
of VRET. The SUDS has a score range between 0-100.

- The Medical Outcomes Survey SF-36 (MOS SF-36)44,45:
used to evaluate QoL before and after VRET. The MOS
SF-36 was designed to measure health status (broadly
defined) and to examine limitations in functioning related
to physical activity, social activities, functioning in specific
areas, and general health.

- Heart rate monitoring was undertaken as part of the pro-
cedure, to provide physiological feedback during sessions,
and as a measure of change from the first session to the last.

Inclusion and exclusion criteria

Participants were required to be between 18 and 60 years
old, meet the DSM-IV criteria for driving phobia, and have
a driver’s license or at least have completed driving
school training up to the final practical exam (i.e., they had
completed the theoretical test and the practical driving
lessons).

Potential participants were excluded if they had a
comorbid personality disorder and/or any other Axis I psy-
chiatric disorder, as were those with any severe physical
illness and those who were using sedative drugs (barbitu-
rates and benzodiazepines), those who abused alcohol
or illicit drugs, and those with any problem that made it
impossible for them to drive.

Research procedures

Prior approval of the study protocol was obtained from
our local ethics committee at Instituto de Psiquiatria, Uni-
versidade Federal do Rio de Janeiro, in compliance with
the principles of the Declaration of Helsinki.

Participants were recruited from Universidade Federal
do Rio de Janeiro (UFRJ) and driving schools. Recruit-
ment of subjects was done through posters containing
information on the study, which were posted in the
outpatient Institute of Psychiatry and Psychology at UFRJ
and at local driving schools, and through posts on social

media online. The first contact was made via email, which
allowed collection of personal data. The second contact,
with the purpose of scheduling the evaluation interview,
was done by telephone.

Patients were considered eligible if they complained of
FoD and provided written informed consent for participa-
tion. They then completed questionnaires to collect personal
data and information on driving, and were interviewed
using the MINI.33 If the participants met the inclusion and
exclusion criteria, the additional clinical data scales were
administered.

After these steps, subjects participated in virtual expo-
sure sessions. Heart rate was monitored during VRET
(in Hz resolution), but spot measurements were also
obtained every 10 minutes. Patients were asked to report
their level of discomfort (on a scale of 0-100) before VRET
sessions (baseline) and every 10 minutes during the
50-minute exposure. Heart rate and SUDS scores at the
last session were compared to measures from the initial
assessment under standard exposure conditions.

During the first session, the patients received instruc-
tions about how to use the device. The hierarchy of stimuli
in the virtual environment, which was used to expose
participants gradually to uncomfortable situations over a
50-minute period, was as follows: Session 1, Getting a
driver’s license – parallel parking; Session 2, Residential
road – no others cars on the street; Session 3, Residential
road – normal traffic and few pedestrians; Session 4,
Street with heavier traffic and pedestrians; Session 5,
Street with very heavy traffic and many pedestrians;
Session 6, Highway – normal traffic; Session 7, Highway –
many cars, high speed, tunnel; and Session 8, Street with
traffic jam, tunnel, roadworks.

During virtual exposure, patients could talk to the
researcher, who was sitting in the ‘‘passenger seat.’’
There was no standard tool for restructuring dysfunctional
thoughts. The only verbal interventions performed aimed
to test the evidence for or against the cognitive distortions
(e.g., ‘‘Why do you believe this thought is true/false?’’)
and to encourage the subject to continue the exposure
(e.g., ‘‘Let’s go, you can do it,’’ ‘‘Don’t give up,’’ ‘‘You’ve
already overcome other challenges.’’).

After each virtual exposure session, the participants
completed the IPQ.

Statistical analysis

All statistical procedures were performed using SPSS
version 17.0. To compare, correlate and analyze the
scale scores, we used the Wilcoxon test (a nonparametric
hypothesis test used to compare repeated measurements
on a single sample to assess whether their population
mean ranks differ) and Spearman’s rank-order correlation
(a nonparametric version of the Pearson product-moment
correlation). The level of significance was defined as
p o 0.05.

Apparatus

The virtual driving software used was 3D Driving School –
Europa Edition 5.1 (Softonic, Germany). This computer
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game provides basic driver training in a small-town
environment, featuring different traffic rules and countries
(France, Netherlands, Belgium, and Germany). Elements
of the game that can be controlled include the weather,
time of day, number of pedestrians, traffic density, and
setting (e.g., highway, city, countryside, etc.).

The computer used in the current study consisted of a
350 MHZ Pentium III processor with 256 MB RAM and an
ATI video card. A Sport Racing steering wheel with force
feedback, accelerator, and brake foot pedals (attached
to a desk) and a 32-inch LCD TV/monitor with 3440 �
1440 resolution, which provides a pixel density of 109.68
PPI – UltraWide quad-high definition (QHD) display, were
attached.

Each participant sat at a desk with two stereo speakers
and a subwoofer adjacent to the sides of her head, and
a Biopac MP data acquisition system was used to record
heart rate.

Results

Personal characteristics

More than half of the participants had a higher education.
All eight participants had a driver’s license, and had held it
for a mean (SD) of 13.14 (12.92) years (range, 1 month to
30 years).

There was a high percentage of participants who repor-
ted a first-degree relative with driving phobia (57.14%).

The most-feared driving scenarios were rush hour,
passing/overtaking, and mountain driving. The least fre-
quently cited scenarios were parking in the garage at
home and parking at 90 degrees (Table 1).

Mood scales

In the BDI, clinical scores are categorized as indicative of
subclinical, mild, moderate, or severe depression (0-11,

12-19, 20-35, and 36-63, respectively).34,35 The mean
score of 12.86 in the sample indicated mild depression
levels. Low anxiety scores at baseline were identified in
the HAM-A (14.29).36,37

In contrast, participants’ state and trait anxiety scores
were high. The range of scores for each subtest on the
State Anxiety scale is 20-80, and a cutoff score of 39-40
has been suggested to indicate clinically significant symp-
toms.46,47 As expected, the participants scored higher
than normal. However, when comparing the baseline and
8th session scores, the only significant difference was
found in the state anxiety scores (p = 0.01) (Table 2).

Driving cognitions

DCQ scores were lower after eight sessions of VRE.
Dysfunctional thoughts while driving were less frequent,
but the difference was not statistically significant.

Quality of life

Analysis of SF-36 scores at each time point revealed that
all scores were similar or higher after the 8 sessions com-
pared to baseline, with statistically significant differences
on two subscales: vitality and mental health.

Data for all QoL subscales are shown in Table 2.

Sense of presence

Measurement of the sense of presence at the end of each
VRET session showed no significant differences between
scores when comparing the current session to the sub-
sequent session. However, when comparing the first and
last sessions, a significant difference in sense of presence
was observed (Table 3).

SUDS and physiological data

Table 4 shows mean subjective discomfort scores and
heart rate during VRET.

Figure 1 shows the mean SUDS scores and heart rate
(beats per minute) at baseline and after each 10-minute
increment of the total 50 minutes of a virtual exposure
session.

Table 5 shows the correlation between mean SUDS
scores and heart rate.

At the end of eight virtual exposure sessions, two
patients said they would seek individual psychotherapy,
three said they would take driving lessons with an instruc-
tor, three preferred to attend a specialized driving school
for clients with FoD, one participant started driving with
the help of her fiancé, and one started driving with or
without her husband, but still reported severe discomfort.

Discussion

VRET was well tolerated by all participants, as evidenced
by the fact that 100% of them completed the eight inter-
vention sessions.

When evaluating the most feared situations cited by
participants, it is important to consider the city context in

Table 1 Driving information (n=8)

Variable Result

Time as licensed driver (years), mean 6 SD 13.14612.92

Family
Any relatives with fear of driving 57.14

Motor vehicle accident
Yes 71.43
As driver 0

Feared driving situations
Home garage 14.29
Parking at 90 degrees 14.29
Parallel parking 28.57
Parking on a hill 57.14
Highway 57.14
Rush hour 85.71
Mountain driving 71.43
Traffic jam 57.14
Natural events (torrential rain/hail/mist/strong winds) 28.57
Overtaking 71.43
Crossing intersections 42.86

Data presented as percentages (%), unless otherwise specified.
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which the study participants live and the settings they will
have to overcome if they start driving in real-life situations.
Rio de Janeiro is a large city with heavy traffic and highly

stressed drivers, especially during rush hour. The topogra-
phy of the city features many hills and tunnels, and the vast
majority of cars have manual transmission (‘‘stick shift’’).

Table 2 Mean mood, anxiety, cognitive distortions and quality of life scores (n=8)

Baseline 8th session

Mean (SD) Min Max Mean (SD) Min Max

Beck Depression Inventory 12.86 (4.67) 6.00 19.00 10.00 (3.05) 4.00 13.00
Hamilton Anxiety Scale 14.29 (6.29) 6.00 23.00 12.00 (5.57) 5.00 21.00
Trait anxiety (STAI) 43.71 (8.77) 27.00 52.00 41.86 (8.05) 29.00 53.00
State anxiety (STAI) 43.57* (9.27) 29.00 55.00 38.43* (6.08) 28.00 45.00
Driving cognitions questionnaire 49.29 (12.11) 35.00 69.00 42.57 (11.82) 28.00 56.00

Mean (SD) Mean (SD)

SF-36 – Quality of life
Physical functioning 75.714 (14.56) 82.14 (9.51)
Role physical 75.00 (38.19) 86.43 (16.26)
Bodily pain 62.00 (24.25) 66.29 (22.46)
General health 73.86 (11.22) 79.14 (8.59)
Vitality 59.29 (19.24) 67.14 (18.22)*
Social functioning 62.50 (26.02) 75.00 (20.41)
Role emotional 71.43 (29.99) 71.43 (23.00)
Mental health 54.86 (6.41) 65.14 (9.99)*

Data presented as mean (standard deviation)
Max = maximum; Min = minimum; SD = standard deviation; STAI = State-Trait Anxiety Inventory.
*Significant differences between the baseline and week 8: p o 0.05.

Table 3 Mean sense of presence scores (n=8)

Mean (SD) Median Minimum Maximum

Session 1 27.71 (8.01)* 29.00 16.00 36.00
Session 2 21.43 (6.35) 22.50 11.00 29.00
Session 3 23.43 (13.06) 25.50 10.00 28.00
Session 4 21.57 (13.88) 23.00 9.00 26.00
Session 5 21.57 (12.57) 22.00 10.00 26.00
Session 6 20.29 (10.48) 22.00 9.00 24.00
Session 7 18.29 (10.29) 21.50 9.00 23.00
Session 8 18.29 (11.21)* 21.50 10.00 23.00

SD = standard deviation.
*Significant differences between baseline and week 8: p o 0.05.

Table 4 Mean subjective discomfort scores and heart rate during VRET (n=8)

Session Baseline 0 min 10 min 20 min 30 min 40 min 50 min

SUDS
Session 1 0 (0) 58.33 (19.41) 65.00 (19.75) 78.33 (14.38) 74.17 (17.44) 81.67 (18.35) 70.83 (16.25)
Session 2 0 (0) 9.17 (11.14) 46.00 (20.74) 52.00 (26.83) 56.00 (37.81) 64.00 (21.91) 62.00 (25.88)
Session 3 0 (0) 16.00 (20.73) 52.00 (34.20) 62.00 (14.83) 72.00 (19.23) 47.00 (4.47) 54.00 (11.40)
Session 4 0 (0) 8.00 (17.89) 37.00 (15.65) 70.00 (24.49) 66.00 (23.02) 67.00 (29.92) 44.00 (18.17)
Session 5 0 (0) 20.00 (23.45) 44.00 (25.10) 65.00 (31.22) 58.00 (28.63) 60.00 (30.82) 65.00 (39.37)
Session 6 0 (0) 12.00 (21.67) 55.00 (22.36) 57.00 (23.34) 59.00 (27.02) 64.00 (26.08) 48.00 (13.04)
Session 7 0 (0) 22.00 (21.68) 56.00 (27.02) 61.00 (15.16) 54.00 (18.17) 59.00 (18.84) 36.00 (21.91)
Session 8 0 (0) 20.00 (18.26) 50.00 (29.44) 52.50 (29.86) 55.00 (36.97) 55.00 (36.97) 37.50 (18.93)

Heart rate (bpm)
Session 1 79.33 (4.32) 90.00 (6.69) 91.67 (8.43) 94.33 (8.71) 92.33 (9.83) 95.33 (11.64) 89.67 (9.99)
Session 2 78.23 (5.40) 82.00 (4.47) 86.00 (4.00) 85.60 (4.77) 88.40 (7.13) 91.60 (10.81) 90.00 (10.95)
Session 3 79.10 (4.50) 81.60 (5.17) 89.00 (5.38) 88.40 (5.37) 92.60 (10.85) 84.40 (4.34) 86.00 (6.32)
Session 4 80.10 (5.51) 80.80 (2.28) 84.80 (2.28) 93.20 (8.67) 90.40 (3.58) 91.20 (6.26) 85.20 (4.60)
Session 5 79.45 (4.47) 83.20 (5.40) 85.00 (7.00) 88.80 (7.82) 89.20 (8.32) 89.20 (8.90) 91.60 (7.54)
Session 6 80.15 (6.17) 82.80 (5.76) 87.60 (5.18) 88.80 (5.40) 89.80 (7.89) 91.00 (7.28) 84.00 (2.45)
Session 7 78.17 (4.67) 83.40 (6.23) 88.80 (7.56) 87.60 (4.39) 86.40 (4.33) 86.00 (3.16) 81.60 (4.34)
Session 8 79.17 (5.17) 78.00 (7.48) 84.50 (4.12) 86.50 (5.74) 87.00 (7.02) 86.75 (6.40) 81.50 (3.41)

Data presented as mean (standard deviation).
bpm = beats per minute; min = minutes; SUDS = Subjective Units of Distress Scale.
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Five of the eight participants had experienced an MVA,
although none was driving when the accident occurred.
This finding may indicate the influence of classic or
Pavlovian conditioning48 as well as operant conditioning
of avoidance behavior (negative reinforcement).49

Although there was no significant reduction in BDI and
HAM-A scores, it is important to note that the participants
already had low scores at baseline. Regarding STAI
scores, it is interesting to observe the significant reduction
in state anxiety scores. State anxiety can be defined as
fear, nervousness, discomfort, and arousal of the auto-
nomic nervous system induced temporarily by situations
perceived as dangerous. In turn, trait anxiety can be
defined as a relatively enduring disposition to feel stress,
worry, and discomfort. Thus, it is understandable that there
would be a change in state anxiety, but not trait anxiety,
scores after VRET.

Regarding QoL, we observed an increase in almost all
of SF-36 subscale crude scores, although there were
statistically significant differences for only two subscales
(vitality and mental health). Another article that investi-
gated QoL after VRET showed improvement in three
subscales – physical functioning, social functioning, and
mental health.18 We cannot state that a direct correlation
exists between improvement in FoD and better QoL; further
research is needed.

According to Jang et al.,8 heart rate can be used as an
objective measure for monitoring participant reactions
during VRET, and it may be useful for assessing the emo-
tional state of participants. There was a high correlation
between SUDS scale scores and heart rate in the present
studies. Both of these findings, as well as their correlation,
are important to show that subjective and objective mea-
sures can be combined to increase study reliability. Taken
together with the IPQ scores, the SUDS scores and heart
rate variation measured provide evidence that partici-
pants experienced a sense of presence during the expo-
sures; in other words, participants felt immersed in the
virtual environment.

It is important to point that our VRET protocol was
designed with progressive difficulties of generic driving
situations rather than with the driving stimuli specifically
feared by each subject in mind. This makes it impossible
to speculate as to the specificity of desensitization to
the phobic stimulus; however, we assume the possibility
that the reduction in state anxiety depends on a genericFigure 1 Subjective distress scores and heart rate over time

Table 5 Correlation between subjective discomfort scores and heart rate (n=8)

SUDS � bpm correlation 0 min 10 min 20 min 30 min 40 min 50 min

Session 1 0.627 0.721 0.530 0.868 0.698 0.882
Session 2 0.686 0.844 0.710 0.954 0.811 0.846
Session 3 0.773 0.855 0.741 0.819 0.335 0.832
Session 4 0.181 0.649 0.658 0.154 0.359 -0.079
Session 5 0.872 0.580 0.667 0.975 0.459 0.921
Session 6 0.918 0.200 0.200 0.900 0.763 0.328
Session 7 0.527 0.872 0.700 0.105 0.051 0.368
Session 8 0.600 0.316 0.500 0.800 0.800 0.316
Mann-Whitney U* 0.013 0.005 0.001 o 0.001 o 0.001

bpm = beats per minute; min = minutes; SUDS = Subjective Units of Distress Scale.
*p o 0.05.
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habituation effect. We intended to establish a standard
protocol with increasing degrees of difficulty in each chal-
lenge, and allowed the participants to drive freely in the
virtual environment.

Figure 1 shows a gradual decrease in discomfort scores
and heart rate during the subsequent exposures. Notably,
we can link the observed reduction in perceived discomfort
from one session to the next with the decrease in sense of
presence, i.e., the gradual decrease in IPQ scores, which
might suggest that enriching the virtual environment and
the apparatus (e.g., by tilting and shaking the car seat) may
be necessary to enhance perceived immersion in the
virtual environment.

This study points us to the findings of Wald and Taylor,4,5

who suggested that VRET alone may not be sufficient in the
treatment of driving phobia for some individuals, but can
play a useful role in the management of this condition and
could be used initially to facilitate subsequent in vivo expo-
sure, as it induces a sense of presence/immersion and can
reduce fear in patients. Furthermore, six of the eight parti-
cipants were able to experience in vivo exposure after the
VRET, and we confirmed that VRET posed no risk at all to
participants.

Despite these interesting results, our study has several
limitations, such as the small sample size; use of non-
parametric statistical methods; and the fact that we did
not record other physiological parameters of interest,
such as respiratory rate and electroencephalography.50 In
addition, it is known that more realistic forms of VR can
elicit more intense experiences of awe. Towards this end,
we intend to improve the software and apparatus used in
future studies.

To the best of our knowledge, this was the first expe-
rimental study of VRET for FoD conducted in Brazil. We
hope this will be an important first step for further investi-
gation on this issue. We encourage future studies to
assess whether the use of cognitive restructuring meth-
ods during the virtual exposure sessions could enhance
the reduction of anxiety levels in participants.
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