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Abstract

Objective—Virtual reality (VR)-based cue reactivity has been successfully used for the
assessment of drug craving. Going beyond assessment of cue reactivity, a novel VR-based
treatment approach for smoking cessation was developed and tested for feasibility.

Method—In a randomized experiment, 10-week treatment feasibility trial, 46 nicotine-dependent
adults, completed the10-week program. Virtual reality skills training (VRST) combined with
nicotine replacement therapy (NRT) was compared to NRT alone. Participants were assessed for
smoking behavior and coping skills during, at end of treatment, and at posttreatment follow-up.

Results—Smoking rates and craving for nicotine were significantly lower for the VRST group
compared to NRT-only group at the end of treatment. Self-confidence and coping skills were also
significantly higher for the VRST group, and number of cigarettes smoked was significantly
lower, compared to the control group at follow-up.

Conclusions—Feasibility of VRST was supported in the current study.

Keywords

addictions; behavior therapy; cognitive—behavioral; individual intervention; quantitative;
randomized experiment; virtual reality; nicotine dependence; coping skills; craving

Introduction

The social and economic costs of cigarette smoking are well documented (Centers for
Disease Control and Prevention [CDC], 2008). As a major health concern, cigarette smoking
has occasioned considerable investments and efforts aimed at cessation treatments; however,
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success rates have remained stubbornly low after decades of research. Clearly,
improvements in the effectiveness of current cessation programs are needed to more fully
address this major public health challenge.

Cognitive-behavioral therapy (CBT) to teach smokers problem-solving skills to resist the
temptation to smoke in high-risk situations has been used alone and in combination with
nicotine replacement therapy (NRT; Garcia-Vera, 2004). CBT is particularly well suited for
use in combination with the nicotine patch, as some studies have reported that cue-induced
cravings can be resisted when cognitive and behavioral coping skills are mobilized during
the craving episode (Araujo, Olivera, Pedroso, & Castro, 2009; Curry & Marlatt, 1985;
Ferguson & Shiffman, 2009; Shiffman, 1984). Others have found the combination of NRT
and CBT in general to be effective (Garcia-Vera, 2004). One of the strengths of CBT is the
ability of the client and practitioner to confront high-risk situations and practice coping skills
in a safe environment. However, the utility of this approach may be limited by the relatively
artificial clinic setting. The client must imagine risky scenarios, and role-play in a setting
that often lacks the proper smoking-related environmental context and, therefore, weakens
the transfer of learning to real-world situations. Ideally, CBT would be brought into real-
world settings (e.g., bar, party, and courtyard) that allow the client to learn and practice
coping skills in meaningful and realistic scenarios. This approach may improve the
effectiveness of CBT as a smoking cessation treatment, lead to better success rates, and help
minimize the impact of smoking-related health costs.

Virtual reality (VR), a technological medium that effectively immerses individuals into
realistic complex cue environments, appears an ideal tool to help improve the effectiveness
of CBT training. The VR system uses a head-mounted display with a tracking system which
responds to user movements by changing the scene being displayed in real time as if one
was looking around the environment. Directional stereo audio, graphics, vibration platforms,
and scent cues all add to the immersive experience for the participant. VR provides an
opportunity for treatment-seeking persons to safely develop and practice meaningful coping
skills while immersed within high-risk VR cue situations. While VR has not used in
substance abuse treatment, the ability of the technology to present complex cue
environments has been previously demonstrated effective in eliciting craving in smokers in
laboratory studies (Bordnick et al., 2004; Bordnick, Graap, Copp, Brooks, & Ferrer, 2005;
Traylor, Bordnick, & Carter, 2008).

These complex cue environments are appropriate for skill development and practice which
will enhance smoking cue exposure techniques. The opportunity to practice skills in
realistic, risky environments should engender realistic emotional responses which will
provide teachable moments for specific skills. Engaging in coping skills training in VR may
provide smokers with the additional support they need to more effectively resist cue-induced
cravings and therefore increase their abilities to remain abstinent.

The advantage of combining CBT training with VR is well supported by learning theory.
For example, State-dependent learning suggests that information learned in one state of
mind and body is more accessible for retrieval when a person is in the same state of mind
and body. Although clients can acquire some level of skill in the clinic setting, ultimately,
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according to Kanfer and Schefft (1988), *‘the center stage of therapeutic change programs is
not the therapist’s office but the world in which the client lives’” (pp. 234-235).

In addition, because VR offers an in-therapy experience that more closely resembles the real
world than the clinic, it handily fulfills several of the goals of systematic behavioral
assignments: (a) Facilitate generalization of newly learned behaviors from the safe
therapeutic setting to the client’s natural setting; (b) Guide client efforts in making specific
observations or obtaining information needed for the therapeutic process; (c) Permit access
to private behaviors that cannot be readily observed or treated in a therapist’s office; and (d)
Clarify the nature of behaviors that are vaguely defined at first and cannot be readily
observed or simulated in the therapeutic session (Kanfer & Phillips, 1966).

This study tested the feasibility of using a set of smoking-related VR environments for
virtual reality skills training (VRST) in a smoking cessation program. A two-group design
was used, with one group receiving nicotine replacement therapy only (NRTO) plus
(standard of care intervention) and the other group receiving NRT plus VRST. The primary
goal of the study was to evaluate VRST for feasibility as a treatment adjunct to CBT skills
training. The secondary goal of the study was to make basic comparisons in treatment
effectiveness between the two groups.

Eighty-six nicotine-dependent treatment-seeking cigarette smokers, referred by area
professionals or recruited through television and newspaper advertisements, initially
qualified for the study. The following inclusion criteria were used: having a Diagnostic and
Statistical Manual of Mental Disorders—Fourth Edition (DSM-IV; American Psychiatric
Association, 2000) diagnosis of nicotine dependence, being in self-reported good physical
health and between 18 and 70 years, having a sixth grade or higher English reading level.
Exclusion criteria included DSM-1V (American Psychiatric Association, 2000) diagnosis of
severe mental illness or other substance dependence (nicotine not included), current use of
psychotropic medications, pregnancy, history of seizures or seizure disorders, use of illicit
drugs in the past 30 days, or other significant health problems that would preclude
participation. Participants who were excluded were provided referrals to local smoking
cessation programs.

Design and Procedures

This study was approved by the Institutional Review Board (IRB) of a large university in the
Southeastern United States. The role of the IRB, along with study information, study
rationale, risks, and potential benefits were explained to participants at the intake screening.
After obtaining written informed consent, a member of the research team administered
questionnaires, rating scales, and breath carbon monoxide (CO) measures. Participants who
qualified were randomly assigned to one of the two 10-week treatment groups: Group 1—
NRTO (n = 42), who received only nicotine patch or Group 2—VRST + NRT (n = 44), who
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received the same nicotine patch schedule plus 10 weeks of VRST. Within 1 week of the
screening session, participants were scheduled for their first treatment session.

NRT medication dosing—~Participants in both groups were provided Nicoderm CQ™
(GlaxosmithKline, Philadelphia, PA) patches by a research nurse at weekly clinic visits. The
dosing schedule was the standard Nicoderm CQ 21 mg 10-week step-down regimen: 21 mg
patch (Weeks 1-6), 14 mg patch (Weeks 7 and 8), and 7 mg patch (Weeks 9 and 10). At
each weekly visit, participants were assessed by a research nurse for adverse events or
difficulties with the use of the Nicoderm CQ patches and for compliance. At Week 1, all
participants were provided instructions provided by the manufacturer on how to apply the
patch and use it properly over the course of the treatment program.

Treatment conditions. Group 1—NRTO—Participants in the NRTO group attended 10
weekly clinic visits to pick up NRT patches and to complete assessment instruments. NRTO
sessions were designed to deliver standard over-the-counter smoking cessation treatment as
instructed in product directions and to serve as a standard-of-care intervention.

Group 2—VRST + NRT—Participants in the VRST group attended 1 hr sessions weekly
for 10 weeks. During each visit, participants completed weekly assessment measures and
engaged in a VRST treatment session. VRST sessions were manual based, individualized
(e.g., preferred brand of cigarettes used in VR sessions), and conducted by a graduate-level
trained therapist. The VRST intervention combined CBT techniques and VR-augmented cue
exposure skills training conducted in VR. VRST session content was chosen based on the
National Institute on Alcohol Abuse and Alcoholism (NIAAA) Cognitive—Behavioral
Coping Skills manual (National Institute on Alcohol Abuse and Alcoholism [NIAAA],
1995) with modifications as required to adapt to VR therapy and smoking-specific items. A
VRST treatment manual was developed at the start of the study and combined CBT (relapse
prevention treatment) with VR cue exposure. During a typical VR session, while the
participant was immersed in the environment, the therapist used the VR scenario to assess
and teach coping skills. For example, the therapist would use the virtual party (with
smokers) to help the participant identify high-risk triggers and social situations that elicit a
strong desire to smoke. After triggers were identified, the therapist used the virtual party to
teach skills and strategies (e.g., managing craving, planning an exit strategy) to cope
effectively with the situation.

VRST provided exposure to real-world high-risk relapse scenarios described below.
Exposure and skills practice (e.g., CBT) in the VR scenarios was a main component of
treatment and was used in Sessions 1-9 to reinforce coping skills. The VRST therapist
guided participants in the VR scenarios and controlled all interactions and stimuli through a
real-time computer interface. Interactions and scenario difficulty allowed for specific skills
to be practiced or repeated if necessary. A key to VRST is that once a participant became
comfortable with a scenario and used positive coping skills, scenario difficulty was
increased. This process allowed the therapist to overtrain the participant to effectively cope
with extremely challenging smoking situations.
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VRST scenarios—All VR scenarios used advanced three-dimensional (3D) computer
graphics; 3D models with photo-realistic textures; integration of people for social
interactions; spatial surround sound audio cues; and scents, including cigarette smoke, beer,
pizza, and coffee, to produce interactive, immersive smoking scenarios that resemble real-
world environments and social interactions. Screenshots of the VR scenarios are presented
in Figure 1, and the clinical VR treatment setting is shown in Figure 2.

Party—This setting consisted of a loft-based party with an out-door patio where people
were smoking and drinking alcoholic and nonalcoholic beverages. Tasks included
developing and practicing skills involving interactions with other party guests, including
offers to join them in smoking.

Driving—This scenario consisted of a car interior and parking garage with various smoking
cues including a cigarette package and cigarettes. Traffic sounds contributed to the realism
of the environment and vibration was used to simulate movement. Participants walked
around a parking garage to their car, then drove in traffic, listened to radio messages, and
heard other drivers honking horns to increase stress. The participant’s brand of cigarettes
was placed on the dashboard in a prominent position to increase cue salience.

Restaurant—This scenario consisted of a restaurant where people were eating and
drinking. People smoking cigarettes outside the restaurant were visible from the inside of the
restaurant. In the restaurant, a waiter interacted with participants by taking orders for food
and drinks.

Office building and courtyard—This virtual environment consisted of an entrance to an
urban high-rise office building and a courtyard where people were sitting on park benches or
standing near commercial ashtrays, smoking, and drinking coffee. Participants walked
around the courtyard, passed the smokers, and entered the office building, encountering a
newsstand selling cigarettes.

Convenience store—This scenario included the inside and outside of a convenience
store. Outside, the participant was surrounded by cigarette advertising, smokers, ashtray
cans, and alcohol advertising. Cigarette brand representations that matched users’ preferred
cigarette types were selected to appear in the scenario. Participants navigated from the
outside pump area and entered the store where the cashier interacted with them.

Airport smoking lounge and gate—This setting consisted of an airport smoking lounge
and gate area where the participant observed people smoking, drinking coffee, and waiting
for flights.

Treatment fidelity and therapist training—The VR therapist was trained to deliver the
manual-based VRST intervention. To ensure treatment fidelity, the therapist completed
session checklists for all visits to verify that all content was addressed and presented
according to the VRST manual. Random sessions from both groups were videotaped and
reviewed for protocol adherence.
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Nicotine dependence and use. Structured Clinical Interview for the DSM-IV
(SCID I/P)—Participants were diagnosed as nicotine dependent using the SCID(First,
Spitzer, Gibbon, & Williams, 1996). The SCID was also used to exclude participants with
other mental illness or substance dependence diagnoses.

Smoking history—A self-report of smoking behavior was used to gather information
regarding years smoking, number of quit attempts, and current and past use levels during
screening.

The Fagerstrom test for nicotine dependence (FTND)—The FTND (Heatherton,
Kozlowski, Frecker, & Fagerstrom, 1991) was used to measure level of nicotine dependence
during screening.

Time line follow back/daily use level—A modified time line follow back (Sobell &
Sobell, 1995) was used to assess the number of cigarettes smoked per day at intake, weekly
sessions, and follow-ups.

Coping skills. Smoking Confidence Questionnaire (SCQ; Condiotte &
Lichtenstein, 1981)—A modified SCQ was used to assess confidence and self-efficacy of
participant’s ability to resist smoking. The SCQ consists of 44 high-risk scenarios under
which participants rate their ability to resist smoking. The SCQ has been used extensively to
assess coping skills in behavioral research studies. In addition, the SCQ is formulated based
on the Marlatt’s relapse prevention model (Condiotte & Lichtenstein, 1981; Schmitz, Spiga,
Rhoades, Fuentes, & Grabowski, 1999; Stevens & Hollis, 1989), so it was highly applicable
to assess coping skills in this study. The SCQ was used at baseline and follow-up (1, 2, 3,
and 6 months) posttreatment to monitor confidence in the use of coping skills after
participants were exposed to cues in their daily lives outside treatment.

Smoking abstinence self-efficacy (SASE)—The SASE (Diclemente & Prochaska,
1985) is a 20-item scale used to assess coping skills and confidence level of smokers to
resist smoking. The SASE lists 20 challenging situations, and smokers rate how confident
they are that they would be able to resist smoking in each situation on a scale from 1 (not at
all tempted) to 5 (extremely tempted). This instrument was administered each week during
treatment.

Craving. Brief Questionnaire of Smoking Urges (QSU-Brief)—The QSU-Brief
(Cox, Tiffany, & Christen, 2001) is an 11-item craving scale derived from the long version
of the QSU (Tiffany & Drobes, 1991). The QSU-Brief was administered at baseline and end
of treatment to assess craving and urges.

Cigarette Craving Visual Analogue scale (CCVAS)—The CCVAS was used to
measure cigarette craving at baseline and during weekly sessions. Participants were asked to
rate how they felt at this moment by selecting a position along a line anchored on the left by
not at all and on the right by extremely. The CCVAS consists of 6 items: | am thinking
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about how I can get cigarettes, | am thinking about the next time | will use cigarettes, | want
to buy cigarettes, | have the urge or desire to use cigarettes, and If | was offered a cigarette
I could resist. These items have been used in previous studies to measure craving for alcohol
and drugs of abuse with appropriate adjectival modification (Johnson, Chen, Schmitz,
Bordnick, & Shafer, 1998; Preston & Jasinski, 1991).

To simulate a typical clinic setting, no extraordinary measures (other than study
compensation) were used to motivate participants to remain in the study.

Treatment Enrollment and Attrition

NRTO—Of the 42 eligible participants in the NRTO, Group 7 (17%) dropped out before
their first treatment session. Of the 35 participants who started treatment in the NRTO
group, 25 (71%) completed the 10-week treatment.

VRST—Of the 44 eligible participants in the VRST, Group 8 (18%) dropped out before
their first treatment session. Of the 36 participants who started treatment in the VRST group,
21 (58%) completed the 10-week treatment. Using a 2 analysis, there was no significant
difference in the percentage of dropouts between groups.

Analysis of participants who dropped out at both stages of the study (during treatment or at
follow-ups) showed no significant differences between groups on demographic (e.g., age) or
smoking-related (e.g., cigarettes smoked per day) variables.

Table 1 summarizes the demographic and smoking characteristics of the study participants
who completed 10 weeks of treatment. There were no significant differences between
treatment groups at baseline on demographic or smoking-related variables.

Analysis of Preliminary Treatment Outcome

The following results are those from participants who completed 10 weeks of treatment (n =
46). A mixed analysis of variance was used for all analyses with group assignment (VRST
treatment, NRTO control) as between-subjects variables, while time points (week of
treatment) were included as within-subjects variables. Post quit data were analyzed in the
same manner, however, analyses at each follow-up were conducted on available data.
Because of the preliminary nature of this study, no intent-to-treat or survival analyses were
conducted.

End of Treatment

Cigarettes smoked—At the end of the 10-week treatment program, participants were
asked about their smoking using a time line follow back procedure for the previous 7 days.
The VRST treatment group reported smoking significantly fewer cigarettes in the previous 7
days compared to the NRTO control group, F(1, 44) = 4.4, p < .05, which was confirmed
with expired CO levels taken at the same time point, NRTO (M = 2.4, SD = .3.2) and VRST
(M = .65, SD = 1.2), F(1, 44) = 4.24, p < .05, np? = .14. See Table 2.
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Craving—At end of treatment, participants in the VRST treatment group (M = 1.3, SD =
0.5), compared to the NRTO group (M = 2.1, SD = 1.1), had significantly lower craving,
F(1, 44) = 6.9, p = .012, np? = .37, as measured by the QSU-Brief taken presession.

Measures of self-efficacy—At the end of treatment, both groups were assessed for self-
efficacy using the SASE. The NRTO group had significantly less self-efficacy (M = 2.5, SD
=1.2) than the VRST group (M = 1.7, SD = .72), F(1, 44) = 6.3, p < .02, np? = .125.

Long-Term Follow-Up

Confidence to resist smoking—Participants were assessed for confidence to avoid
smoking (SCQ) at intake, 1, 2, 3, and 6 months posttreatment. Treatment and control groups
did not significantly differ in these measures at intake; however, the VR treatment group had
significantly greater confidence to avoid smoking at 1-month posttreatment, F(1, 41) = 5.9,
p < .05, 2 months posttreatment, F(1, 35) = 8.9, p <.01, 3 months posttreatment, F(1, 31) =
9.4, p <.01, and 6 months posttreatment, F(1, 23) = 17.8, p <.001, see Figure 3. This
analysis includes all participants who were available to provide data at each time point.

Cigarettes smoked—Participants were assessed at each follow-up point using time line
follow back for the number of cigarettes smoked in the preceding 7 days, which was
converted into mean number of cigarettes smoked per day. The VR treatment group had
smoked significantly fewer cigarettes at 1-month posttreatment, F(1,39) = 6.6, p < .05, 2
months posttreatment, F(1, 34) = 5.2, p < .05, and 6 months posttreatment, F(1, 20) = 9.9, p
<.01 (see Table 2). Note that there was a trend toward significantly fewer cigarettes smoked
at 3 months posttreatment, F(1, 29) = 3.5, p = .07. This analysis includes all smokers who
were available to provide data at each time point.

Conclusions

The focus of this study was to examine the feasibility of a novel VR skills training
intervention for smoking cessation treatment. The treatment attrition data showed a modest
drop-out rate for both the NRTO and VRST groups, with the VRST group having slightly
more dropouts than the NRTO group. This difference may be due to the variable time
demands on the participants. The NRTO group had only a brief counseling session at each
treatment point, while the VRST group was required to complete a full training session.
Overall, these data suggest the VR training sessions were well tolerated and did not pose an
undue burden on the participants.

The preliminary results demonstrate that smokers who received VRST had significantly
lower craving and self-reported smoking compared to those who received NRTO when
assessed at the end of treatment and at 6 months follow-up. Moreover, self-efficacy was
significantly higher in the VRST group compared to the NRTO group at posttreatment and
at 1, 2, 3, and 6 months follow-up.

Differences in self-reported smoking rate, as verified by CO level, craving level, self-
efficacy, and coping skills (SCQ) in the VRST participants may be due to the ability to
practice active coping skills and relapse strategies during treatment sessions in realistic high-
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risk situations. The interactive VR environments were developed to provide exposure to
realistic smoking social interactions and contexts that parallel situations smokers encounter
in their daily lives outside the clinic while smoking, thus allowing clinicians to provide
exposure and coping skills training across a variety of scenarios. Follow-up data provide
initial support that skills acquired in VRST generalize to the real world. Assessment of self-
efficacy suggested that participants in the VRST group had increased confidence in the use
of coping skills in the real world which was evident at 6 months posttreatment.

These findings should be tempered with the following limitations. At present, it cannot be
determined whether the VR component of the additional training provided to the VRST
group was the primary factor in their success. That is, the same effects might have been
achieved through traditional coping skills counseling. Additional studies are needed to
replicate these findings and compare VRST to traditional coping skills training to explore
whether any additional benefit exists for using VR-based coping skills training.

In conclusion, the use of VRST appears to be a viable method to reduce smoking in
nicotine-dependent adults. The data presented provide initial evidence of the feasibility of
VRST-based treatment, and may offer advancements in treatment, by improving exposure to
realistic relapse scenarios in the clinical setting above what current counseling approaches
offer. Going beyond the current feasibility study, VRST can offer social work, psychiatry,
psychology, nursing, and counseling an innovative tool to enhance current CBT-based
interventions in substance abuse treatment and research. Future research focusing on the
unique components of VRST beyond traditional counseling, combined with long-term
follow-up assessments, is warranted.
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Figurel.
Screen shots of virtual reality (VR) scenarios.
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Figure2.
Virtual reality clinical equipment setup.
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Figure 3.
Smoking Confidence Questionnaire (SCQ) scores between groups at long-term follow-up.
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Table 1

Baseline Demographic and Smoking Characteristics by Treatment Group

NRTO VRST

Variable N=25 N=21
Age

M 46.2 479

SD 8.4 10.4
Gender (n, %)

Male 15, 60 9,43

Female 10,40 12,57
Ethnicity (n, %)

Caucasian 4,16 1,5

African American 20, 80 19,90

Hispanic 1,4 1,5
FTND score

M 5.9 6.6

SD 2.6 1.9
QSU score

M 4.5 4.2

SD 15 2.0
CCVAS

M 52.1 50.8

SD 18.4 23.8
SCQ

M 39.8 375

SD 19.5 16.9
SASE

M 4.0 3.8

SD 0.6 0.8
Number of years smoking

M 14.8 19.1

SD 10.8 9.1
Cigarettes smoked/day

M 26.4 245

SD 10.0 6.3

Note. CCVAS = Cigarette Craving Visual Analogue scale; FTND = Fagerstrom test for nicotine dependence; M= mean; NRTO = nicotine
replacement therapy only; QSU = questionnaire of smoking urges; SASE = smoking abstinence self-efficacy; SCQ = Smoking Confidence

Questionnaire; SD= standard deviation; VRST = virtual reality skills training.
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Table 2

Cigarettes Smoked by Treatment Group

Variable NRTO VRST
Intake
M 21.8 23.2
SD 6.2 7.9
N 25 21

End of treatment

M 24 0.65

SD 3.2 1.2

N 25 21
1 month

M 3.3 0.63

SD 4.0 1.2

N 25 16
2 months

M 3.0 0.74

SD 3.6 1.4

N 21 15
3 months

M 3.3 1.0

SD 3.9 25

N 18 13
6 months

M 7.4 0.41

SD 73 0.86

N 11 11

Note. M =mean; NRTO =nicotine replacement therapy only; SD =standard deviation; VRST =virtual reality skills training.
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