Journal of
CyberTherapy

& Rehabilitation

89

EDITOR-IN-CHIEF

Brenda K. Wiederhold, Ph.D., MBA, BCIA
Virtual Reality Medical Institute
Brussels, Belgium

Virtual Reality Medical Center

U.S.A.

MANAGING EDITOR
Daniel Stevens, LL.M.

Interactive Media Institute
Washington, D.C.

EDITORIAL BOARD

Mariano Luis Alcafiiz Raya, Ph.D.
Universidad Politécnica de Valencia
Valencia, Spain

Rosa M. Banios, Ph.D.
University of Valencia
Valencia, Spain

A.L. Brooks, Ph.D.
Aalborg University
Esbjerg, Denmark

Paul M.G. Emmelkamp, Ph.D.
University of Amsterdam
Amsterdam, Netherlands

Uri Feintuch, Ph.D.
Hadassah-Hebrew University
Medical Center

Jerusalem, Israel

ASSOCIATE EDITORS

Cristina Botella, Ph.D.
Jaume I University
Castello de la Plana, Spain

Stéphane Bouchard, Ph.D.

Université du Québec en Outaouais

Luciano Gamberini, Ph.D.
University of Padova
Padova, Italy

Giuseppe Riva, Ph.D., M.S., M.A.
Istituto Auxologico Italiano

Sun. I. Kim, Ph.D.
Hanyang University
Seoul, South Korea

Dragica Kozaric-Kovacic,
M.D., Ph.D.

University Hospital Dubrava
Zagreb, Croatia

Franz Muiller-Spahn,
M.D., Ph.D.
University of Basel
Basel, Switzerland

Gatineau, Québec, Canada Verbania, Italy
Tom Furness, Ph.D. José Luis Mosso, M.D.
University of Washington Regional Hospital No. 25 of the
Seattle, Washington IMSS
Mexico City, Mexico
Charles Hughes, Ph.D.
University of Central Florida Paul Pauli, Ph.D.
Orlando, Florida University of Wuizburg

Wiiizburg, Germany

Heidi Sveistrup, Ph.D.
University of Ottawa
Ottawa, Ontario, Canada

Richard M. Satava, M.D., F. A.C.S.
University of Washington
Seattle, Washington

Patrice L. (Tamar) Weiss, Ph.D.
University of Haifa
Haifa, Israel



Journal of CyberTherapy & Rehabilitation

Summer 2009
Volume 2, Issue 2

93 Editorial
B. Wiederhold

95 “The Virtual Reality-Cognitive Rehabilitation (VR-CR) Approach for Children with Autism”
M. Wang & D. Reid

105 “A Review of the Use of Virtual Reality in the Treatment of Phantom Limb Pain”
C. Murray
115 “Reactivity to Virtual Reality Immersions in a Subclinical Sample of Women Concerned with

Their Weight and Shape”
A. Aime, K. Cotton & S. Bouchard

127 “Side Effects of Immersions in Virtual Reality for People Suffering from Anxiety Disorders”
S. Bouchard, J. St.-Jacques, P. Renaud & B. Wiederhold

139 “Motivational Differences in Problem Video Game Play”
D. King & P. Delfabbro

151 “Violent Game Acceptance: the Influences of Aggression Tendency, Thrill Seeking and
Perceived Risk”
C. Wang & M. Yang

159 “Comforting Communication in an Online Epilepsy Forum”
C. Fullwood & N. Wootton

168 CyberFocus



Journal of CyberTherapy & Rehabilitation
Summer 2009, Volume 2, Issue 2
© Virtual Reality Medical Institute

93

EDITORIAL

Welcome to the Summer 2009 issue of the Journal of CyberTher-
apy & Rehabilitation (JCR). We are pleased to bring the fifth
issue of our publication to readers, critics and researchers around
the world. Our peer-reviewed academic journal explores the uses
of advanced technologies for therapy, training, education, pre-
vention and rehabilitation. JCR is a quarterly-published aca-
demic journal, unique in the fact that it focuses on the rapidly
expanding worldwide trend of applying ground-breaking tech-
nology towards the field of healthcare. Psychiatry, psychology,
physical medicine and rehabilitation, neurorehabilitation, oncol-
ogy, obesity, eating disorders and autism continue to be main
areas of interest studied by JCR.

Since our inaugural issue, JCR has received attention from peers,
international institutions and international conferences. A common
thirst for new knowledge and application of cutting-edge technolo-
gies to better the lives of others drives this diverse group of people
towards a similar goal. Advanced technologies, such as robotics,
adaptive displays, E-health, virtual reality (VR) and non-invasive
physiological monitoring are now applied to many diverse fields
of healthcare. As this body of research is added to, patients, doctors
and therapists can look towards a hopeful future and new ways to
treat mental and physical disorders. The content of this issue of
JCR reflects our diversity, featuring such topics as VR immersions,
the effects of video game playing and online forums to treat suf-
ferers of disease.

In the first article Wang and Reid explore the application of a virtual
reality-cognitive rehabilitation (VR-CR) approach in treating
autism in children. In this study, virtual reality (VR) was used as
an interactive, cognitive-focused treatment which allowed for
greater flexibility than traditional methods for treating autism.

Next, Murray presents research based on the treatment of phan-
tom limb pain in amputees using VR. Studies using research
stemming from traditional “mirror-box” methods were con-
ducted and Murray looks closely at three VR systems that were
implemented in the treatment of phantom limb pain.

In the third article, Aime, Cotton and Bouchard take a close look
at women suffering from eating disorders and implement VR as
an experimental new form of treatment for these patients. VR im-
mersions were conducted to assess whether or not treatment was
successful in helping women suffering from eating disorders as
well as overall concern over their weight and shape.

Bouchard, St-Jacques, Renaud and Wiederhold, in the fourth
manuscript, address the side effects of immersions in VR for people

suffering from anxiety disorders. In this study, researchers used a
sample group of patients suffering from anxieties of various types
and measured reports of side effects before and after VR immer-
sions to determine whether or not patients and therapists should be
concerned about the lasting complications of side effects.

In the fifth paper, King and Delfabbro present findings on re-
search detailing motivational differences in video game play.
Factors that were considered include motivation to play video
games, intrinsic and extrinsic motivations, and total time spent
playing. These findings can be used to help video game players
determine if their playing behavior points to a problematic level
of involvement.

In another article addressing video game playing, Wang and
Yang explore the relationships between thrill seeking, perceived
risk and aggressive tendencies and how these factors relate to
the acceptance of playing violent video games. Behavioral in-
tention was also closely studied as well as differences in male
and female gaming styles.

Lastly, Fullwood and Wootton examine the possibilities of com-
puter-mediated communication (CMC) to help patients deal with
emotionally-sensitive issues. To do so, an online support forum
produced by the National Society of Epilepsy was used. Key fac-
tors, such as anonymity and willingness for disclosure, were
studied and used to determine whether CMC meets criteria for
offering support to sufferers.

Future issues of JCR will continue to explore the ways in which
healthcare, in Europe and worldwide, can benefit from innova-
tive applications of technology. I would like to sincerely thank
the contributing authors for their inspiring work and dedication
to this field of research. I also want to thank JCR’s Associate Ed-
itors — Professor Botella, Professor Bouchard, Professor Gam-
berini and Professor Riva for their leadership and hard work, as
well as our internationally renowned Editorial Board for their
contributions. We encourage readers and subscribers to contact
us with ideas and manuscripts. Thank you again for your support
of JCR. We look forward to providing you with more ways in
which technology is contributing to increased quality of life in
citizens of the world.

Brenda K. Wiederhold, Ph.D., MBA, BCIA
Editor-in-Chief, Journal of CyberTherapy & Rehabilitation
Virtual Reality Medical Institute
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THE VIRTUAL REALITY-COGNITIVE REHABILITATION
(VR-CR) APPROACH FOR CHILDREN WITH AUTISM

Michelle Wang' and Denise Reid?

Children with autism and their families lack treatment options that directly target the cognitive impairments that are
characteristic of autism spectrum disorders. The objective of this paper is to present an interactive, cognitive-focused
treatment approach that is suggested to complement current treatments for children with autism. We present a brief the-
oretical overview of the VR-CR approach, followed by a discussion of how the VR-CR approach can and has been put
into practice using autism-specific teaching principles. Recommendations for future research are provided.

Keywords: Autism, Virtual Reality, Cognitive Rehabilitation, Cognitive Education

INTRODUCTION

Autism or autism spectrum disorders (ASD) refer to a group of
neurological disorders that are characterized, in differing degrees,
by three core behavioral elements — impairments in social inter-
action, deficits in communication skills and the absence of imag-
ination, as manifested in restricted repetitive and stereotypic
behaviors (APA, 2000). Research in the field of autism has grown
enormously in the past few decades, particularly in generating ev-
idence for underlying cognitive impairments and establishing prin-
ciples of effective practice. However, current treatments for autism
have been slow to adapt and assimilate this knowledge. The ma-
jority of current interventions for autism continue to target specific
problem behaviors rather than cognitive impairments and often do
not adhere to evidence-based practice (Jones & Jordan, 2008).

There is a new treatment approach that has the potential to apply
the recent research findings into clinical and educational prac-
tice. This approach integrates cognitive rehabilitation with vir-
tual reality technology (Rizzo, Schultheis, Kerns & Mateer,
2004). Traditional theories and programs of cognitive rehabili-
tation provide the requisite knowledge and strategies to effec-
tively address autism-specific cognitive impairments, while
advances in virtual reality technology enable principles of effec-
tive practice to be incorporated into the treatment tool itself. In-
terventions that integrate virtual reality (VR) technology with
traditional methods of cognitive rehabilitation (CR) can be con-
sidered the “VR-CR approach.”

This paper provides an overview of the key principles of the
Virtual Reality-Cognitive Rehabilitation (VR-CR) approach
and how these principles can be applied to develop a VR-CR
application for children with autism. Although the develop-
ment of a VR-CR application includes purchasing hardware
and programming software, this paper will neither discuss the
technical aspects of equipment nor programming. This paper
focuses primarily on the theoretical and practical concepts be-

Corresponding Author:

hind remediating specific cognitive impairments in children
with autism.

THE THEORETICAL FRAMEWORK OF THE VR-CR APPROACH

The Virtual Reality-Cognitive Rehabilitation (VR-CR) approach
is an integration of the theoretical framework of traditional cog-
nitive rehabilitation programs and the interactive capabilities of
virtual technology (Rizzo, 1997). Traditional cognitive rehabili-
tation (CR) has focused primarily on retraining and improving the
cognitive abilities of individuals with brain injury in areas such as
attention, memory and executive functions (Sohlberg & Mateer,
1989). Although the field of cognitive rehabilitation benefited
carly on from the use of computers, the evolution of virtual reality
technology has facilitated even greater user engagement and mo-
tivation in cognitive exercises that are typically repetitive and
highly structured (Rizzo, et al., 2004).

THE ‘VR’ oF VR-CR

Virtual Reality (VR) is defined as a simulation of the real world
using computer graphics. Users are able to interact, in real-time,
through multiple sensory channels including sight, sound, touch
and sometimes even smell (Burdea & Coiffet, 2003; Self, Ros-
alind, Weheba & Crumrine, 2007). A VR system provides the user
with a three-dimensional sense of immersion or “being there”
within the virtual environment (Pimental & Teixeira, 1995). Many
VR systems require the use of wearable equipment, such as head-
mounted devices. Projected VR systems, on the other hand, are
able to capture the user’s actions with specialized cameras without
the burden of such equipment (Burdea & Coiffet, 2003). VR is
gaining support as an effective tool in the therapy and rehabilita-
tion sectors because of its potential to engage and motivate users
while retaining its therapeutic effectiveness (Harris & Reid, 2005).
Rizzo and Kim (2005) offer insight into the potential of VR and
said, “[using VR] in the therapy and rehabilitation sciences ... rep-
resents more than a simple linear extension of existing computer
technology for human use. VR offers the potential to create

Michelle Wang, Graduate Department of Rehabilitation Science, University of Toronto, 160-500 University Ave., Toronto, Ontario, mjwang@utoronto.ca
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systematic human testing, training and treatment environ-
ments that allow for the precise control of complex, immer-
sive, dynamic 3D stimulus presentations, within which
sophisticated interaction, behavioral tracking and perform-
ance recording is possible” (Rizzo & Kim, 2005, p.119). Its
inherent capacity for both structure and flexibility make VR
an ideal complement to traditional cognitive rehabilitation.

THE ‘CR’ oF VR-CR

The VR-CR approach retains the underlying theoretical principles
of traditional cognitive rehabilitation. These principles originate
from Luria’s theory of brain organization which emphasizes inte-
grated brain function and stresses that various parts of the brain
work in coordination rather than in discrete functional units (Luria,
1980). Luria argued that cognitive function as a whole can be re-
stored through repetitive training exercises that specifically target
the impaired component processes. This repetition allows the lost
connections to be re-learned and re-established (Luria, 1980;
Sohlberg & Mateer, 1989). This concept of “neuroplasticity,” or
the ability of the brain to repair itself and create new connections,
forms the foundation of the VR-CR approach (Rizzo & Buckwa-
ter, 1997).

There are two general techniques used to rehabilitate cognitive
functions — restorative and compensatory (Sohlberg & Mateer,
1989). Restorative approaches focus on retraining specific im-
paired cognitive processes such as attention, memory or logical
thinking. Restorative training involves cognitive exercises that
are highly repetitive and often monotonous. These activities
are not specific to any one behavior or task. Compensatory ap-
proaches, on the other hand, focus on training cognitive strate-
gies that are task-specific. These strategies often recruit other
cognitive processes, rather than the impaired processes, as al-
ternatives to complete a particular task. These exercises usu-
ally do not improve the impaired cognitive process, however,
task performance is generally enhanced (Sohlberg & Mateer,
1989). Both types of cognitive training can be integrated into
a VR-CR application. Choosing the type of training will de-
pend on the needs of the individual and the goals of therapy.

PUTTING IT TOGETHER

Traditional cognitive rehabilitation is widely critiqued for
poor ecological validity, which is the degree to which the
training situation is similar to the real world (Neisser, 1978).
This then extends to poor generalization of skills, or the ap-
plication of newly-learned skills to situations outside of the
training environment. This issue is particularly relevant to
cognitive retraining programs, as these programs typically
break down target behaviors and skills into small components
and teach them in artificial training environments (Rizzo et
al., 2004).

Integrating virtual reality technology into cognitive programs
presents a solution to this problem. VR has the capacity to sim-
ulate realistic scenarios in which users can interact, while still
allowing the instructor to maintain control over the therapeutic
activity. There is growing support from rehabilitation researchers
for the use of the combined VR-CR approach (Rizzo et al., 2004;
Fidopiastis et al., 2006). This interest has not extended beyond
the areas of brain-injury and stroke, yet there is a significant
overlap in the cognitive deficits of individuals with brain injury
and those with autism, such as deficits in executive functions,
problem-solving, language, reading and self-regulation (Ci-
cerone, et al., 2005; Hill, 2004). In addition, there are similarities
between traditional strategies of cognitive rehabilitation and
autism-specific principles of effective practice, particularly with
highly-structured activities (Iovannone, Dunlap, Huber & Kin-
caid, 2003; Sohlberg, et al., 1989). Virtual reality makes cogni-
tive programs accessible to children with autism through its
capacity to engage children, to provide structured yet individu-
alized activities and to address their weaknesses while building
on their strengths. The following section discusses how VR-CR
applications can integrate rehabilitation and educational strate-
gies that are specific to children with autism.

INCORPORATING PRINCIPLES OF EFFECTIVE

PRACTICE FOR CHILDREN WITH AUTISM

There are four major principles of effective practice specifically
for children with autism —structured environments, systematic
instruction, program individualization and an emphasis on gen-
eralization (Dunlap, lovannone & Kincaid, 2008; Hurth, Shaw,
Izeman, Whaley & Rogers, 1999; lovannone, Dunlap, Huber &
Kincaid, 2003; Schopler, Mesibov & Hearsey, 1995). These prin-
ciples are easily incorporated into VR-CR applications due to
the flexibility and control with which VR-CR applications are
designed.

1. STRUCTURED LEARNING ENVIRONMENT

Children with autism function best with predictability during
their day and thus require additional supports to help them an-
ticipate future events and understand what behaviors are ex-
pected of them (Myles, Grossman, Aspy, Henry, & Coffin,
2007). An instructor can create a structured learning environment
by modifying both the physical environment and the program it-
self. A structured physical environment is less cluttered and dis-
tracting than a typical environment. Additional supports, such as
visual labels and schedules, may also be incorporated, particu-
larly to facilitate changes to or transitions in everyday routines
(Dettmer, Simpson, Myles & Ganz, 2000; Rogers, 1999). A
structured program requires a defined curriculum with predeter-
mined learning goals and behavioral expectations that are clearly
understood by both the instructor and the child (Olley & Reeve,
1997). In a structured learning environment, the child is aware
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of what they are expected to do during the learning sessions. This
maximizes their success on the tasks (Hurth, et al., 1999; lovan-
none, et al., 2003).

Cognitive rehabilitation programs are typically highly structured
and designed to target cognitive impairments at a fundamental
level. The difficulty of each activity is increased progressively
until the child performs at a level of “mastery” on the task
(Sohlberg, et al., 1989). For example, a series of exercises tar-
geting sustained attention might require the child to attend to a
certain scene initially for only five seconds. The activity then re-
quires progressively longer durations of sustained attention until
the child has reached the final goal, say five minutes. Such rep-
etition requires the instructor to present the same exercises over
and over in a consistent manner, so as not to confuse the child
or introduce unintentional variation within the task. Virtual re-
ality can remove this burden from the instructor, as it has the
“capacity to systematically deliver and control dynamic, inter-
active 3D stimuli within an immersive environment” (Rizzo, et
al., 2004, p. 211). Having complete control over the design of
the VR task allows both physical and program-related structure
to be built into the VR-CR application. Visual schedules and sup-
ports can be integrated and the environment can be simplified
according to the demands of the cognitive training task and needs
of the child.

2. SYSTEMATIC INSTRUCTION

Systematic instruction requires establishing meaningful goals
for the student and creating a specific, direct instruction plan
that facilitates the achievement of these goals (Dunlap, et al.,
2008). When identifying meaningful goals for a VR-CR pro-
gram, it is important to distinguish between skills and activities.
Skills are considered the general, underlying abilities that allow
children to perform a variety of specific activities (Dunlap, et
al., 2008). The VR-CR application should focus on teaching the
cognitive skills (i.e. planning) that are necessary for everyday
activities (i.e. brushing teeth, dressing).

The teaching strategies that are the most effective with autistic
children rely on basic behavioral principles, which “represent
the standard of a systematic orientation to instruction” (Dunlap,
et al., 2008). Children with autism benefit from having an “ex-
pert” guide them through the learning process using verbal and
nonverbal instruction, prompts, repetition and reinforcement.
Guided instruction and step-by-step prompts promote an error-
less learning environment (see Wilson and Evans, 1996 for a re-
view of this teaching strategy). The learning process in this
environment is not completely errorless per se, but with contin-
uous support from the instructor the child makes fewer errors
on the task. Minimizing errors and maximizing success rein-
forces the child’s desire to complete the task accurately and
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leads to gains in confidence (Myles, et al., 2007; Schopler, et
al., 1995). Prompts act as a learning aid and may be physical
(i.e. hand-over-hand), verbal or gestural (i.e. pointing). Rein-
forcement after a task should be immediate and may be given
after each correct response or intermittently (Schopler, et al.,
1995). The type and intensity of instruction, prompts and rein-
forcements should be tailored to the individual child. Thus, the
instructor must take the time to understand each child’s unique
motivations. This entire process of instruction, prompting and
reinforcement is repeated for each stage of skill learning
(Magliaro, et al., 2005).

Having control over the design of the VR-CR application facil-
itates the incorporation of systematic teaching strategies. Instruc-
tions, cues and prompts can be integrated into each stage of the
task. The VR-CR application can also provide “immediate per-
formance feedback in a variety of forms and sensory modalities”
(Rizzo, et al., 2004). Thus, VR-CR applications are well-suited
to providing an errorless learning environment which will serve
to facilitate engagement and ultimately, increase learning. How-
ever, it is important to note that the VR-CR application is not
meant to replace the instructor. Rather, the instructor is essential
to guide and monitor the child throughout the entire process. The
role of the instructor highlights the importance of “individual-
ization;” ensuring that there is an ideal fit between the child and
the activity.

3. INDIVIDUALIZATION

Each child with autism is remarkably unique, which is why the
disorder is defined on a spectrum. Due to the inherent heterogene-
ity of this disorder, one cognitive program cannot possibly ad-
dress the needs of all autistic children (Wolf, Fein & Akshoomoft,
2007). Because traditional cognitive rehabilitation programs are
typically prescriptive, integrating VR adds the flexibility required
to individualize the task for each child. Dunlap and colleagues
(2008) emphasize the need for the instructor to take the time to
determine each child’s profile of strengths and weaknesses so that
the program can be tailored for that child.

Individualization of the VR-CR application can be achieved in
four ways. First, a battery of neuropsychological assessments
should be used to determine the cognitive impairments that need
to be addressed in treatment. Second, the child’s own interests
and preferences should be integrated into the program in order
to maximize engagement, which is one of the strongest predic-
tors of successful learning (Hurth, et al., 1999; Logan, Bakeman,
& Keefe, 1997; Rogers, 1999). This can be done, for example,
by integrating a child’s preferred cartoon character or favorite
song into the program. Third, the complexity of the virtual envi-
ronment can be modified. Decreasing the complexity of the en-
vironment may serve to increase attention and minimize
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distractions. In addition, as many children with autism are over
or under-sensitive to sensory stimulation, modifying the envi-
ronmental complexity may increase the comfort and willingness
of the child to engage in the activity (Baranek, 1999, 2002; Har-
rison & Hare, 2004). Finally, autistic children frequently display
superior abilities in visual learning and memory (Mesibov,
Schopler & Hearsey, 1994). These strengths can be integrated
into a VR-CR application through visually-presented activities
and the addition of visual supports such as schedules or video-
modeling (Darden-Brunson, Green, & Goldstein, 2008). Both
visual schedules and video-modeling have been shown to be ef-
fective teaching tools for children with autism (Odom, et al.,
2003; Thelen, Fry, Fehrenbach & Frautschi, 1979).

As mentioned in the previous section, the importance of the in-
structor is not to be overshadowed by the VR-CR application (Ci-
cerone, et al., 2000; Cicerone, et al., 2005). The instructor must
be present to provide additional scaffolds that may vary according
to the child’s immediate needs. This may involve integrating other
forms of motivation or reinforcement, such as edible rewards or
additional verbal feedback. It is the instructor’s responsibility to
ensure that the fit between the VR-CR activity and the child’s
cognitive needs and abilities is maximized and that the child is
progressing toward his or her goals. However, achieving these
goals does not signal the end of the intervention. Facilitating the
maintenance and generalization of the newly learned skills is one
of the most important, but most difficult, objectives to achieve
with children with autism.

4. GENERALIZATION

Children with autism are notorious for failing to transfer learned
skills to new environments (Howlin, 1998; Iovannone, et al.,
2003). Therefore, incorporating specific strategies to maximize
generalization is a significant part of intervention planning.
Ghezzi and Bishop (2008) offer a few principles of generalization
to consider; reinforce the use of the skill in a variety of contexts,
use a variety of teaching materials and specific instruction meth-
ods, make the teaching environment similar to the real environ-
ment, teach the rules and principles behind the skill rather than
just the skill itself, and include natural stimuli and reinforcers.

The greatest asset of VR-CR applications is the ease with which
they are able to incorporate these generalization principles (Rizzo,
et al., 2004). A variety of well-controlled environments can be
designed with natural stimuli, cues and feedback. VR-CR appli-
cations are fundamentally designed to simulate real-life situa-
tions, thus, there is a high degree of ecological validity, which is
lacking in both traditional cognitive and behavior-focused inter-
ventions. After practicing cognitive skills within multiple, diverse
virtual scenarios, the autistic child will be significantly more
likely to transfer the new skill set to real situations (Rizzo, et al.,

2004). Because cognitive rehabilitation alone is insufficient to
promote generalization, VR is the bridge necessary to promote
the transfer of skills in children with autism.

The combination of CR strategies with VR technology creates a
unique approach that can address the cognitive deficits in autism
within an environment that can be tailored to each child’s unique
learning needs. In the next section we discuss how the VR-CR
approach can be used creatively and effectively to address three
major cognitive impairments found in children with autism — im-
pairments in imagination, planning, and flexibility.

THE VR-CR APPROACH IN PRACTICE

There are three strategies through which VR-CR applications can
be developed and applied in the field of autism. The first is by
modifying existing VR-CR applications created for other special
populations. The second strategy is by transforming non-VR cog-
nitive activities into VR-CR applications and thirdly by creating
completely novel VR-CR applications specifically for children
with autism. This section will briefly describe three key cognitive
impairments that are typical of children with autism and will then
discuss how the above strategies have been used or can be used
to address them.

COGNITIVE IMPAIRMENTS IN AUTISM

Given the scope of this paper we will address only three cognitive
impairments — deficits in imagination, planning and cognitive
flexibility. The latter two are often grouped under the umbrella
term “executive functions.”

A deficit in imagination, or the ability to think abstractly, is one
of three core deficits that characterize autism (Wing & Gould,
1979). To think abstractly requires one to think about something
concrete in a non-concrete way or in a way that is not explicitly
perceivable. Current diagnostic tools for autism tend to define
imagination deficits in terms of specific, related behaviors. These
include a preference for particular routines and rituals, and the
presence of restricted, repetitive and stereotyped behaviors (APA,
2000). In children with autism, this restricted pattern of behavior
is often seen in their lack of pretend or symbolic play, as this type
of play requires a non-literal way of thinking (Jarrold, 2003).

Executive functions are a collection of mental processes that are
believed to be mediated by the prefrontal cortex (Duncan, 1986;
Stuss, 1992). These processes are involved in planning and ex-
ecuting goal-oriented behavior. They include abilities such as in-
hibition of preferred responses, flexibility in thought and
behavior, abstracting and generating concepts, working memory
and organizing a complex response (Ozonoff, 1991; Ozonoff,
Pennington & Rogers, 1991). The similarity between patients
with prefrontal brain damage and children with autism initially led
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to the hypothesis that children with autism may have executive
functioning problems (Ozonoff, et al., 1991). These similarities
include a need for sameness, a tendency to repeat movements and
verbal expression, difficulty in switching attention and an inability
to inhibit impulses (Rajendran & Mitchell, 2007). Executive func-
tioning has been shown to predict the severity of repetitive behav-
iors as well as the level of social understanding in autistic
individuals (Berger, Aerts, van Spaendonck, Cools & Teunisse,
2003; Berger, et al., 1993; South, Ozonoff & McMahon, 2007).
The two major executive functions that are impaired in children
with autism are planning and cognitive flexibility (Hill, 2004).

Planning requires one to carry out a preconceived sequence of
actions and to modify this sequence according to changes in the
situation. Aside from observing everyday activities that require
planning, there are standardized neuropsychological assessments
that evaluate planning abilities. These tests include the Tower of
Hanoi (Welsh, Pennington, Ozonoff, Rouse & McCabe, 1990) or
Tower of London (Shallice, 1988) and require the child to move
a prearranged set of disks from one peg to another in as few
moves as possible and following specific rules. Individuals with
autism perform poorly on these planning tests as compared to
normal controls, individuals with dyslexia, ADHD and Tourette
syndrome (Ozonoff, 1991, 1995; Ozonoft, Strayer, McMahon &
Filloux, 1994).

Cognitive flexibility is the second executive function that is im-
paired in individuals with autism. Cognitive flexibility is the abil-
ity to hold multiple representations of the same object in mind
and mentally focus on individual representations according to the
situation at hand (Jacques, 2001). Cognitive flexibility can be as-
sessed using the Wisconsin Card Sorting Test (Berg, 1948). This
test requires the child to sort stimulus cards based on dimensions
of color, shape and number. The child must infer the sorting cri-
teria by using the feedback received from the examiner. The child
must be adaptive and flexible in changing his or her sorting strat-
egy when the sorting criteria changes without explicit notice. In-
dividuals with autism, both children and adults, perform poorly
on this test as compared to normal controls. Individuals with
autism adapt less quickly to changes in sorting criteria and make
a greater number of errors (Ozonoff, et al., 1991; Prior & Hoft-
man, 1990; Rumsey, 1985).

The following studies represent the few studies that adequately
demonstrate the three strategies used to translate the VR-CR ap-
proach applicable to practice within the field of autism rehabilitation.

STRATEGY 1: MODIFYING EXISTING VR-CR APPLICATIONS
PLANNING

Two recent studies have used the VR-CR approach to address im-
pairments in planning skills in individuals with brain damage or

99

stroke. The VR-CR applications from these studies can be used,
with modifications, as VR-CR applications to target planning
deficits in autism.

Fidopiastis and colleagues (2006) created a virtual kitchen for a
male-patient, aged 48, with frontal lobe damage from an aneurysm
and subsequent planning deficits. The patient received instruction
and reinforcement for carrying out the correct sequence of steps
for making cereal in the virtual kitchen. Significant improvements
were found in the speed and accuracy with which the patient was
able to locate the desired objects (i.e. cereal, bowl, spoon, milk)
and the order with which he performed the action sequence (Fi-
dopiastis et al., 2006). This preliminary case study suggests that
planning behaviors can be improved using virtual environments.

Lam (2006) also focused on the ability to plan and execute goal-
directed behaviors. Fifty-eight individuals with stroke-related cog-
nitive impairments were taught to use the Mass Rapid Transit
(MRT, the subway system in Hong Kong) over 10 sessions in a vir-
tual MRT environment. Overall, the group showed improvements
in both their actual MRT skills in the real context, as well as their
feelings of self-efficacy of using the MRT (Lam, et al., 20006).

Verification of cognitive changes using neuropsychological as-
sessments as well as generalization tasks should be incorporated
into future studies of this type. Overall, these two preliminary stud-
ies demonstrate the potential impact that VR-CR applications can
have on remediating cognitive planning skills. Future studies fo-
cused on children with autism can build on these VR-CR applica-
tions by incorporating more child-relevant tasks. For example,
children with autism can be taught to perform activities in the vir-
tual kitchen such as setting the table or putting the dishes away. In
addition, modifications to the MRT program could be made in
order to allow children to practice the planning skills required to
use public transit, such as lining up, paying the fare, making a
transfer and getting off at the correct stop. Mastering these skills
may reduce the burden on parents concerned about their child’s
safety in such situations. In accordance with the principles of gen-
eralization discussed earlier, VR-CR programs should incorporate
multiple opportunities to practice planning skills in a variety of
virtual environments.

STRATEGY 2: TRANSFORMING NON-VR COGNITIVE ACTIVITIES
INTO VR-CR APPLICATIONS

CoGNITIVE FLEXIBILITY

An alternative approach to modifying a VR-CR application is to
transform existing non-VR cognitive programs into interactive
virtual ones. Pugnetti and colleagues (1995; 1998) did this by
creating a virtual-based Wisconsin Card Sort Task. The VR-
WCST was created as an ecologically-valid assessment of
cognitive flexibility in which the user had to navigate through
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a virtual building and go through different doors that varied
according to their shape, size, color and number of portholes.
The users had to choose the correct doorways according to the
feedback received from the virtual environment. Similar to the
original WCST (Berg, 1948) the user was forced to modify his
or her strategies based on the feedback provided (Pugnetti, et al.,
1998; Pugnetti, et al., 1995). The next step of this VR-CR appli-
cation development process is to evaluate the VR-WCST as a
cognitive flexibility training tool. Children with autism would
be able to learn and practice cognitive flexibility in a realistic
and relevant situation. The VR-WCST can also be used as a pro-
totype in designing other similar cognitive flexibility activities,
such as decorating a cake. In this hypothetical activity the child
would decorate a cake with particular colored sparkles and candy
based on the feedback received. Having the child practice their
cognitive flexibility in multiple virtual scenarios would increase
the likelihood of that child becoming more flexible in natural,
everyday situations.

STRATEGY 3: CREATING NOVEL VR-CR APPLICATIONS FOR CHIL-
DREN WITH AUTISM

IMAGINATION

This section presents the only study that effectively and compre-
hensively uses the VR-CR approach with children with autism.
Herrera and colleagues (2008) designed a VR-CR application
called “I am going to act as if...” to teach two children with
autism, ages eight and 15, the concept of abstract or imaginative
thinking. Their VR-CR application simulated a virtual supermar-
ket and was presented using state-of-the-art touch-screen tech-
nology. The children were instructed to interact with common
grocery items in progressively more abstract ways. First, in a
functional or useful way, next in a symbolic or pretend way and
finally, in a magical or imaginative way. During each stage, the
children witnessed the transformation of the item from its original
form to its magical form. After 28 sessions of 20-30 minutes each,
over two and a half months, both children showed significant im-
provements on standardized measures of symbolic play (Test of
Pretend Play, structured and unstructured; Lewis and Boucher,
1997), as well as on non-standardized tests of imagination under-
standing and magic understanding (Herrera, et al., 2008).

This study successfully incorporates the essential components of
the VR-CR approach — targeting a cognitive construct and inte-
grating principles of effective practice. The VR-CR application
itself was designed specifically to target the cognitive ability of
abstract thought. Abstract thought, pertaining to the use of con-
crete objects, was broken into hierarchical components — func-
tional use, functional play, imaginary play and finally creative
use. The instructor worked with each child on each stage progres-
sively using a structured, systematic teaching approach. The vi-
sual effects of the VR technology allowed the children to witness
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and participate in the imaginary and magical transformations of
objects, such as a pair of pants transforming into a highway. Being
immersed in these transformations facilitated the children’s un-
derstanding of the concept of abstract thought. Moreover, the in-
structor was constantly present to monitor the child’s progress
and provide extra verbal or physical support. Lastly, video mod-
eling was incorporated within the VR-CR application as well. Fu-
ture studies in the VR-CR field would benefit from using this
study as a model when designing VR-CR applications for chil-
dren with autism.

COGNITIVE FLEXIBILITY

At the University of Toronto, we have designed a VR-CR applica-
tion for children with autism that targets cognitive flexibility in the
realm of object processing. Objects are multi-dimensional, and
thus, contextual information is necessary to determine which di-
mension is relevant in a particular situation (Bar, 2004). In fact,
every object is represented in the brain in multiple forms. Each
form emphasizes a particular dimension of the object (i.e. color or
function). Thus, the brain must be flexible in choosing the appro-
priate mental representation of the object depending on the avail-
able contextual cues (Bar, 2004; Bar & Aminoff, 2003). The
VR-CR application in our lab was designed to target the cognitive
flexibility required to switch between different representations of
the same object. The fundamental principles of effective practice
with children with autism have been integrated into the design of
this application. Cues and reinforcement have been integrated into
the VR-CR application. The instructor is also present to guide each
child through the different stages of the activity using verbal and
nonverbal instructions, prompts and feedback. During the virtual
activity, the child is required to draw associations between common
objects and different contexts. Each target object can be matched
with multiple contexts and each context may also be appropriate
for multiple target objects. The purpose of the activity is to enforce
flexible thinking about common objects, in terms of their relative
meanings in changing contexts. The efficacy of this VR-CR appli-
cation is currently being evaluated in a multiple baseline single-
subject study with autistic children aged five to ten years old.

CONCLUSION

This paper provided an overview of the theoretical foundations of
the VR-CR approach and described how this approach can be used
effectively for children with autism. In addition to the cognitive
impairments discussed, there are two additional major theories of
cognitive impairment in children with autism — impairments in
Theory of Mind (Baron-Cohen et al., 1993; 2000) and Weak Cen-
tral Coherence (Frith, 1989; Happe and Frith, 2006). These cogni-
tive impairments are unique to autism and at this time, there are no
existing VR-CR applications that have been developed to address
these types of deficits. Understanding the impairments themselves
is a necessary first step to designing any rehabilitative program.
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There is much to be gained from using a VR-CR approach. Tar-
geting treatment at a cognitive level using effective teaching
strategies may lead to significant gains in the cognitive abilities
of autistic children and may facilitate changes at the behavioral
level. Designing novel VR-CR applications and evaluating exist-
ing ones serve as initial steps toward remediating autism-specific
cognitive impairments. Part of this design and development
process requires the knowledge of how to target autism-specific
cognitive impairments and how to integrate well-established prin-
ciples of effective practice into the VR-CR application.

In presenting the theoretical background of the VR-CR approach
and describing model studies, this paper aimed to facilitate dis-
cussion between virtual reality researchers, autism specialists,
and cognitive rehabilitation experts. Collaboration between these
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three groups will greatly facilitate the development and effective-
ness of the VR-CR approach in maximizing the cognitive abilities
of children with autism. A cognitive-technological approach
would complement current behavioral interventions and has the
potential to increase the therapeutic impact of intervention pro-
grams for children with autism.
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A REVIEW OF THE USE OF VIRTUAL REALITY
IN THE TREATMENT OF PHANTOM LIMB PAIN

Craig D. Murray'

This papers reviews the development and evidence for the efficacy of virtual reality in the treatment of phantom limb pain

experienced by most people following amputation of a limb. The theoretical and empirical antecedents to this development

are outlined, followed by consideration of the characteristics and empirical work of three systems which have been reported

in academic literature. The paper concludes with a critique of these systems and offer suggestions for future work.
Keywords: Amputation, Pain, Phantom Limb Pain, Rehabilitation and Virtual Reality

INTRODUCTION
In recent years there has been a proliferation of uses in virtual
reality to treat a range of physical and mental health complaints.
Virtual environments have been used to treat eating disorders
and phobias, as well as alleviate various forms of pain. As part
of the growth in the clinical applications of virtual systems, a
small body of research has emerged in which virtual reality is
advanced and empirically tested as a tool in the alleviation of
phantom limb pain experienced by people post-amputation in
which they feel that their amputated limb is not only still present,
but is the source of a great deal of pain.

Within this paper the information presented focuses on the the-
oretical and empirical antecedents which have led to the ad-
vancement of virtual reality as a possible treatment for
phantom limb pain. Also presented is an account of the sys-
tems which have been implemented to date along with the em-
pirical evidence of the efficacy of these systems. The paper
concludes with a critique of this work and offer suggestions
for future developments.

PHANTOM LIMB PAIN AND THE MIRROR-BOX

Phantom limb pain (PLP) is one of the most distressing conse-
quences of amputation and affects as much as 85 percent of am-
putees (Sherman et al., 1984). Usually, phantom sensations and
phantom pain occur soon after amputation. At this time, patients
feel as if the anatomical limb is still intact, and present in its
usual place (Fisher, 1999). The phantom limb is often experi-
enced with the same position and form of the limb prior to am-
putation (Katz & Melzack, 1990). While burning, cramping and
shooting pains are characteristic of phantom pain (Katz &
Melzack, 1990), phantom sensations have been described as
tingly or itchy (Sherman, 1984).

While a range of pharmaceutical, surgical and psychological in-

terventions are used to treat PLP, the success of these approaches
is often limited and short-term (Katz, 1992).

Corresponding Author:

One innovative treatment technique that caused considerable in-
terest when first implemented is the mirror-box (Ramachandran
& Rogers-Ramachandran, 1996). According to Ramachandran,
when a limb is intact motor commands in the brain instructing a
limb to move are usually damped by error feedback, such as vi-
sion and proprioception. With a phantom limb such damping is
not possible and the motor output becomes amplified which may
then be experienced as painful. In order to address this, Ra-
machandran created the mirror-box, a low-tech device made by
placing a vertical mirror inside a cardboard box with the top re-
moved. The amputee places their remaining anatomical limb in
the box and views a reflection in the visual space occupied by
their phantom limb. Participants are then instructed to make var-
ious movements of their anatomical limb whilst focusing on the
mirror’s reflection and attempting to move their phantom limb
in synchrony with the reflected image. For many people this re-
sults in a compelling illusion that they have a physical limb that
can be willed to move.

In the original study the majority of patients experienced some
form of transferred kinesthetic sensations into the muscles and
joints of their phantom limb using this equipment. Four out of
five patients who experienced involuntary clenching spasms in
their phantom hand experienced relief through use of the mir-
ror-box. Subsequently, the mirror-box has been used with lower-
limb amputees with similar success. Viewing a reflection of an
anatomical limb in the phenomenal space of a phantom limb re-
sulted in amputees reporting a significantly greater number of
movements of their phantom limb than with attempted move-
ment alone (Brodie et al., 2003). MacLachlan et al. (2004) have
also presented a case study in which the mirror-box reduced PLP
in a lower-limb amputee.

While this work indicates that the mirror-box may be an effective
treatment for painful and paralyzed phantom limb experience,
there are no controlled studies which have explored the number
and lengths of mirror-box sessions necessary to effect change,
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how long such change lasts for, which types of amputation and
phantom limb phenomenology respond best, which psychologi-
cal variables predict who will respond best to such therapy and
any potential negative responses to mirror-box therapy. How-
ever, there is a general consensus in the research community that
mirror-box therapy does work in many cases (Phillips, 2000; Ra-
machandran, 2005; Rosen & Lundborg, 2005; Sathian et al.,
2000; Stevens & Phillips, 2003).

Despite the apparent promise of the mirror-box, the treatment
presents a number of inherent limitations in treating PLP (Murray
et al., 2005). The illusion is tentative, relying on the patient to
maintain attentional focus on the reflected image as opposed to
the moving anatomical limb. The mirror-box operates within a
narrow spatial dimension, requiring the patient to remain in a re-
stricted, fixed position. In addition, the possible movements that
can be induced in the phantom limb are often constrained by the
need for patients to imagine themselves carrying out two-handed
tasks that are concordant with synchronous mirror-image move-
ment—conducting with both hands, for example. Mirror-box
work sometimes uses two-handed tasks, or bimanual movements,
so that the patient can focus on both limbs (intact and reflected).
With single handed-tasks, it becomes more difficult for the patient
to ignore the visual information coming from their intact limb.

Research and theory on the mirror-box suggest that other visual
therapies that work in similar ways, but which surmount the in-
herent problems of mirror-based therapy, may also relieve phan-
tom limb pain as well as increasing volitional movement in
phantom limbs. This realization has led to three research groups
developing similar, but qualitatively different, virtual systems
where the intention is to treat phantom limb pain. VR advocates
point out VR treat-ments would surpass benefits offered by sim-
pler mirror-box therapy in areas such as the flexibility of the
technology to manipulate and present representations of the
body, including the phantom limb. This paper will present the
development and exploratory findings of three virtual reality
systems for the treatment of phantom limb pain, namely, an Im-
mersive Virtual Reality system by Murray and colleagues (Mur-
ray et al., 2005; 2006a-c; 2007), a Virtual Agency system by
Cole and Colleagues (Cole et al., 2009), and an Augmented Vir-
tual Reality system by the Dublin Psychoprosthetics Group
(Desmond et al., 2006; O’Neill et al., 2003).

IMMERSIVE VIRTUAL REALITY: MURRAY AND COLLEAGUES

Murray and colleagues’ system is informed by the principles of
mirror-box work in a similar way to that of the Dublin Psy-
choprothetics Group. The crucial difference to both Cole and
Dublin’s systems, however, is the immersion of participants within
the virtual environment, rather than looking at a screen, so that
they feel present and embodied within the virtual scene. A head-
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mounted display (HMD) is used to present the computer-generated
environments to participants and to facilitate immersion. In order
to monitor and represent participants’ anatomical movements, a
data glove and sensors are used for those with upper-limb ampu-
tations, while sensors are used for lower-limb amputees. Sensors
are attached to the shoulder, elbow and wrist joints or the thigh,
knee and ankle joints for upper and lower-limb amputees respec-
tively. A Polhemus Fastrak monitors head movements and arm/leg
movements.

This system provides a visual representation of the whole body,
as it would be seen from an embodied point of view, and uses al-
gorithms in the software to transpose the movements made by the
intact anatomical limb into movements of a virtual limb in the phe-
nomenal space occupied by the phantom limb. Transferring a
movement from one limb to another is possible due to the joint
angles parameterization. For example, once the joint angles are
recovered from the right-arm through inverse kinematics, applying
these joint angles to the left-arm results in mirroring of the move-
ment. This method of transferal, as well as other implemented soft-
ware, generates responsive, fluent, real-time motion, allowing
virtual limbs to move in synchrony with anatomical limbs.

The use of immersive virtual reality (IVR) overcomes some of
the drawbacks of the mirror-box, allowing the patient to perform
tasks without having to remain visually and spatially fixed with
a relatively narrow dimension. Furthermore, the use of [VR al-
lows unrestricted movement within the virtual environment
(VE). The participant could, if they wished, turn 360 degrees.
These actions would not compromise the illusion afforded by
the system (i.e. the transposition of movements made by an
anatomical limb into movements by a virtual limb in the phe-
nomenal space of the phantom limb, as it would in a mirror-box).
The tasks that can be implemented in IVR can therefore be more
complex and involve a wider range of anatomical movements
than is possible with the mirror-box. A further advantage is the
ability of an IVR system to implement single-handed tasks, and
the potential to implement tasks similar to those used in normal
physical rehabilitation contexts.

A minimal virtual environment (VE) represents the participant
within a room, from an embodied point-of-view. Participants are
provided with a number of tasks in this virtual environment in
order to provide opportunities for hand-eye and foot-eye coordi-
nation of their virtual limb. These tasks are similar to the physical
therapy and functional rehabilitation exercises previously used in
desk-top implementations of VEs (Popescu et al., 2000) and are
described below.

EmPIRICAL WORK WITH THE IMMERSIVE VIRTUAL REALITY SYSTEM
The empirical work using Murray and colleagues’ [IVR system
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has largely been exploratory, involving a small group of partic-
ipants and examining qualitatively their phenomenological ex-
perience during and following use of the system (Murray et al.
2006¢; 2007). Participants were recruited through clinical serv-
ices on the basis of meeting criteria such as presence of phantom
limb and lack of any major visual or cognitive deficits. For
upper-limb recruitment, only those with left-arm amputations
could be included because the equipment, a right-handed glove,
was suitable only for those with a remaining anatomical right
arm. Participants with either left or right lower-limb amputations
could be recruited. Participants must have had the amputation
performed more than 12 months earlier to ensure the phantom
pain experience was chronic in nature.

Eight participants were initially recruited for the study and three
withdrew from the study after three sessions. One participant was
advised by his physiotherapist to withdraw from participation be-
cause of weakness in the anatomical limb used to animate the vir-
tual limb. The remaining two participants withdrew due to
difficulties arising in transportation to and from the research site.
Their ages ranged from 56-65 years old and their length of time
since amputation from one to nearly 13 years. All participants had
undergone previous varied and extensive treatments for their
phantom limb pain. In the case of one (PK), this included the im-
plantation of a deep brain stimulator which had subsequently mal-
functioned. Interestingly, three out of five amputees had also been
treated using the mirror-box with no success.

Participants used the system on a near-weekly basis, although
the precise intervals between sessions were determined by par-
ticipant availability and reliability in keeping appointments.
However, all participants used the system at least seven times,
with a maximum of 10 sessions. At each session, participants
used the IVR system for a period of 30 minutes and completed
four tasks in repetition — placing the virtual representation of the
phantom limb onto colored tiles which light up in sequence, bat-
ting or kicking a virtual ball, tracking the motion of a moving
virtual stimulus and directing a virtual stimulus toward a target.

The small sample size of participants precluded a meaningful,
quantitative analysis and the authors also emphasize a qualitative
understanding of patients’ phantom limb experience and of their
own experience using the [VR system. Murray and colleagues’
broad approach is a phenomenological one with the aim of un-
derstanding patients’ own embodied experiences (Murray, 2004).
Semi-structured interviews were carried out at each session, last-
ing about 15 minutes each, and participants were encouraged to
mention any part of the experience during use of the system.
Alongside this qualitative data, pain diaries were also completed
daily throughout the course of the intervention to allow a con-
textualized analysis of participant’s phantom pain experience.
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BH is a 56-year-old male with an amputation of the left arm
below the elbow. He reported that his phantom pain, in the form
of severe cramping in the phantom hand, “doesn’t bother me reg-
ularly,” but had been persistent since the time of the operation
nearly 40 years earlier. In the last three weeks of involvement,
BH reported no experience of PLP. Previous reports and diaries
had shown at least two episodes per week. Although BH could
not conclusively attribute this improvement to use of the system
he did comment, “I’m not doing anything different from what
I’ve always done... and I’ve not had the cramp since.”

DT, a 65-year-old female, had an amputation performed on the
left arm below the elbow one year and three months before tak-
ing part in the study. She had no volitional control over her phan-
tom arm and her phantom pain was localized to the phantom
hand. She reported vivid sensations of phantom limb movement
during the tasks and following the first session, reported that her
index phantom finger had been somewhat freed. After the fourth
session the phantom pain was reported to have eased overall.
She said, “The pain has gone down a bit and the [pain] flashes
have gone down a bit... so it’s been quite good for the last few
days.”

One negative aspect associated with DT’s participation was that
she usually experienced slightly more intense phantom pain for
a period immediately after sessions. Despite this fact, by the final
session both the phantom thumb and index finger had been re-
leased and DT reported having some voluntary control over these
digits. DT surmised that this had a positive effect on the phantom
pain in general and said, “I think the fact that it’s brought my
fingers out — at least some of them out — has helped the pain con-
siderably. It feels more comfortable.”

PK is a 63-year-old male who had an amputation on the left arm
above the elbow performed 12 years and 10 months previous to
the study. He experienced severe phantom pain “twenty-four
seven,” and described it as a “burning, cutting pain — like some-
one cutting me with a hot knife.” He also had a vivid sensation
of a strap around his wrist being “pulled really tight” and his
hand was paralyzed in a cup position with constant pain in the
fingers. PK had little to no volitional control over movement in
his phantom limb and could only swing it side to side with
movement of the stump.

PK reported vivid sensations of a transferral of kinesthetic sen-
sations into his phantom limb while using the equipment which
“allowed me to forget that my [phantom] arm was actually in a
fixed position.” He also said, “It took away a lot of my phantom
pain.” For the first few sessions PK, like DT, reported increased
levels of phantom pain after sessions. However, PK attributed
this to the pain returning after a lull which increased subjective



108

experience of the pain. He said, “Having had nothing [during
sessions] and then having the pain, it feels stronger.”

Following four weeks of using the system, PK was very sur-
prised to report his phantom limb moving of its own accord for
a period of one hour at home. During this time, he was “virtually
pain free.” Towards the end of his involvement PK reported, with
some surprise, a number of changes in the phenomenal experi-
ence of his phantom limb which improved his phantom pain. The
strap around his wrist had loosened and he said, “Before, the
strap was so tight that my fingers felt swollen up and really, re-
ally painful. Now that strap seems to be not as tight, it feels as if
I’ve got circulation.” He could make very small volitional move-
ments of his phantom fingers and had some control over the ori-
entation of his wrist. Finally, he reported the experience of
telescoping in his phantom arm which had a beneficial effect on
the pain: “My limb actually seems shorter... I don’t know why,
it just seems to be shrinking.”

SM, a 61-year-old female with her right leg amputated above the
knee, had her procedure performed 11 years and eight months
previously. She experienced violent phantom pains on a regular
basis which often left her, “passed the screaming stage... you
end up crying.” She reported a lowering of PLP during the IVR
sessions and said, “It kind of diverts the mind away from the
pain.” She also experienced a transferal of sensations into her
phantom leg throughout the tasks. She said, “I was moving the
limb itself and trying to get into the position you would actually
use it — you know, to kick the ball.” She also enjoyed the expe-
rience of using the system and said, “The right leg was trying to
do it for me. I think it’s a good exercise.” However, her levels of
PLP increased following sessions for a period of up to 48 hours,
which she attributed to the “stimulation of phantom nerves.” Al-
though SM enjoyed using the system and “exercising” her leg,
in general her levels of PLP did not seem to alter much through-
out the period of the study.

WW, a 60-year-old male with an amputation of the right leg
below the knee performed 12 years and three months previously,
experienced intense pain in the sole of his phantom foot on a reg-
ular basis describing it, “as if someone’s ramming a knife in.”
He also reported experiencing many different kinds of pain in
the phantom foot which he could attribute to previous pain ex-
perience in the right foot before amputation including a broken
ankle, a burn to the top of the foot and even the memory of his
toes being tightly squeezed when he was a child due to small
shoes, amongst others.

During the second session his anatomical left leg collided with
his stationary prosthetic leg which he commented was an “un-
easy sensation... it looks on the thing [HMD] like it’s not in the

A Review of the Use of Virtual Reality in the Treatment of Phantom Limb Pain

way but then you bang into it and it feels queer.” WW also men-
tioned his phantom pain increased as a result, which is consis-
tent with research which suggests sensory-motor incongruence
as a possible source for painful sensations (McCabe et al.,
2005). WW chose to remove his prosthesis during subsequent
sessions to avoid this problem which helped him engage more.

During sessions WW reported vivid sensations of movement in
his phantom leg and said, “It’s a queer sensation...I’m doing
the games with my right leg” and expressed pleasure at feeling
as though he was “achieving” something with his phantom limb.
After three sessions, WW used his experience of the [VR system
to begin self-hypnosis, a technique which he had used previ-
ously to aid in control of pain. He would be “imagining myself
on this machine and it seems to help a bit that I can look down
and see my leg.” It seemed the virtual representation of the body
helped WW to focus his concentration. He began self-hypnosis
sessions three times a day using this technique, a factor that may
confound the findings of this research.

WW reported that as a result of his use of the IVR system “the
burning pain is abating a little bit. So it’s improved a little bit.”
When reflecting on the experience at his final session, WW re-
ferred to an easing in the various different types of pain he ex-
perienced and said, “It seems to have taken the edge off them.
You know, they’re not as severe.” However, WW’s pain did ap-
pear to be the most inconsistent of all participants since he did
not suffer with just one type of phantom limb pain. In his case,
the pain would come and go at random intervals, making it dif-
ficult for him to comment on his pain over any extended period
of time because it fluctuated greatly.

Although there is a need to be cautious in drawing conclusions
regarding efficacy in case study reports where verbal reports
are relied upon (see general discussion later), analysis of the
qualitative data does provide opportunities for tentative con-
clusions to be proposed. All participants made some reference
to a transferral of sensations into their phantom limbs during
testing. This is a particularly interesting finding when we con-
sider that three participants had paralyzed phantom limbs which
could not be moved voluntarily. It may be, in fact, that this treat-
ment would be most beneficial for those with paralyzed phan-
tom limbs as some phantom pain can be directly attributed to
the inability to move paralyzed phantoms into comfortable po-
sitions.

The reporting of sensations of movement in phantom limbs ap-
peared to be more vivid for upper-limb amputees. This finding
could reflect the greater degree of movement afforded by the vir-
tual hand and fingers as opposed to the virtual foot. Feet are less
dexterous than hands and this is a situation that is difficult to
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avoid in virtual reality systems. However, it would be possible to
develop specific tasks using virtual lower limbs to encourage the
user to manipulate the foot in a more detailed way. For example,
tasks could be made more difficult to force participants to use
their feet in more dexterous ways. It would also be interesting to
use a virtual representation of a foot, as opposed to a shoe, which
may make the lower virtual limbs more analogous to the upper
virtual limbs and reduce any discrepancy between the experiences
of lower-limb and upper-limb amputees when using the system.

DT, the most recent member of a sample to have undergone an
amputation, 15 months previously, reported the most drastic
change in phenomenological experience of her phantom limb.
After the first session, changes in the once-paralyzed phantom
limb began to help relieve aspects of her phantom pain experi-
ence, as recorded in qualitative reports. A speculative hypothesis
could explain this in terms of a greater plasticity in the brain for
more recent amputees as it has had less time to redefine the in-
ternal model of the body and to cortically reorganize, which is
strongly correlated with phantom limb pain. As such, it is possi-
ble that this system may be more beneficial for recent amputees.
However, PK also reported significant experiential changes in
his experience of his phantom limb after over 12 years of paral-
ysis so this could suggest that the system is capable of aiding
improvements in those with longer term PLP also.

Three participants experienced an increase in the level of phan-
tom pain which followed sessions. As PK pointed out, it may
be that the easing of pain during sessions, that almost all par-
ticipants commented on, means any subsequent pain feels more
severe. All pain experiences are relative and subjective. A con-
stant level of pain may be easier to overcome than fluctuating
levels of pain, as is the case when pain levels were lowered dur-
ing use of the system. It could also be that the increased con-
centration required to carry out the novel tasks actually have
some temporarily detrimental effect on absolute phantom pain.
This is an issue that would need to be closely monitored in fu-
ture research.

As mentioned above, all participants did make reference to a de-
crease in experienced phantom limb pain during immersion in
the virtual environment. This is a positive result which should
be investigated further. SM specifically used the word “distrac-
tion” when reporting this reduction, which suggests that at the
least the tasks may provide a temporary escape from the phantom
pain. It is important to carry out further testing, not only with a
larger sample size, but with a control condition in order to assess
any placebo affects of pain reduction caused by the novelty of
the task. A suitable control condition for this research would be
the use of the IVR system without any transposition of move-
ment in the virtual world. For example, physical right leg move-
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ments would correspond to virtual right leg movements (Murray
et al., 2005; 2006a).

A crucial factor to be addressed in future research would be the
intensity of the intervention. Previous work with the mirror-box
has used regular intervention sessions of up to twice daily (Ra-
machandran and Rogers-Ramachandran, 1996; MacLachlan et
al., 2004). In the research reported here, participants came for
sessions on a weekly basis which may be insufficient to facili-
tate change. This is understandable given the majority of par-
ticipants had suffered phantom pain for over eleven years. It
may be unrealistic to expect a weekly intervention for less than
three months to have any dramatic effect on phantom pain. This
is especially the case with this kind of intervention which is not
only novel for participants to get used to but also novel in terms
of how IVR has been used in rehabilitation in general.

VIRTUAL AGENCY: COLE AND COLLEAGUES

In contrast to Murray’s group (and the Dublin Psychoprosthetics
Group to be discussed later,) in which a contra-lateral anatomical
limb is used to animate a virtual limb in the phenomenological
space of a phantom limb, Cole et al (2009) developed a virtual
system in which the remaining portion of an amputated upper or
lower limb was used to control an in-tact virtual limb represen-
tation.! The aim of the system is for participants to gain agency
for the virtually presented limb which the authors hypothesized
would reduce phantom limb pain. The proposed advantages of
the system outlined by Cole and colleagues is that bilateral
movements are not required and that the movement of the virtual
limb is driven from movement on the same side of the partici-
pant’s body and the correct side of the brain. In contrast to cap-
turing finger movements of the opposite hand, as with a Data
glove in Murray’s (and the Dublin Psychoprosthetics Group’s)
system, finger movements are pre-animated.

EMPIRICAL WORK WITH THE VIRTUAL AGENCY SYSTEM

In order to gain exploratory data of the system in use, Cole and
colleagues used a sample of participants with unilateral upper-
limb (n=7) and lower-limb (n=7) amputations, in which motion
captured from their stump was translated into movements of a
virtual limb within the VR environment. Measurements of pain
in the phantom limb were elicited from patients before and dur-
ing this exercise. At this time, they attempted to gain agency for
the movement they saw and to embody the limb. Afterward, each
participant was interviewed about their experiences.

The trials were run in a low-light environment to facilitate par-
ticipants’ focus on the virtual display. Session times typically
lasted 60 - 90 minutes, varying according to patients’ levels of
fatigue. Two virtual environments were presented using a stan-
dard computer and a motion capture device. Electro-magnetic

'This is similar to a system developed by Kuttuva et al. (2003; 2005) who developed a virtual environment that gave persons with upper-limb amputations a virtual
hand that could manipulate objects within it. This system used myokinetic activity of the residual limb for the intentional control of virtual hand motions. Users were
able to manipulate virtual objects such as balls and pegs in a 3D training environment presented to them on a computer monitor, while their performance at various diffi-
culty levels was scored. These researchers proposed the utility of the system as an assessment tool for rehabilitation engineers, and as a motivator for those with limb
loss to exercise and thereby maintain their residual motor ability. However, perhaps because of these researchers’ disciplines in electrical, computer and biomedical engi-
neering, they did not discuss in depth the potential of such work for the treatment of phantom limb pain.
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sensors were attached to either the residual arm or the leg of the
user so that movements of the stump were translated into move-
ments of the virtual limb. Prior to beginning a goal-directed ac-
tivity, participants performed a series of physical actions with their
stump so that the gesture-based system could be calibrated. After-
ward, movements of the stump were interpreted as physical ex-
pressions of a modeled gesture and determined probabilistically.

The first environment interpreted motion for a missing arm. Pa-
tients were required to grasp an apple resting upon a table. The
achievement of this goal was comprised of a number of actions —
namely to reach, grasp, retrieve and replace the apple. In the sec-
ond environment, for participants with a lower limb amputation,
the user saw a bass drum as they might view it while sitting on a
chair. Here, participants were required to complete four goal-re-
lated actions — raising the leg, performing a forward, pressing ac-
tion of the foot on the pedal, releasing the pedal, and returning to
arest position. The system developed to interpret the movements
of physical performance was dynamically recalibrated so that it
was responsive to changes in physical performance.

Participants, recruited through consultants in pain and prosthet-
ics, were told that the project was experimental and if there was
any effect on their pain it was likely to be short-term. They
were also told that although a reduction in phantom limb pain
was hoped for, the reverse could occur. The group with lower-
limb amputations was comprised of participants between the
ages of 27-72 years old, with a mean of 49 years old. The
upper-limb group was made up of participants between the ages
of 36-82 years old, with a mean of 56 years old. They were tak-
ing, or had taken, a variety of analgesics. Some had also tried
acupuncture, hypnosis, and Cognitive Behavioral Therapy
(CBT) pain management.

Of the seven participants with lower-limb amputations, Cole et
al. reported that five gained a sense of agency for the virtual arm
and did so usually within half an hour. Along with this sense of
agency, participants described distinct perceptions. One man,
with severe PLP in some of his fingers and elbow, reported a
“buzzing” feeling in his first two fingers as he controlled the vir-
tual arm to make a grasp movement. Another participant felt
touch sensation when picking up the apple, so that he experi-
enced sensations not just of movement but of exteroceptive touch
also. With the merger of an experienced sense of virtual agency
and sensation, pain was reduced. One participant remarked,
“Now, when I move the fingers there is still pressure but there is
no pain. They are not being ripped off or squashed.” Another
stated, “When I move and feel the arm, it does not tingle. Pain
disappears into the background and merges into the movement
sensation.” A third participant developed such agency following
the trial that her experience of her fingers being held in a painful

A Review of the Use of Virtual Reality in the Treatment of Phantom Limb Pain

clawed position changed to one in which they began to open and
the associated pain reduced. Moreover, this pain reduction was
of a larger magnitude than she had previously experienced with
use of a mirror-box.

Of the seven participants with lower-limb amputations, four ex-
perienced significant reductions in pain. These experiences
ranged from gaining control over the virtual leg to stronger phe-
nomenological changes in the physical location, orientation of
and touch by the phantom limb. For example, one participant
commented, “I can feel the movement in the missing leg and
maybe feel touch too. Once I am on the pedal I relax and feel
my foot coming off it. It is second nature as though moving my
full leg. The prosthesis is always a prosthesis, this is different.
Here I am moving the foot. And at the moment the toes have sen-
sation and though there is slight cramping in the toes, there is no
pain” (Cole et al. 2009).

Participants related how they “forgot” about or did not realize
that their pain had ebbed away during the task. One said, “Until
you mentioned it, I had not realized it was gone. One minute it
was there and then, concentrating on the task, I did not realize it
was gone.” While another said that being in the virtual environ-
ment “lightens the pain” and went on to state about the virtual
limb, “I know it is not my leg and yet it feels as though it is.”
Once he stopped moving the pain returned “within a second or
two, but equally when I move and feel it is me, the pain reduces.”
Another participant felt the touch of the drum pedal on his phan-
tom foot.

AUGMENTED VIRTUAL REALITY: THE DUBLIN PSYCHOPROS-
THETICS GROUP

The Dublin Psychoprosthetics Group point out that there are
methodological constraints inherent in the use of conventional
mirrors, including the task symmetry in bimanual movement of
anatomical and reflected limbs, the dependant nature of visual
feedback on the movement of an intact limb and the lack of phe-
nomenological correspondence between the intact anatomical
limb and the often idiosyncratic topography of phantom limbs,
namely, “irregularly shaped” phantoms (O’Neill et al., 2003).
Therefore, they sought to develop a system that would enable
the control of a virtual phantom by a remaining corresponding
anatomical limb. Potentially, this system could be adapted so that
it produced a virtual representation tailored to the phenomeno-
logical experience of a phantom limb by the person using the
system.

The solution they arrived at was an Augmented Reality system
for unilateral upper-limb amputees (Desmond et al., 2006;
O’Neill et al., 2003). This consisted of a three-dimensional
graphic representation of an arm controlled by a wireless data
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glove (worn on the intact arm) and presented on a flat computer
screen. The data glove allows for the measurement and repre-
sentation of finger flexure and the orientation of the user's hand.
As movements are made by the intact hand, the information re-
ceived from the glove is translated into movements of the virtual
facsimile in real time. Movements of the virtual facsimile are
therefore controlled by movement of the data glove and appear
to the user on a screen in an analogous fashion to the reflected
limb in mirror-box work. Alternatively, the system enables the
remote control of these virtual movements via a computer. The
system includes a facility so that either bimanual symmetrical
movements can be made, or the phantom moves in the same di-
rection of the animating anatomical limb.

EMPIRICAL WORK WITH THE AUGMENTED MIRROR Box

As with all VR work on this topic to-date, the Dublin Psychopros-
thetics group have conducted exploratory empirical work to en-
able preliminary evaluation of the changes in phantom limb
phenomenology afforded by their system (Desmond et al., 2006).
Prior to having participants use the system, the authors carried
out semi-structured interviews describing amputation history,
prosthesis use, and phantom limb experiences. Three participants
were included in the study. The first participant was a 40-year-
old man who used a passive prosthesis and who had undergone
right-side transhumeral amputation because of osteogenic sar-
coma approximately three years before involvement in the study.
The second participant was a 25-year-old man whose amputation
of the right forequarter was the result of a motor vehicle accident
six years previously. He also used a passive cosmetic prosthesis
for social occasions only. The third participant was a 49-year-old
woman who had an amputation of her right arm distal to the
elbow following a motor vehicle accident, approximately 12
years previously. She mainly wore a cosmetic prosthesis but also
used a myoelectric prosthesis for particular tasks.

During the experimental phase of the study participants wore a
data glove on their intact arm and carried out a series of symmet-
ric and asymmetric arm movements using both their phantom and
contralateral arm. These movements required participants to hold
their hands flat and simultaneously tap their index fingers, or to
attempt movement of all fingers simultaneously, while they held
the palm of their hand first towards a mirror and in following tri-
als, toward a flat computer screen. The trials proceeded in an ex-
ploratory fashion, with task demands varying for each participant
according to both the varying levels of volitional control partici-
pants had over their phantoms and their reactions to the visual
feedback. The task demands were varied across participants to
appropriately consider their individual experiences and reactions.
Participants opted to wear their prostheses during the trial.

For two participants, P1 and P3, phantom limb experience was
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altered and intensified using either visual feedback via a stan-
dard mirror or via the augmented mirror. For P1, this effect was
more pronounced during use of the standard mirror. When in-
consistent feedback was presented, for example, showing the
image of the phantom as stationary when the participant was
trying to move his phantom fingers, this reduced phantom ex-
perience in particular fingers. In contrast, the presentation of
inconsistent feedback in the standard mirror condition induced
phantom pain. Although the reason for this discrepancy is un-
clear, the authors note that Participant 1 related how emotional
stress could trigger phantom pain. The authors suggested at the
end of the testing session, when the standard mirror was rein-
troduced, the participant might have been tired and frustrated
by the task, therefore inducing pain (although he did not be-
lieve this to be the case himself.) Viewing the augmented real-
ity phantom image facilitated greater movement of the phantom
index finger for Participant 3. Although such movement had
previously been impossible, the virtual arm aided independent
movement of her third and fourth fingers. Movement of the fin-
gers of their phantom hand could also be remotely generated.
In contrast, prior to testing, Participant 2 was unable to produce
voluntary movement in his phantom, and use of either the stan-
dard mirror or the augmented reality box had no effect on vo-
litional control of his phantom.

In considering the unique contribution of their study, Desmond
et al. (2006) highlight their observation that incongruent
movement of the phantom limb, visually fed-back via the aug-
mented reality box, may reduce the perception of discomfort
and pain. They note that this observation had not previously
been possible without augmented reality technology. For Par-
ticipant 1, attempts to move his phantom while viewing an
image of a partially frozen hand, where some but not all of the
visually-presented fingers were free to move consistent with
movement of the data glove, resulted in alleviation of discom-
fort in the seemingly frozen fingers. This finding contrasts
with a later observation in the same participant that incongru-
ent feedback provided by the conventional mirror induced
phantom pain, which the authors suggested warranted addi-
tional study.

When Participant 3's virtual facsimile was controlled remotely
she felt her phantom fingers move in tandem with the exter-
nally controlled phantom image. The authors argue that this
finding has potential clinical utility, suggesting that exposure
to visual cues may help to free painfully clenched or posi-
tioned phantoms. However, they cite as a note of caution a
study by Giraux and Sirigu (2003) who observed that pas-
sively exposing individuals with brachial plexus avulsion to
prerecorded arm movements could also induce painful phan-
tom experiences.
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Desmond et al. (2006) highlight that while their exploratory study
focused on feedback of noncontingent phantom limb movement,
their system allows for a stronger test of the hypothesis that visual
feedback of a "virtual arm" increases awareness and/or control-
lability of a phantom limb and reduces phantom pain. This could
be achieved by using limb representations that incorporate pos-
tures and structures particular to individuals’ phantoms but not
readily reproducible using conventional mirrors. However, the
ability to present phenomenologically accurate representations of
phantom limbs is a potential property of all VR systems to be dis-
cussed here. How changes in the virtual representation could be
modified over time to best facilitate PLP relief is an interesting
issue, but not discussed in depth by the authors.

CONCLUSION
The three virtual systems discussed in depth here have a num-
ber of similarities, but also significant differences, and at pres-
ent it is not known if any of these is ultimately more
efficacious than another. Similarly, the systems all attempt to
provide the illusion of a limb which an amputee views and ac-
cepts as a powerful representation of their phantom limb, and
come to experience increased volitional control and pain relief
in this. While Cole’s system uses participants’ residual limb
or stump to control the virtual limb, both Dublin’s and Mur-
ray’s systems transpose movements of the contralateral limb
in an analogous manner to that achieved in the mirror-box.
While Dublin’s group uses a flat screen in place of a mirror,
Murray’s system is immersive — participants do not see “out-
side” the environment and willed movements of a physical
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REACTIVITY TO VIRTUAL REALITY
IMMERSIONS IN A SUBCLINICAL SAMPLE OF WOMEN
CONCERNED WITH THEIR WEIGHT AND SHAPE

Annie Aimé', Karine Cotton' and Stéphane Bouchard!

Although virtual reality (VR) is a promising exposure technique for people suffering from an eating disorder, it hada
been used with women who show significant but subclinical concerns with their weight and shape. Twenty-seven women
took part in three immersions in VR (10 concerned and 17 non-concerned). Measures of anxiety were taken before, during
and after the immersions. Weight, shape and food concerns, drive for thinness and body dissatisfactions were measured
immediately after the immersions. Compared to the neutral environment, the buffet and pool immersions caused a sig-
nificantly higher level of anxiety and weight preoccupations among the women who were concerned than among those
who weren’t. The study conclude VR is effective through the continuum of eating disorders. Not only does it arouse re-
actions within people suffering from an eating disorder, but also among women concerned by their weight and shape.
Keywords: Virtual Reality, Weight, Shape and Food Concerns, Anxiety

Body image is a multi-dimensional construct that refers to a per-
son’s cognitive, affective, behavioral and perceptual dimensions
(Farrell, Shafran & Lee, 2006). Any distortion of the body image
can be defined as a dysfunction within one of these dimensions.
Cash (2002) suggests two basic elements of body image — eval-
uation and investment. On the one hand, the evaluation element
refers to the judgment a person places on their appearance. On
the other hand, the investment element refers to their body
schema, created in relation to beliefs or assumptions about the
importance, meaning, and influence of appearance in one’s life
(Cash, 2002; Cash, Melnyk & Hrabosky, 2004). The body schema
can be considered as the result of comparisons and integration at
the cortical level of past sensory experiences with current sensa-
tion (Riva, 1998). Taken together, these comparisons and integra-
tions often lead to great concerns regarding weight and shape,
especially in women (Hoek & Van Hoeken, 2003). The greater
the gap between the real weight and the ideal weight, the higher
the likelihood is of developing high levels of body dissatisfaction
(Cuadrado, Carbajal & Moneiras, 2000). When young girls per-
ceive their body to be too big and therefore, deviate significantly
from the model of fashionable thinness, they become more at-
risk to be negatively affected by this model, develop body dissat-
isfactions, diet or practice unhealthy behaviors towards food
(Davison, Markey & Birth, 2003).

For individuals with an eating disorder (ED), the two aspects of
body image, evaluation and investment, are affected because
these people frequently over-estimate their size and weight. Their
body dissatisfaction is also high and constant (Thompson, 1990).
Concerns among women suffering from ED are characterised by
a predominance of negative thoughts regarding eating, food, fat,
weight and shape (Sassaroli, Bertelli, Decoppi, Crosina, Milos &
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Ruggiero, 2005). Furthermore, among these women, cognitions
concerning weight, shape, food, social comparison and others’
perceptions are related to negative thoughts and negative emo-
tions such as anxiety (Sassaroli, et al., 2005).

Up to this day, only a few studies have used virtual reality (VR)
with ED patients (Perpifia, Botella, Bafios, Marco, Alcafliz &
Quero, 1999; Perpiia, Botella & Baios, 2003; Riva, Bacchetta,
Baruffi, Rinaldi & Molinari, 1999; Riva, Bacchetta, Cesa, Conti
& Molinari, 2004; Gutierrez-Maldonado, Ferrer-Garcia, Caqueo-
Urizar & Letosa-Porta, 2006). Thus, available results stand ex-
clusively on clinical samples. Studies using VR with ED patients
have showed that, when added to traditional psychotherapy, in
virtuo exposure helps patients to reduce body dissatisfaction, neg-
ative thoughts and attitudes towards the body and to improve
one’s psychopathology in general. Symptoms relating to ED were
improved, shown in such variables specifically related to body
image, motivation and compliance with treatment (Perpifia, et al.,
1999; Riva, et al., 1999; Riva, et al., 2004).

Although promising, such results do not allow definite conclusions
in the effectiveness of the immersions in virtuo. Before concluding
S0, it is essential to make sure that immersions in virtuo can evoke
feelings of anxiety in presence of significant stimuli (Cottraux,
2004). So far, only one group of researchers (Gutierrez-Maldon-
ado, et al., 2006) has addressed this question and again, only peo-
ple with ED were evaluated. In that study, thirty women suffering
from ED were exposed to six virtual environments — a living room
representing a neutral environment, a kitchen and a restaurant con-
taining high-calorie food, a kitchen and a restaurant containing
low-calorie food and a swimming pool. The results show that VR
can simulate problematic situations, experienced on a daily basis,

Annie Aime, Université du Québec en Outaouais, Pavillon Alexandre-Taché, Case postale 1250, succursale Hull, Gatineau (Québec), Canada, annie.aime@uqo.ca

"Université du Québec en Outaouais, Gatineau, Canada



116

that are known to cause emotional reactions in people with ED.
Compared to the neutral environment, virtual environments ex-
posing participants to high-caloric food and social comparisons
caused the highest levels of anxiety and depression. Those high
levels of reactivity are thought to reflect a fear of weight gain as
well as an over-estimation of the importance of weight and shape.
Moreover, those results clearly support the idea that people with
ED tend to have strong emotional reactions when placed in spe-
cific exposure situations. However, they do not determine if this
reactivity is exclusive to people affected by ED or if it can also
be found in other types of women since the intensity of the eating
pathology can vary on the ED continuum.

The primary objective of this study is to verify in which ways vir-
tual environments related to body image and food induce anxiety
among women concerned by their weight and shape. Since the
concerned women are located closer to the women suffering from
ED on the ED continuum, it is expected that they will react more
strongly than the women without concerns to anxiety-provoking
virtual environments tailored for ED women.

The second objective of this study is to assess the short-term
impact of immersions in VR on the level of general concerns
regarding weight, shape and drive for thinness, as well as
body dissatisfactions. Following the immersions in the buffet
and swimming pool, greater concern for the drive for thinness
and of body dissatisfaction should be observed among the
women that are concerned already with these issues than
within the ones that aren’t.

MATERIALS AND METHODS

PARTICIPANTS

The participants are students and workers of Université du Québec
en Outaouais (UQO). The final sample includes 27 women aged
18 and over. The sample has been distributed in two distinctive
groups based on the scores obtained on the drive for thinness and
body dissatisfaction scales of the Eating Disorders Inventory (EDI)
— the concerned group and the non-concerned group. The latter
group is comprised of a total of 17 women not concerned about
their weight and shape, aged between 19 and 51 years old (mean
age is 28.29; SD is 10.58), and with a BMI mean of 23.23 (SD is
2.77). The concerned group includes 10 women concerned by their
weight and shape, aged between 21 and 45 years old (mean age is
30.60; SD is 9.47), and with a BMI mean of 26.97 (SD is 4.75).

EQUIPMENT AND MATERIAL

An easy-access virtual reality program providing various environ-
ments was used — the NeuroVR 1.5 (http://www.neurovr.org). For
the purpose of this study, the following environments were used —
the office (Office.osg), the swimming pool (Pool.osg) and the
restaurant (Restaurant.osg). Participants were immersed in those
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environments with an HP wx4600 workstation (3 GHz, 3.48 GB
or RAM, ASUS GeForce 8800GTX graphics card), an eMagin z
800 head mounted display with build-in 3dof motion tracker and
a Gravis Destroyer Tilt Game Pad.

The office was used as a neutral environment. It contains many
rooms in which the user can move without the presence of any
stimuli related to concerns about weight and shape. This neutral
environment allows the participant to get a minimum level of skill
in perceiving, moving through and manipulating objects in VR
(Riva, 1998). Participants were asked to go in every room of the
office to look for flight tickets.

The pool’s environment contains a beach and a swimming pool
in which seven independent agents (virtual character in SPRITE
format) wearing bathing suits can be found. Those agents consist
of two normal weight men, four good-looking women with an
average BMI and one woman with a BMI over 25. For this envi-
ronment, participants were asked to virtually “put on their bathing
suit, walk toward each agent and carefully look at them.”

Finally, the restaurant represents an environment in which partic-
ipants are facing a buffet presenting high and low-caloric meals.
Participants were asked to “move toward the buffet and to take a
close look at each meal and then, to formulate a choice of meal.”
Afterwards, they were asked to “move toward the bar and select
a drink” with or without alcohol.

ASSESSMENT MEASURES

EATING ATTITUDES TEST-26 (EAT-26)

(Garner & Garfinkel, 1979). The EAT-26 is a standardized and
self-reported 26-item scale that measures the level of concerns
and the symptoms related to ED.

EATING DISORDERS INVENTORY (EDI)

(Garner, Olmsted & Polivy, 1983; Garner & Olmsted, 1984;
Criquillion-Doublet, Divac, Dardennes & Guelfi, 1995). The EDI
is a 64-item self-report measure divided into eight subscales, in-
cluding drive for thinness and body dissatisfaction.

BEck DEPRESSION INVENTORY-2 (BDI-II)

(Beck, Steer, & Brown, 1994). The BDI-II is a 21-item self-re-
port instrument that evaluates emotional, cognitive, physical
and motivational symptoms associated to major depression.

STATE-TRAIT ANXIETY INVENTORY (STAI-Y)

(Gauthier & Bouchard, 1993). The STAI-Y is a 40-item instru-
ment used to measure anxiety-provoking emotions. It includes
separate measures of state and trait anxiety. A score over 50
(more or less 10) on each scale discriminates people with anxiety
disorder from people without.
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ONE-ITEM RATING OF ANXIETY

This measure consists of one question that was asked three times
in order to evaluate the anxiety level of the participant while im-
mersed in the virtual environment. The question asked, “On a 0
to 100 scale, what is your level of anxiety right now?”

PRESENCE QUESTIONNAIRE (PQ)

(Bouchard, 2006). This questionnaire has four questions, as-
sessed in percentages, which allows measuring the level of pres-
ence felt in VR. It also includes another question which gives a
preliminary measure of simulation sickness.

PROCEDURE

Recruitment of the participants was made using a short descrip-
tion of the study sent by electronic mail to all students at UQO
and visits to classrooms with mainly feminine students, such as
nursing and psychology. At first, 59 women showed interest in
the study and filled out the EAT-26, the EDI, the BDI-II and the
STAI Within these 59 potential participants, 29 returned the ques-
tionnaire with a pre-stamped envelope (return rate of 49.2 per-
cent) and then participated to the VR immersions. Two of them
were excluded from the study because of simulation sickness.

The EDI subscales, drive for thinness and body dissatisfaction,
were used to assign participants to one of the two conditions. A cut
off of five was used for drive for thinness and of 10 for body dis-
satisfaction. People with a score above these cut offs show a level
of preoccupation that is higher than what is found in a normative
sample of women without ED (Criquillion-Doublet, et al., 1995).

The experimentation consisted of three immersions of approxi-
mately three minutes each. The neutral environment was pre-
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sented first for each participant, followed by the buffet and
pool environments in random order. A total of 12 partici-
pants, seven non-concerned and five concerned, were ex-
posed to the “swimming pool” as their first challenging
environment while the other 15 participants, 10 non-con-
cerned and five concerned, were first immersed in the “buf-
fet.” For the assessment measures, the one-item rating of
anxiety was used before, during and after each immersion.
The EAT-26, the EDI subscales body dissatisfaction and
drive for thinness and the PQ were filled out after every im-
mersion. Finally, at the end of the experiment, the weight and
height were taken to calculate the participant’s BMI. This
measure was taken at the end of the experiment in order to
avoid inducing anxiety, discomfort and self-consciousness
before the immersions. The maximum length of the total ex-
periment was 40 minutes.

RESULTS

DIFFERENCES BETWEEN THE GROUPS AT RECRUITMENT
Univariate analysis of variance (one-way ANOVA) were
used to confirm the significant differences between the
groups in regards to the level of concern related to weight
and shape. Means, standard deviations and scores ob-
tained for EAT-26 and EDI’s subscales (body dissatisfac-
tion and drive for thinness) are presented in Table 1. As
expected, because of the composition of the groups, the results
indicate that the participants of the concerned group present
scores of BMI, general weight and food concerns, drive for
thinness and body dissatisfaction significantly superior to the
women of the non-concerned group. The concerned group also
reported a higher level of depressive symptoms, situational
and state anxiety than the second group (see Table 1).



118 Reactivity to VR Immersions in Women with Weight and Shape Concerns

Table 1

Group differences and partipants’ means scores at recruitment

Variables Non-concerned Concerned F df Partial n?
group/x group/x

BMI 6.72% 1 0.21

EAT-26 4.12 (3.69) 24.50 (12.01) 43,1 3%** 1 0.63

Body dissatisfaction scale 2.71 (2.87) 18.10 (6.33) 75.75%** 1 0.75
(EDI)

Drive for thinness scale 2.06 (2.19) 10.10 (4.61) 38.00%** 1 0.60
(EDI)

BDI-IT 5.76 (4.31) 14.00 (7.42) 13.46%** 1 0.35

State anxiety 32.65 (8.54) 42.40 (9.55) 7.53%* 1 0.23

Trait anxiety 32.65 (7.00) 48.90 (10.60) 19.93%* 1 0.44

Note. *p < 0.05. **p <0.01. ***p < (0.001. Standard deviation’s scores are in brackets. BMI = Body Mass Index

VR IMMERSIONS RESULTS

Analysis using a 2X3 repeated-measures ANOVA were
used to evaluate the groups and virtual environment’s in-
fluence on the following variables — anxiety, general
weight and food concerns, drive for thinness, body dissat-
isfaction and feeling of presence. Every analysis was fol-
lowed by a priori contrasts to determine if there were any
significant intensity differences for these variables be-
tween the neutral (basic level) and the buffet and pool en-
vironments. These same contrasts allow establishing
whether or not there are any significant differences be-

tween the mean levels evoked by both groups. In order to
control for Type 1 error, the variables associated with anx-
iety and weight concerns were respectively grouped in two
distinctive families of variables within which a Bonferroni
correction was applied.

ANXIETY

Means and standard deviations for each variables associated to
anxiety, as evaluated by the one-item rating of anxiety, are pre-
sented in Table 2. The 2X3 repeated-measures ANOVA scores
as well as the group differences are shown in Table 3.
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Table 2

One-item rating of anxiety
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Variables

Non-concerned group

Concerned group

Anxiety prior to immersions

Neutral

16.12 (19.20)

26.50 (24.73)

Swimming pool

11.00 (15.66)

13.50 (17.49)

Buffet

11.29 (15.58)

20.00 (27.18)

Anxiety during immersions

Neutral

15.88 (19.14)

16.00 (23.66)

Swimming pool

14.41 (17.93)

36.00 (29.98)

Buffet

11.47 (14.66)

28.50 (32.24)

lAnxiety following immersions

Neutral

13.18 (16.00)

14.00 (17.92)

Swimming pool

15.29 (18.07)

31.70 (34.16)

Buffet

9.71 (12.56)

21.50 (26.88)

Note. Standard deviations are in brackets.
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Table 3

Groups and virtual environments’ differences on anxiety

Reactivity to VR Immersions in Women with Weight and Shape Concerns

Variables Time effect Interaction effect
F value and significant level F value and significant level
(partial n?) (partial n?)
Main effect Neutral vs.  [Neutral vs. buffet| Main effect Neutral vs.  |Neutral vs. buffet
swimming pool | environments swimming pool | environments
environments environments

Anxiety prior to 5.54% 9.32% 3.25 1.14 N/A N/A

immersions (.18) (.27)
Anxiety during 5.04* 8.14* 1.62 7.48%* 10.93* 7.08*

immersions (.17) (.25) (.23) (.30) (.22)
Ancxiety follow- 8.37** 9.68* 0.92 4.89% 5.98 6.79
ing immersions (.25) (.28) (.16)

Note. *p < 0.01. **p < 0.01. N/A; Not applicable when the main effect is not significant.

ANXIETY PRIOR TO IMMERSIONS

Results of 2X3 repeated-measures ANOVA 2X3 point out signif-
icant differences in the levels of anxiety felt prior to the immer-
sions. A significant difference was shown between the anxiety
level evoked prior to immersion in the neutral environment and
the “swimming pool” environment. In fact, anxiety level evoked
prior to the neutral environment was higher than the level prior
to the “swimming pool”. However, no significant differences
were found between anxiety prior to immersion in the neutral and
“buffet” environment. This result is surprising since the order of
presentation of the two challenging environments was random.
A thorough analysis of the distribution of the concerned and non-
concerned women, according to the order in which they were im-
mersed in the first challenging environment, swimming pool vs.
buffet, shows that a higher proportion of women in the non-con-
cerned group were first exposed to the “buffet” environment. Yet,
since the anxiety level of the women in the non-concerned group
prior to exposure to the neutral environment is much lower than

that of the concerned women, the greater proportion in the se-
quence neutral/“buffet” environments shuffles the results.

No significant interactions were found between the virtual envi-
ronments and the groups regarding the participants’ self-reported
anxiety level. Therefore, the two groups do not significantly dif-
fer from one another concerning anxiety level prior to immer-
sion, regardless of which type of virtual environment was used.

ANXIETY DURING IMMERSIONS

Results of the 2X3 repeated-measures ANOVA show a significant
impact of the virtual environments on the participants’ overall anx-
iety level. Whereas there are no significant differences between
the mean levels of anxiety felt during the immersion in the “buffet”
environment compared to the neutral environment, the mean level
of anxiety evoked in the “swimming pool” environment is signif-
icantly higher than the level reported in the neutral environment.
Table 2 shows this difference is dependent on the effect observed
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in the concerned group since a decrease in the mean score of anx-
iety is obtained with the non-concerned group.

The results also indicate a significant interaction between the vir-
tual environments and the groups, as shown by the level of anxiety
reported during the immersions. According to the means observed
in Table 2, the concerned participants report a higher level of anx-
iety than the non-concerned participants in the three environments
used. Significant differences in levels of anxiety were obtained
between the buffet and neutral environments, as well as between
the pool and neutral environments. When the concerned group is
immersed in a challenging environment, the participants’ anxiety
level significantly increases as opposed to the neutral environment.
Moreover, the anxiety level of the concerned group increases even
more in the “swimming pool” immersion than in the “buffet.” In
contrast, the non-concerned group presents a higher level of anx-
iety in the neutral environment, compared to the level evoked in
the “swimming pool” and “buffet” environments.

ANXIETY FOLLOWING IMMERSIONS
According to the 2X3 repeated-measures ANOVA results, there
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is a significant difference between the mean anxiety levels re-
ported after the immersions. Anxiety was reported as higher
after the immersion in the “swimming pool” environment than
after the immersion in the neutral environment. However, no
difference was found between the mean level of anxiety follow-
ing the “buffet” immersion and the immersion following neutral
environment. The low level of anxiety reported by the women
of the non-concerned group following the “buffet” environment
immersion contributes to this lack of differences.

In addition, a significant interaction is observed between the en-
vironments and the groups. Although Table 2 suggests that con-
cerned women report more anxiety following immersions, these
differences do not exceed the Boneferroni-corrected signifi-
cance level.

VARIABLES ASSOCIATED TO WEIGHT, SHAPE AND FOOD
CONCERNS

Means and standard deviations score are found in Table 4. The
2X3 repeated-measures ANOVA scores as well as a priori con-
trasts are in Table 5.
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Table 4

Weight, shape and food concerns mean scores

Variables Non-concerned group Concerned group
[EAT-26 total score
Neutral 3.71 (2.85) 19.70 (9.42)
Swimming pool 4.65 (4.51) 25.40 (12.27)
Buffet 424 (3.99) 23.70 (9.56)

Drive for thinness

Neutral 1.76 (2.08) 9.80 (5.73)
Swimming pool 1.82 (2.53) 12.10 (5.63)
Buffet 1.88 (2.29) 11.50 (5.15)
Body dissatisfaction
Neutral 3.00 (2.76) 17.20 (6.32)
Swimming pool 3.65(3.43) 18.00 (6.98)
Buffet 3.12 (2.80) 18.50 (8.17)

Note. Standard deviations are in brackets.
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Table 5
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Groups and virtual environments’ differences on weight, shape and food concerns

Variables Time effect Interaction effect
F value and significant level F value and significant level
(partial n?) (partial n?)
Main effect Neutral vs. Neutral vs. buffet| Main effect Neutral vs. Neutral vs. buffet
swimming pool | environments swimming pool | environments
environments environments
EAT-26 16.59%* 29.29%%* 17.53%* 8.73%* 15.04%* 10.29*
(.40) (.54) (41) (.26) (.38) (.29)
Drive for 4.09 N/A N/A 3.56 N/A N/A
thinness
Body 1.57 N/A N/A 95 N/A N/A
dissatisfaction

Note. *p <0.01. **p <0.01. N/A; Not applicable when the main effect is not significant.

GENERAL CONCERNS

The 2X3 repeated-measures ANOVA show differences between the
virtual environments on general concerns related to weight, shape
and food, as evaluated by the EAT-26. More precisely, the levels of
concern are higher following the “swimming pool” environment
and the “buffet” environment than the neutral environment. Results
show that the level of concern increases after a challenging envi-
ronment is introduced and also that such an increase is greater after
the immersion in the “swimming pool” environment.

A significant interaction was also found between the environments
and the groups. Means observed in Table 4 show that concerned
participants reported a higher general concern level than non-con-
cerned participants. This pertained to all the environments. Sig-
nificant differences were found between groups both for the
neutral environment- “swimming pool” environment sequence
and for the neutral environment-“buffet” environment sequence.
Compared to women in the non-concerned group, concerned
women became even more anxious following immersion in chal-

lenging environments and this increase was greater when they
were immersed in the “swimming pool” rather than in the “buffet.”

Drive for thinness and body dissatisfaction. Once the Bonefer-
roni correction was applied, results do not exceed the more strin-
gent statistical significance level on the participants’ drive for
thinness and body dissatisfaction scores. Also, there is no inter-
action between virtual environments and groups regarding par-
ticipants’ drive for thinness and the level of body dissatisfaction.

FEELING OF PRESENCE

The results do not indicate any eftects from the “buffet” and
“pool” environments on the level of presence (F2.50 =3.16,p =
.51). In addition, there is no significant interaction between vir-
tual environments and groups (F2.50 = .25, p =.78).

RELATIONSHIP BETWEEN REPORTED ANXIETY LEVEL AND SEVER-
ITY OF EATING PATHOLOGY AFTER IMMERSIONS
Bivariate correlations were conducted to determine if the
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reported anxiety level is related to general concerns, the
drive for thinness and the body dissatisfaction levels. Fol-
lowing the immersion in the neutral environment, no sig-
nificant relationship was found between anxiety and the
general concerns (r = .22, p = .28), drive for thinness (r =
.24, p = .23) and body dissatisfaction (r = .12, p = .54).
However, significant relationships were found in the chal-
lenging environments. After the immersion in the “swim-
ming pool” environment, strong correlations were found
between anxiety and general concern levels (r = .67, p =
.001) and between anxiety and drive for thinness levels (r
=.68, p=.001). Following immersion in the “buffet” envi-
ronment, anxiety was also strongly correlated to general
concerns (r =.56, p =.01) and to drive for thinness (r = .50,
p = .01). Finally, there is no significant relationship be-
tween anxiety after the “pool” or “buffet environments” and
the level of body dissatisfaction.

DiscussioN

The current study targeted short-term responses of women con-
cerned with their weight and shape while immersed in VR. Anx-
iety, general weight, shape and food concerns, drive for thinness
and body dissatisfaction were assessed. The results are particu-
larly interesting considering the fact that the effects of immersion
in VR environments that challenge body image still need to be
documented and that VR had not yet been used with people
whose concerns about weight and shape are important yet sub-
clinical. Groups of participants were formed based on the levels
of drive for thinness and body dissatisfaction. Results show that,
prior to VR immersions, the groups differed significantly on
BMI, weight and food concerns as well as general psychopathol-
ogy. These results provide additional support to what has been
demonstrated in previous studies with regards to the existing link
between weight concerns and negative self-image, as well as im-
paired psychological functioning (Stice & Shaw, 2002).

Differences in anxiety between the neutral environment and the
“swimming pool” environment during and following immersions
are clearly due to the fact that the group of women concerned
with their weight and shape has always reported considerable
levels of anxiety. Similarly, the increase in weight, shape and
food concerns noticed in the “swimming pool” and the “buffet”
environments seems to be mainly attributed to the concerned
women group, since these women react more strongly to immer-
sions in challenging context than women without concerns.
Moreover, results are not tinged by the fact that they believe
more than the non-concerned women in the realism of the virtual
environment or that they feel more present in it. The results in-
stead depend on the nature of environments (challenging or not).
On a general note, a stronger feeling of presence would probably
have produced a more realistic and intense experience in virtual
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situations and would have possibly increased the emotional re-
sponse of the participants (Gregg & Tarrier, 2007).

Since concerned women reported more anxiety during the virtual
immersion in challenging environments than women in the non-
concerned group and since they became more weight, shape and
food-preoccupied in reaction to these challenging environments,
a conclusion can be drawn that food and social comparison rep-
resent discriminating environments and allows placing differing
intensities of concerns on a continuum. It also seems that, with
concerned women, general weight, shape and food concerns as
well as the fear of weight gain, are more likely to act as anxiety-
provoking elements.

The current study also shows that the “swimming pool” and
“buffet” environments differ in terms of capacity to produce a
significant anxious reaction during and following immersions.
Thus, the presence of food does not represent as much of a chal-
lenge for concerned women than social comparison situations
where they have to “expose” their bodies. In the same way, the
buffet causes less anxiety for women without concerns than the
neutral environment. A possible explanation is that the restaurant
represents a situation most people are more frequently exposed
to than a public swimming pool environment. Since the restau-
rant environment is experienced more frequently, it could pro-
voke less anxiety. For the non-concerned women, the restaurant
may even represent a normal, anxiety-free, enjoyable and enter-
taining activity. For concerned women, an avoidance dimension
can be added to the habituation aspect in order to explain the re-
sults. Situations where a woman must walk in swimwear and
therefore expose her body to the eyes and judgment of others are
more commonly avoided than those where the person must go
to a buffet. Finally, it is possible that having been able to virtually
eat the food would have been a much stronger challenge and
would have caused more anxiety. It would be interesting to check
if the addition of such a procedure would provide a greater anx-
ious response with concerned people and thus a response more
similar to what is reported by women suffering from ED.

For women concerned about their weight and shape, the stronger
reactions observed in the “swimming pool” environment could
be attributed to a greater internalization of fashionable thinness
ideals. Having internalized an ideal of thinness similar to women
with ED, they become more at risk to be negatively affected by
exposure to pictures showing this ideal (Davison, et al., 2003).
The “swimming pool” environment includes almost exclusively
virtual characters corresponding to the ideal of fashionable thin-
ness and therefore becomes particularly likely to cause a strong
anxious response in concerned women. In addition, as con-
cerned women have an average BMI falling in the overweight
category (Fairburn, 2008), and as their physical appearance
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deviates significantly more from the ideal of thinness than
women in the non-concerned group (for which the average BMI
is considered normal), it seems more likely for them to report a
strong feeling of anxiety when exposed to people who meet the
thinness standards (Cuadrado, et al., 2000).

Although VR treatment studies with clinical samples demon-
strated that body dissatisfaction scores are influenced by the im-
mersions in virtual environments associated with feared stimuli
(Riva, et al., 2004), this result could not be replicated with a sam-
ple of concerned women. Indeed, the level of body dissatisfac-
tion and the drive for thinness reported by these women was not
influenced by VR immersions in a “swimming pool” and a “buf-
fet.” It is possible that the small amount of concerned partici-
pants (n = 10) contributes in part to this lack of relationship. It
could also be that the drive for thinness and body dissatisfaction
refers to a relatively stable self-concept for concerned people as
well as for non-concerned people. In etiological ED development
models, these factors are usually conceptualized as risk factors
rather than as consequences (Aimé & Bégin, 2007). Their etio-
logical positioning makes them less likely to fluctuate easily and
more likely to tend towards stability.

In order to maximize perceptible differences between concerned
and non-concerned groups of women, it would be advantageous
to obtain a higher number of women in each group. Another ad-
vantage would be the use of a more immersive head mounted
display in order to increase the feeling of presence and reduce
the perception of the physical room. Finally, the program that
was used, NeuroVR, only allows for few interactions between
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SIDE EFFECTS OF IMMERSIONS IN VIRTUAL REALITY
FOR PEOPLE SUFFERING FROM ANXIETY DISORDERS

Stéphane Bouchard', Julie St-Jacques', Patrice Renaud' and Brenda K. Wiederhold?

Side effects caused by immersions in virtual reality (VR) have been documented in experimental studies and with healthy
people. With the growing interest of VR applications to assess and treat mental disorders, empirical information on side effects
in clinical populations is needed. Three studies were conducted to: (a) describe symptoms and scores on the Simulator Sickness
Questionnaire (SSQ) in a sample of 157 adults immersed in VR to treat their phobias, (b) compare exposure treatments in-
volving more or less actions and motions (N = 34); and (c) document the usefulness of assessing symptoms prior to the im-
mersion in VR and following up 26 phobic patients 24 hours post-immersion. Overall, results show that most participants
experienced slight side effects, symptoms were strong even before immersion in VR and there are no reasons to be generally
concerned with health and safety issues within 24 hours after therapy sessions. Exposure in VR to treat fear of flying was as-
sociated with fewer side effects than for other anxiety disorders. The scores on the SSQ were much higher than in studies
conducted with non-clinical samples, raising several research questions. Side effects should not be a source of worries but
they must be closely monitored and systematically reported in outcome studies.
Keywords: Simulator Sickness, Cybersickness, Adverse Events, Virtual Reality, Phobias

INTRODUCTION

In the last decade, the use of virtual reality (VR) has been
of great interest to clinicians and researchers because it en-
ables patients to be placed in a standardized and replicable
situation in order to elicit emotions, cognitions or behaviors.
It is now used in several clinical settings (for illustrations,
see Gaggioli, Keshner, Weiss & Riva, 2009; Wiederhold &
Riva, 2009).

Although VR offers several advantages, issues concerning the
health and safety implications of this technology remain
poorly studied in clinical settings. This constitutes a frequent
concern raised by research ethics boards and committees. For
example, there are warnings against the use of VR within
clinical populations such as people suffering from claustro-
phobia, substance abuse or schizophrenia (Stanney, Kennedy
& Kingdon, 2002). Virtual environments have been designed
for use with these populations, but testing these applications
or implementing them in private practice settings means eth-
ical questions may be raised. There is a lack of data available
to address these questions. Worries sometimes associated with
VR come from the induction of unwanted side effects such as
nausea or eyestrain. Virtual reality-induced side effects, also
commonly referred to as cybersickness (McCauley &
Sharkey, 1992), may include symptoms such as discomfort,
vertigo, nausea, eyestrain, headaches, dizziness, epigastric
awareness, cold sweats, hot flashes, increased salivation,
burping, drowsiness, vomiting, etc. (Kennedy, Lane, Berbaum
& Lilienthal, 1993; Lawson, Graeber, Mead & Muth, 2002).
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Cobb et al. (1999) and Wilson (1997) conducted a systematic
analysis of the symptoms and effects of VR immersions. The
technology they used is over a decade old, therefore, some of
their results may not apply to the more efficient VR systems.
Yet, they found that 20 percent of their participants did not
notice any side effects and five percent of their sample expe-
rienced side effects severe enough to stop the immersion. Side
effects are monitored in an increasing number of studies, in-
cluding anxiety (Jang et al., 2002), schizophrenia (Fornells-
Ambrojo et al., 2008) and substance abuse (Girard, Turcotte,
Bouchard & Girard, In press). Unfortunately, in most studies
conducted with clinical populations, VR-induced side effects
are not systematically reported. Only the number of partici-
pants excluded due to strong side effects, also known as ad-
verse events in the pharmacological industry, is mentioned
and the scoring procedures are unclear.

VR-induced side effects may be caused by a variety of factors
(Harm, 2002; Lawson et al., 2002; Sharples, Cobb, Moody &
Wilson, 2008; Viirre & Bush, 2002), including individual sus-
ceptibility to motion sickness, update lag of the computer, tech-
nologies used for the immersion, mode of interaction, weight
and characteristics of the head mounted display, field of view,
content of the visual display, or characteristics of the tasks per-
formed by the user, such as significant motion.

Some measures have been published to assess VR-induced side
effects. For example, some instruments specifically measure
ocular symptoms (Ames, Wolffsohn & McBrien, 2005), others
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provide crude subjective estimates using only one-item self-
rating (Hoffman, Garcia-Palacios, Carlin, Furness III &
Botella, 2003), or measure potential diagnostic criteria for mo-
tion sickness (Miller & Graybiel, 1970). The most frequently
used measurement is the final version of the Simulator Sickness
Questionnaire (SSQ Kennedy et al. 1993) which measures 16
symptoms — general discomfort, fatigue, headache, eyestrain,
difficulty focusing, increased salivation, sweating, nausea, dif-
ficulty concentrating, fullness of head, blurred vision, dizzy
(eyes open), dizzy (eyes closed), vertigo, stomach awareness
and burping. Kennedy et al. (1993) found a three-factor solu-
tion composed of nausea (nausea, burping, increased saliva-
tion), oculomotor symptoms (eyestrain, difficulty
concentrating) and disorientation (dizziness, vertigo). Accord-
ing to Kennedy et al., (1993), the procedure to score the sub-
scales of the SSQ required the addition of all items that load
on a factor and, in order to have a standard deviation of 15,
multiply that sum by a constant weight. The same procedure is
performed for the total score, despite the fact that some items
load on two factors, meaning some items are counted twice.
The factor structure of the SSQ has been questioned (Bouchard,
Robillard & Renaud, 2007) and a two-factor solution may be
more appropriate with all items loading only on the nausea or
oculomotor subscale.

The phenomenon of simulator sickness is not yet perfectly un-
derstood but there is already a large deal of information avail-
able on its signs, causes and potential mechanisms (Harm,
2002; Lawson et al., 2002; Sharpless et al., 2008; Welch, 2002).
However, most information on simulator sickness comes from
non-civilian samples such as Navy pilots (Kennedy, Lane,
Lilienthal, Berbaum & Hettinger, 1992), astronauts (Reschke
et al., 1994) or healthy civilians (Sharpless et al., 2008). Prob-
lematically, these individuals may be in better shape than the
average population and is also important to mention the expe-
rience in a flight simulator or an experimental study is very dif-
ferent from the use of VR in mental health applications.

The aim of this paper is to report three studies documenting
side effects associated with immersions in VR conducted to
treat anxiety disorders. Data collected from a large sample of
patients immediately after their first therapeutic immersion
in VR is described in Study 1 to provide empirical data on the
strength and distribution of SSQ scores. Due to the associa-
tion between physical motion and cybersickness, a compari-
son was made between patients involved in therapies that
require more or less significant motion in the virtual environ-
ment (Study 2). Finally, Study 3 was conducted to test the
usefulness of administering the SSQ prior to immersion in
VR and report symptoms measured at a follow-up 24 hours
after the immersion.

Side Effects of Immersions in Virtual Reality for People Suffering from Anxiety Disorders

Stupy 1

METHOD

The goal of this study is to document, using the SSQ, the severity
of side effects reported after a therapy session with people suf-
fering from an anxiety disorder. Participants were recruited in
the general community following medical referrals and self-re-
ferral following publicity in a local daily newspaper. A structured
clinical diagnostic interview (First, Spitzer, Gibbon & Williams,
1996) was performed in order to establish the diagnoses of spe-
cific phobia of spiders (n = 57), heights (n = 53), flying (n = 25)
or enclosed spaces (n = 22) according to the Diagnostic and Sta-
tistical Manual of Mental Disorders (APA, 1994/2000). The ex-
clusion criteria imposed on the recruitment were: (a) being aged
less than 18 years, (b) not meeting the diagnostic criteria for a
specific phobia, (c) suffering from comorbid disorders (for ex-
ample depression, psychotic disorders, other anxiety disorders,
etc.) requiring immediate treatment, (d) taking drugs prescribed
for anxiety (for example benzodiazepines, anti-depressants), (e)
having previously been immersed in a virtual environment, (f)
suffering from migraine headaches and (g) considering oneself
very susceptible to motion sickness. The total sample was com-
prised of 157 participants, with 122 females and 35 males whose
age varied between 18 and 68 years old (M =39.73; sd = 12.57).

Therapists with basic training in cognitive-behavioral therapy
and the use of VR carried out the procedures and the treatment.
The patients came to the clinic for therapy sessions lasting ap-
proximately 60 minutes long. The treatment consisted essen-
tially of exposure to feared stimuli using VR and followed a
standardized treatment manual. The protocol required the ther-
apists to devote the pre-treatment session to diagnostic, selec-
tion procedures, informed consent and assessment. During the
first therapy session, the patient was introduced to the treatment
and became familiar with case conceptualisation, understanding
the cognitive-behavior model and approach to treatment and the
basics of exposure. The patient also tried the VR system for 10
minutes in a neutral virtual environment or a VR environment
irrelevant to their phobia. Exposure to VR before initiating ther-
apy was introduced in the protocol to make sure participants
were familiar with key concepts, such as VR-induced side ef-
fects, before beginning use of VR to face their fears. From the
second therapy session onward, the treatment consisted essen-
tially in in virtuo exposure to feared situations (Bouchard, Coté
& Richard, 2006). After the therapy session, all participants
were required to remain in the clinic’s waiting room for 15 min-
utes before leaving. This time allowed patients to fill out ques-
tionnaires and make sure no significant VR side effects were
present. It is worth noting that after the 15-minute waiting pe-
riod, none of the participants in the three studies reported side
effects. However, no empirical data was recorded before they
left to substantiate that information.
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The VR systems used for immersion remained the same within
the course of a patient’s therapy, but changed during data collec-
tion. Although this lack of standardization limits conclusions on
hardware factors and content of the virtual environment associ-
ated with potential side effects, it has the advantage of increasing
the ecological validity of our results. The computers used ranged
from a IBM Pentium III (866 Mhz, 128 Meg of RAM with an
ATI Radeon 64 Meg graphic card) to a HP wx4600 workstation
(3 GHz, 3.48 GB of RAM, with an ASUS GeForce 8800GTX
768 Meg graphics card). Three sets of head mounted displays
and trackers were used over the years —a VFX3D (resolution of
640x480, FoV 35° diagonal; IISVR Systems) with build-in 3 dof
tracker, an [-Glass (resolution of 640x480, FoV 26° diagonal; I-
O Display Systems) coupled with an Intertrax2 tracker (3 de-
grees of freedom; InterSense) and a z800 (resolution of 800x600,
FoV 40° diagonal; eMagin) with build-in 3dof tracker. Forward
and backward motions were enabled using a Microsoft joystick
or a Gyration wireless mouse. A variety of VR environments
were used in order to maximize ecological validity. Some were
developed using 3D game engine (Unreal Tournament 2000 ®,
Max Payne ®) and other were purchased from Virtually Better
(http://www.virtuallybetter.com/). All have been previously de-
scribed in outcome studies (Bouchard, Coté, Robillard, St-
Jacques & Renaud, 2006; Bouchard, St-Jacques, Coté, Robillard
& Renaud, 2003; Bouchard, St-Jacques, Robillard, Coté & Re-
naud, 2003; Rothbaum et al., 1996).

MEASURES

THE SIMULATOR SICKNESS QUESTIONNAIRE (SSQ; KENNEDY ET AL.,
1993).

The 16 items of the SSQ are scored on a zero, meaning none, to
three, or severe, scale. Kennedy et al. (1993) proposed to score
the SSQ using the following procedure: (a) for the nausea sub-
scale, sum items 1, 6, 7, 8, 9, 15, 16 and multiply by 9.54; (b)
for oculomotor subscale, sum items 1, 2, 3,4, 5,9, 11 and mul-
tiply by 7.58; (c) for disorientation subscale, sum items 5, 8, 10,
11, 12, 13, 14 and multiply by 13.92; (d) for the total score, sum
all items used in a subscale (i.e., items 1, 5, 8, 9 and 11 are
counted twice) and multiply by 3.73. Because many researchers
and clinicians do not follow this scoring procedure, we also cal-
culated the raw total score of all 16 items, meaning there was no
weighting and no items counted more than once. With the pro-
posed revised factor structure, Bouchard et al. (2007) also sug-
gested to simplify the scoring of the SSQ by dropping the
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weighting procedure for the subscales. Only scores measured
after the first in virtuo exposure session are reported in Study 1.

A ONE-ITEM RATING OF CYBERSICKNESS

This rating was also completed by a subset of 66 patients every
five minutes during the immersions using a 0 to 100 scale using
the prompt “To what extent do you feel cybersickness right
now?” A similar procedure has already been used by Hoffman
et al., (2003). Much like using Subjective Units of Discomfort
during exposure therapy, the one-item rating allows therapists to
follow the evolution of side effects during exposure while trying
to be the least intrusive as possible. Participants had been edu-
cated about the symptoms and potential causes of VR-induced
side effects, referred to as cybersickness. At the pre-treatment
session, they received a leaflet describing the most important
symptoms. Only scores measured during the first in virtuo ex-
posure session have been collected.

RESULTS

The descriptive data provided in Table 1 revealed that SSQ
scores are high when participants are involved in an in virtuo ex-
posure therapy session for the first time. When looking at Figure
1, it appeared that more than 80 percent of the participants re-
ported raw scores of 10 or less. Using a subjective cut-off of re-
porting “slight” symptoms on each of the 16 items, 7.6 percent
of our sample reported a raw score above 16. The mean for each
of'the 16 items ranged between .09 to .80 and the standard devi-
ation ranged between .33 and .89, suggesting that side effects
were generally rated as less than “slight” on all items. None of
the participants had to stop the immersion due to side effects,
even though they had been told they could if needed. An ANOVA
comparing the diagnostic groups revealed significant differences
among the participants (F (3,134) = 4.27, p < .01), with those
being immersed in VR to treat their claustrophobia reporting a
significantly higher score on the SSQ (60.81, sd = 43.47), than
all other phobias (arachnophobia = 35.42, sd =27.25; acrophobia
= 33.04, sd = 29.4; aviophobia = 27.81, sd = 28.34).

The one-item self-rating provides additional insight into the
severity of the side effects. On the subjective scale ranging from
zero to 100, most scores were very low but a few patients re-
ported feeling up to 95 percent cybersick. The change in self-
ratings over the course of the therapy session was not significant
(repeated ANOVA, F = 48, ns).
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Table 1

Virtual reality induced side effects in a sample of 157 phobics immersed in VR during their first exposure therapy session

Mean SD Minimum Maximum
Original SSQ Scoring
Total score (weighted) 36.27 31.46 0 145.86
Nausea subscale (weighted) 27.47 28.51 0 133.56
Oculomotor subscale (weighted) 30.49 25.6 0 106.12
Disorientation subscale (weighted) 38.83 41.32 0 208.8
Alternative SSQ scoring
Total score (not weighted) 7.12 6.04 0 26
Nausea subscale (not weighted) 3.51 3.69 0 20
Oculomtor subscale (not weighted) 2.86 2.58 0 11
One-item subjective self-rating (%)
After S minutes 4.09 12.82 0 90
After 10 minutes 4.28 13.84 0 95
After 15 minutes 4.47 12.94 0 80
After 20 minutes 6.23 14.81 0 75
After 25 minutes 6.89 17.39 0 83
After 30 minutes 6.3 14.98 0 65
After 35 minutes 6.65 16.81 0 88
After 40 minutes 7.01 16.03 0 75

Note. SSQ = Simulator Sickness Questionnaire



Bouchard, St-Jacques, Renaud and Wiederhold

Figure 1
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Distribution of raw (not weighted) SSQ total scores in Study 1 (N= 157)
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Given differences observed between the diagnostic groups in
Study 1, a decision was made to compare side effects experi-
enced by participants in virtuo exposure sessions requiring ei-
ther more or less physical motion. In order to maximize
ecological validity of our results, an open-trial naturalistic ap-
proach was favored over a more-controlled experimental de-
sign (i.e., instead of using a homogenous sample involved in a
standardized experimental manipulation). Clinical observations
showed that patients involved in more active in virtuo exposure
sessions, such as walking in the virtual environment, report
more side effects than those involved in less active sessions,
such as acting as passengers in an airplane.

The recruitment and selection procedures performed similarly
to Study 1, except for diagnoses and administration of the
measures (see below). Based on the diagnostic interview, the
sample consists of participants treated with VR for a specific
phobia of flying (n = 22), driving (n = 7), enclosed spaces (n
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= 1), public speaking (n = 1), height (n = 1), or for panic dis-
order with agoraphobia (n = 1) and post-traumatic stress dis-
order (n =1). Of'those 34 participants, 27 were women (mean
age =44.30, sd = 12.59) and seven were men (mean age 38.71,
sd = 16.07). Since exposure therapy for a phobia of flying re-
quires patients to move significantly less in the virtual envi-
ronment than exposure for other disorders, participants were
assigned to two groups — "more passive" exposure with par-
ticipants receiving exposure for flying phobia (n = 22) and
“more active" exposure with those receiving exposure for
other anxiety disorders mentioned above (n =12).

The treatment consists of in virtuo exposure delivered over
an average of nine weekly 60-minute sessions. The treatment
was delivered by therapists who had received preliminary
training in CBT aided by the use of VR. Like Study 1, the
treatment protocol focused essentially on in virtuo exposure
to feared a situation. For the more passive group, exposure
entailed observing surroundings from a passenger seat and
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while the therapist controlled the events occurring to the pa-
tient such as taxi, take off, flying under good or bad condi-
tions and landing. Participants in the more active group were
invited to move around in the virtual environment, approach
feared stimuli and turn 360 degrees to explore the virtual en-
vironment. The hardware used for this study consisted of a
Pentium IV PC with a DirectX 3D Accelerator VGA graphics
card, an I-Visor DH-4400VPD head mounted display (reso-
Iution of 800x600, FoV 31° diagonal; Daeyang Inc.), an In-
tertrax2 tracker (3 degrees of freedom; InterSense) and a
Microsoft joystick.

Table 2

Side Effects of Immersions in Virtual Reality for People Suffering from Anxiety Disorders

Participants completed the Simulator Sickness Questionnaire
(Kennedy et al., 1993) after every exposure session and results
were averaged over the treatment program. The SSQ was
scored following Kenendy et al. (1993) procedures.

RESULTS

An ANOVA was performed to compare the SSQ scores over
the course of therapy (see Table 2). Results revealed that more
active exposure-based treatment in VR led to significantly
more side effects, both on the total score and the nausea sub-
scale of the SSQ.

Virtual reality-induced side effects in patients involved in more or less active in virtuo exposure session (N = 34)

Simulator Sickness More active exposure More passive exposure ANOVA
Questionnaire F(1,32)
Total score 42.08 23.12 4.63*
(33.91) (17.79)
Nausea subscale 41.34 18.21 7.43%*
(36.23) (12.80)
Oculomotor subscale 30.32 23.77 952
(19.92) (18.01)
Disorientation subscale 40.60 15.82 3.32
(46.53) (32.52)

Note. Mean score, with standard deviation in brackets. * p <.05, ** p <.01

STUDY 3

METHOD

The goal of the third study was to follow-up on participants 24
hours after their immersion in VR to explore whether or not they
were still experiencing side effects. The study was also used to
test the suggestion from Kennedy et al. (1993) to administer the
SSQ prior to immersion in order to take into account pre-existing
symptoms.

The selection criteria were the same as Study 1, except partici-
pants suffered from a phobia of snakes. The sample consisted of

26 adults aged between 27 and 68 years old (Mean = 43.65, sd
= 11.58). The participants were mostly female, making up 81.5
percent of the study.

A therapist with preliminary training in CBT using the aid of VR
carried out the procedures. Following their recruitment, partici-
pants were immersed for 15 minutes in a virtual environment de-
signed to elicit fear in sufferers of snake phobias. The VR
immersions were conducted using an IBM computer (Pentium
111, 866 Mhz, 128 Meg RAM), an ATI Radeon 64 Meg graphic
card, an I-Glass head mounted display (resolution of 640x480,
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FoV 26° diagonal; I-O Display Systems), an Intertrax2 tracker (3
degrees of freedom; InterSense) and a Microsoft joystick. The
virtual environment used a modified map from the 3D game Un-
real Tournament®. The participants completed the Simulator
Sickness Questionnaire (Kennedy et al., 1993) on three occasions
— before the experiment, immediately after the immersion and 24
hours after the immersion. The SSQ was scored according to pro-
cedures outlined by Kennedy et al. (1993).

REsuLTS

A repeated-measures analysis of variance (ANOVA) was per-
formed on the total score of the SSQ as well as the three sub-
scales proposed by Kennedy et al. (1993). Descriptive statistics
and results from the repeated measures contrasts are reported in
Table 3. The SSQ scores were already high before beginning the
experiment. The repeated measures ANOVA for the total score
revealed a significant decrease over time [F(2,50) = 14.09, p <
.001]. The repeated measures contrasts revealed the immersion
in virtual reality did not cause a significant increase in symp-
toms’ severity from pre to post-immersion (partial eta squared

Table 3
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measure of effect size =.001) and the severity of patients’ symp-
toms was significantly lower on the day following the experi-
ment (partial eta squared measure of effect size = .43).

Similar findings were found for all three subscales of the SSQ:
(a) nausea [F(2,50) = 8.33, p <.01]; (b) oculomotor [F(2,50) =
11.54, p <.001]; and (c) disorientation [F(2,50) = 5.95, p <.01].
Pre-experiment scores on the SSQ subscales suggested the pres-
ence of symptoms although no immersion had been performed.
The immersion in VR did not have any significant impact on
the nausea and oculomotor subscales, with non-significant de-
creases in symptoms associated with extremely small effect
sizes (.001 and .02, respectively). For the disorientation sub-
scale, a non-significant increase in symptoms of a medium-ef-
fect size (partial eta squared measure of effect size = .08) was
found. For all three subscales, a significant reduction in symp-
toms in the 24 hours following the immersion (see Table 3) was
observed. Even though symptoms were much lower on the day
post-immersion than before the experiment, there were close to
none only on the disorientation subscale.

The evolution of virtual reality induced side effects in phobics from pre-immersion to post-immersion and 24 hours later (N = 26)

Repeated measures | Repeated measures
contrasts contrasts
Simulator Sickness Pre immersion Post immersion | 24 hours follow-up Pre vs Post Post vs follow-up F
Questionnaire F (1,25) (1,25)
Total score 11.36 11.8 .86 .04 18.9%%*
(10.44) (12.23) (2.66)
Nausea subscale 8.81 8.43 .37 .02 11.25%*
(10.77) (11.86) (1.87)
Oculomotor 13.12 11.37 1.46 .59 13.63%**
subscale (13.99) (13.09) (4.3)
Disorientation 5.35 10.71 0.00 2.28 9.96%**
subscale (11.19) (17.3) (0.0)

Note. Mean score, with standard deviation in brackets. * p <.05, ** p <.01, *** p <.001




134

DiscussioN

In this paper, data was presented on the SSQ as a measure of side
effects experienced by anxiety disorder sufferers exposed to their
fears in virtual reality. Side effects of VR, also referred to as cy-
bersickness, are symptoms not purposefully induced by the treat-
ment. Hence, signs of anxiety and panic experienced by patients
during in virtuo exposure should not be considered side effects,
as opposed to headache, blurred vision or dizziness. The delib-
erate focus on clinical applications and populations influenced
methodological decisions and led the authors to favor ecological
validity over internal validity and standardization. It is hoped
that these findings will encourage experimental scientists to con-
duct more robust investigations, help clinical researchers answer
questions raised by research ethics boards and guide clinicians
in their application of in virtuo exposure.

The side effects reported by the clinical sample in Study 1 sug-
gest that most participants experienced side effects yet the sever-
ity of the symptoms remained generally low. This is consistent
with previous reports that minor VR-induced side effects occur
in most people (Cobb et al., 1999; Lamson et al., 2002). Yet,
some participants scored very high on the SSQ, showing that it
is important for therapists to monitor side effects during in virtuo
exposure for phobias. It is also important to note that SSQ scores
in our sample were much higher than those reported by Kennedy
et al. (1993) with their normative sample of Navy and Marine
corps involved in flight simulations. Based on 1099 participants,
Kennedy et al. (1993) proposed an average total (weighted) score
of 9.8 (sd = 15), with scores above 30 fitting in the 90th per-
centile. Their maximum score was 108.6. Our average total score
was 36, meaning the symptoms in our sample occupied, in gen-
eral, the 90th percentile. In addition, our maximum scores
strongly exceeded those in the normative sample provided by
Kennedy et al. (1993). The procedure proposed by Kennedy et
al. (1993) requires counting some symptoms twice, which may
have contributed to a higher total score. For example, a patient
reporting only slight general discomfort (item 1) would obtain a
total score of 7.48, placing them in the 60th percentile. Looking
at raw scores provided a clearer picture and revealed that symp-
toms were varied and generally mild. High total scores appear
to originate from many symptoms receiving a rating of slightly
present. It is worth noting that participants in Kennedy et al.’s
(1993) normative sample consist only of healthy people since
people who were not considered in their usual state of fitness
prior to the immersion were excluded. In addition, their partici-
pants had already been through simulator training and may not
be representative of the middle-aged civilian population gener-
ally consulting for anxiety disorders. Yet, based on the profile of
SSQ scores amalgamated over 29 studies (Stanney et al., 2002),
our results still fit among the 95th percentile. According to Stan-
ney et al. (2002), such high scores should be associated with sig-

Side Effects of Immersions in Virtual Reality for People Suffering from Anxiety Disorders

nificant drop-out from immersions, which was not the case in
our three studies. Since people suffering from anxiety disorders,
including claustrophobia, may be more susceptible to motion
sickness (Faugloire, Bonnet, Riley, Bardy & Stoffregen, 2007),
higher SSQ scores may be specific to the population studied
here. This is partially corroborated by Robillard, Bouchard,
Fournier and Renaud’s (2003) study comparing reactions of peo-
ple with phobias and those without phobias being immersed in
the same VR environments. Given the small sample size of 13
participants per group, the differences they reported on the total
score and the nausea subscale of the SSQ did not reach statistical
significance. However, the effect sizes were in the medium range
and the differences would have been significant with a sample
of 90 participants. The results of the three studies call for a con-
trolled comparative study of anxious and non-anxious people
immersed in VR, and probably even a comparison between the
different anxiety disorders.

Results of the one-item self-rating scale support the contention
that symptoms are low for most, but not all, participants. The
intensity of cybersickness was rated by participants as four to
seven percent when measured during the immersion, yet a few
people rated their symptoms as high as 90 percent. Symptoms
also remained stable during the exposure session. Testing is
needed to explore whether side effects change over longer and
repeated immersions (Kennedy, Stanney & Dunlap, 2000;
North, North & Coble, 1996). Another important factor that
must be studied more thoroughly is the potential overlap be-
tween symptoms induced by exposure and those caused by the
immersion in virtual reality. When patients are exposed to
feared stimuli, it is expected that they will feel anxious. Expo-
sure causes patients to sweat and may lead to general discom-
fort, difficulty concentrating, fatigue, blurred vision and other
symptoms. These symptoms, and even those of the apprehen-
sion that builds up before the exposure session, may be con-
fused with cybersickness. Further research should be conducted
on this potential overlap to delineate which symptoms are
caused by exposure and which symptoms are side effects of the
immersion.

The significant difference between the patients treated for
claustrophobia and the other phobias deserves attention. It is
known that various factors such as computer lag and moving
visual fields contribute to simulator sickness (Lawson et al.,
2002). Since the virtual environment used with some phobia
sufferers required them to walk and explore the virtual envi-
ronments significantly more than others, we decided to com-
pare the side effects of in virtuo exposure for patients whose
therapy involved a much smaller range of motion than others.
The results of Study 2 show that people suffering from flight
phobia reported less symptoms than those suffering from other
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anxiety disorders. Consistent with the hypothesis of activity
and range of motion involved during the exposure session, the
difference was specific to the nausea subscale. Given the lack
of random assignment, measures of actual physical motion and
homogeneity in the virtual stimuli, we cannot conclude that our
finding is specific to the amount and type (e.g., rotations, for-
ward motion) of movement performed during the therapy.
While the medical and psychological communities are waiting
for such studies to be conducted, found results support the clin-
ical impressions that more active in virtuo exposure sessions
are associated with more cybersickness than what is found
when treating people for flying phobia.

Measuring symptoms of VR-induced side effects prior to and
long after the immersion led to very interesting observations.
First, the high SSQ scores found in Study 1 and 2 may be in-
flated by the physical and emotional state of the participants
before the immersion. The symptoms in Study 3 were already
quite strong and the immersion did not cause any significant
increase in SSQ scores. Previous studies have already reported
the existence of symptoms prior to immersions (Fornells-Am-
brojo et al., 2008; Kennedy et al., 1993; Sharples et al., 2008),
but not with people undergoing in virtuo exposure. Also, symp-
toms reported in Study 3 prior to and after the immersion were
lower than in Study 1 and 2. Second, the low SSQ scores re-
ported 24 hours after the immersion support the clinical im-
pressions that, if in virtuo exposure caused side effects, they
do not last long after the immersion. In addition, the lower
scores during the follow-up sessions suggest that symptoms re-
ported prior to the experiment may be more related to situa-
tional factors, such as anxious apprehension, than chronic
conditions like poor health. Our findings are important for re-
searchers because they highlight the need to systematically ad-
minister the SSQ prior to immersion to provide control for the
state of the patient. They also suggest that the high SSQ scores
reported in Study 1 and 2 should be interpreted with caution as
they may be inflated by pre-immersion discomfort, apprehen-
sion and health status. Finally, the findings provide reassuring
information for clinicians, showing that side effects do not last
as long as 24 hours. To offer a more complete picture on the
lasting effects of side effects, the assessment of change in
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symptoms should be conducted at shorter time intervals, such
as every 10 minutes during a few hours, and with a more fine-
grain analysis of symptoms.

As clinicians are venturing further into the field of VR, side ef-
fects should not be a worry but it is important to monitor them
regularly. Researchers, however, should be mandated to sys-
tematically measure and report side effects in their outcome
studies. Symptoms should be measured before each immersion
or before beginning treatment and participants dropping out be-
cause of side effects must be reported as well. Procedures to
score the SSQ should be made explicit in peer-reviewed papers.
Based on informal discussions with clinicians, it appears many
were not aware of the scoring procedures of the SSQ and used
the raw scores from the 16 items to compare patient’s results
with the Kennedy et al., (1993) normative sample. In addition,
results may be biased by sample characteristics specific to anx-
iety disorders, potential differences among anxiety disorders,
and tasks performed during in virtuo exposure.

One of the challenges of studying health and safety issues lies
in the complexity of VR-induced side effects. Factors such as
hardware and software used for immersion, visual content of
the virtual environment, actions performed by the user and
population characteristics all influence the side effects that can
be experienced by the patient (Cobb et al., 1999; Harm, 2002;
Lawson et al., 2002; Sharpless et al., 2008; Stanney et al.,
2002; Viirre & Bush, 2002; Welch, 2002). With technology
evolving rapidly, hardware and software issues change over
time. The pharmacological approach of documenting adverse
events and listing side effects specific to each product cannot
be applied directly to virtual reality because of the diversity
of VR environments and actions performed by patients. There-
fore, neither the results of rigorous experimental studies or
naturalistic and ecological studies are sufficient on their own
to provide a complete picture of cybersickness in clinical pop-
ulations. Both are needed and systematic examination of VR-
induced side effects must be conducted within other clinical
populations (e.g., obesity, substance abuse), with different age
groups (e.g., children, elderly) and with a variety of actions
performed in VR (e.g., assessment, therapy.)
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MOTIVATIONAL DIFFERENCES IN
PROBLEM VIDEO GAME PLAY

Daniel King' and Paul Delfabbro!

Self-determination theory states that motivation plays an important role in initiating, developing and maintaining involvem%
within an activity. The present study applied this theory to video game playing and surveyed 399 video game players, 82 percent
of which were male with a mean age of 20.3 years old, on measures of video game playing involvement, motivation to play video
games and problem video game play. Participants were obtained from various video game retail outlets, Internet cafes, and LAN
gaming businesses. The results showed that extrinsic motivations to play video games, such as tension release, social approval
and external regulation by in-game rewards, and amotivation, or playing without a sense of purpose about the activity, were sig-
nificant predictors of problem video game playing. The results were discussed in terms of their application to identifying and as-
sisting young people with potentially problematic levels of video game playing.
Keywords: Motivation, Video Game Play, Behavioral Addiction, Self-Determination, Problem Involvement

INTRODUCTION

The notion that excessive video game playing may represent a
problematic activity in its own right has received increased aca-
demic attention (Griffiths, 2008; Griffiths & Davies, 2005;
Salguero & Moran, 2002). In the last decade, researchers have iden-
tified a subgroup of players, particularly players of online role-play-
ing games like World of Warcraft, who report playing over 50 hours
per week (Griffiths, Davies & Chappell, 2003). Numerous other
studies have identified high use of video games, although the meth-
ods used to classify heavy or excessive use have varied greatly
(Charlton & Danforth, 2007; Christakis, Ebel, Rivara & Zimmer-
man, 2004; Chui, Lee & Huang, 2004; Fisher, 1994; Fleming &
Kraut, 2007; Ladouceur & Dube, 1995; Ng & Wiemer-Hastings,
2005; Phillips, Rolls, Rouse & Griffiths, 1995; Salguero & Moran,
2002; Yee, 2006). Nevertheless, it is generally agreed by a number
of researchers that such high levels of involvement are likely to
have deleterious effects on individuals if they are maintained over
time. In addition to having impacts on a person’s psychological and
physical functioning, shown in lack of sleep and exercise or limited
mobility, excessive playing may also compromise work and study
commitments and decrease opportunities for other social activities.
However, the more controversial element of this area of research
is whether or not excessive playing should be treated similarly to
recognized behavioral addictions such as pathological or problem
gambling (Griffiths, 2008a).

In a number of papers, Griffiths advances the view that video game
playing is a form of addictive behaviour because it shows similari-
ties to gambling (Griffiths, 1991a; Griffiths, 2008a; Griffiths, 2008b;
Griffiths & Wood, 2000). As with gamblers, video game players
find it difficult to resist the urge to participate, find it difficult to
cease the behavior, become preoccupied with playing, and, as indi-
cated above, can experience psychological, physiological and social
harm if they participate excessively. However, this view has been
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challenged on a number of grounds by several authors. For example,
Jaffe (1990) has argued that the application of the term “addiction”
to non-chemical repetitive behaviors may be indiscriminate, which
may de-emphasize the importance of identifying specific mecha-
nisms which maintain certain problem behaviors. Similarly,
Blaszczynski (2006) has argued that researchers must avoid the trap
of accepting self-reported accounts of addiction from computer-
users as a basis for the validity of technological addictions, and sug-
gested that the field needs empirical evidence of neuro-adaptive
changes in addition to psychological dependency and lack of control
before these appetitive behaviors may be accepted as bona-fide ad-
dictions. Schaffer, Hall & van de Bilt (2000) and Wood’s (2007) re-
views of the literature on computer and video game “addiction”
have each concluded that there is insufficient evidence to suggest
that so-called computer-based “addictions” exist as a singular, pri-
mary disorder, and they posit that excessive involvement may in-
stead reflect an underlying psychopathological condition. Warden,
Phillips and Ogloff (2004) also warned of the various legal conse-
quences of formally recognizing technological addictions such as
Internet addiction, particularly with regard to how these technolo-
gies could be subject to various legislative controls, and the greater
admissibility of technological addictions as a valid form of psycho-
logical evidence in the legal system.

Despite the controversies concerning the term “addiction” when
applied to video games, most researchers, including critics, are
nonetheless willing to accept that excessive video game playing
can have deleterious consequences and is therefore a topic worthy
of research. For this reason, it is likely that useful advances in this
area might be best served by an approach that examines excessive
VG play, not as an identifiable diagnostic category, but as an end-
point of a continuum of playing that has an extensive normal
range, but a potential to become problematic or for harm to de-
velop. Accordingly, to understand the phenomena requires the
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identification of predictors, correlates, or risk factors that co-vary
with higher levels of involvement and, in particular, those which
typically lead to reports of harm. In light of this, the aim of this
paper was to examine the extent to which recent developments in
motivation and self-determination theory, previously applied to
gambling, might reasonably be extended to examine video game
play. The strength of this approach is that it does not make the pos-
sibly unfounded assumption that excessive video playing is a
bona-fide addiction. It also provides a way in which to conceptu-
alize how normative and healthy video game playing might be dif-
ferentiated from behavior that has a greater likelihood of leading
to harm.

SELF-DETERMINATION THEORY

A theory which has yielded some useful insights into variations in
other repetitive and potentially harmful behavior is the self-deter-
mination theory. The self-determination theory attempts to explain
why some individuals demonstrate highly-committed, autonomous
and self-motivated behavior, referred to as high self-determination,
whilst others engage in passive, indolent and apathetic behaviors,
or low self-determination (Deci & Ryan, 2000). The theory con-
ceptualizes all human behavior as a motivational consequence and
suggests that an individual is self-determined when he or she is in-
trinsically motivated. In contrast, a person lacks self-determination
when their behavior is primarily extrinsically motivated. Self-
determination has been associated repeatedly with increased psy-
chological functioning in a number of contexts, including
education (Vallerand, Blais, Briere & Pelletier, 1989), interper-
sonal relationships (Blais, Sabourin, Boucher & Vallerand,
1990), work (Blais, Briere, Lachance, Riddle & Vallerand,
1993), sport (Ingledew, Markland & Sheppard, 2003) and leisure
(Losier, Bourque & Vallerand, 1993). Recently, the theory has
also been used to conceptualize problematic behavior, such as
behavioural addictions (Clarke, 2004), and predict how individ-
uals will respond to addiction therapy (Leblond, Ladouceur &
Blaszczynski, 2003; Wild, Cunningham & Ryan, 2000).

The self-determination theory is largely concerned with motiva-
tional orientation. Motivation involves both internal and external
forces that trigger, direct, develop and maintain involvement in
an activity (Ryan & Deci, 2000). Three main types of motivation
have been proposed (Chantal & Vallerand, 1996). The first type
is “intrinsic” motivation, when an individual behaves in response
to some internal state, such as a desire to learn, or be pleased or
excited, or seek some other kind of inherent satisfaction. The
second is “extrinsic” motivation, when an individual is acting
primarily in response to external forces, such as rewards of some
kind, like money, or by the influence of others, such as peers or
persons of higher authority. The third type is “amotivation,”
which refers to behavior that is neither intrinsically nor extrinsi-
cally motivated, characteristic of a person who has lost their
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sense of choice and control over their behavior (Chantal &
Vallerand, 1996).

In the first-published application of self-determination theory to
behavioral “addictions,” Vallerand, Chantal, Vallerand and Val-
lieres (1995) hypothesized that highly intrinsically motivated
gamblers — those who played for positive feelings of efficacy,
curiosity, interest and enjoyment — would report greater involve-
ment in gambling than extrinsically motivated gamblers, who
played for the rewards of gambling, such as money and social
recognition. The results showed that high self-determination, a
function of high intrinsic motivation and low extrinsic motiva-
tion, was significantly positively correlated with gambling in-
volvement. However, it was not clear from their results whether
motivational orientation differed between problem and non-
problem gamblers. A follow-up study by Ladouceur, Arsenault,
Dube, Freeston and Jacques (1997) surveyed 110 gamblers using
measures of gambling involvement, problem gambling and the
motivation to gamble. The researchers found that probable
pathological gamblers (N = 30) scored significantly higher on
the GMS subscales for intrinsic motivation for excitement, ex-
trinsic motivation for introjected regulation and amotivation.
Similar findings were also obtained by Clarke (2004), who sur-
veyed 147 New Zealand university students and found that be-
yond gambling frequency, number of activities and parents’
gambling, motivation explained a substantial proportion of vari-
ance in SOGS scores. Also, the strongest predictors of problem
gambling included amotivation and the motivations for accom-
plishment and tension release. Clarke and Clarkeson’s (2007)
study of 104 older adult gamblers showed that the strongest mo-
tivational predictors of problem gambling were intrinsic moti-
vation to experience stimulation and amotivation.

These results led to the suggestion that problem gambling may
be influenced by the dual-process of positive and negative rein-
forcement (Clarke, 2004). Problem gamblers are positively re-
inforced by the excitement of wins delivered periodically on
variable-ratio reinforcement schedules inherent within games of
chance, but also by the way in which gambling relieves feelings
of guilt or tension. These motivations to obtain stimulation and
to relieve tension override any intentions to reduce or stop gam-
bling. Ladouceur et al. (1997) has suggested that problem gam-
blers will continue to gamble despite the adverse consequences
of doing so because the person does not always perceive the re-
lationship between their gambling behavior and the conse-
quences or “amotivation.”

Given the many similarities between gambling and video
game playing, particularly with regard to the structural char-
acteristics of both activities (Fisher, 1994; Griffiths, 1991a;
Gupta & Derevensky, 1996; Johansson & Gotestam, 2004;
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Ladouceur & Dube, 1995; Wood, Gupta, Derevenksy, & Grif- Table 1 presents the conceptual definitions of all seven types
fiths, 2004), it is not difficult to apply a gambling model of  of motivation as they relate to video game playing. Table 1
motivation to problematical levels of video game playing. shows that it is possible to define each type of motivation in
Problem video game playing may be conceptualized as a mal-  the context of video-gaming, so that findings obtained previ-
adaptive motivational consequence characterized by low self-  ously with gamblers can be investigated using a similar
determination and thus poorer psychological functioning. methodology.

Table 1

Conceptual definitions of seven types of video game playing motivations

Motivation type

Definition

Intrinsic motivation to know

Video game playing for the pursuit of knowledge about the game, including
learning, exploring and understanding all of the elements of the game.

Intrinsic motivation to accomplish

Video game playing for the internal need to finish the game or overcome its
challenges, as well as improve one’s skill at the game.

Intrinsic motivation to experience stimulation

Playing video games for the pleasure and
excitement associated with the activity.

External motivation — Introjected

Playing video games for a release of tension or guilt.
Paradoxically, it may be that these negative feelings are caused by
the excessive amount of time spent playing video games.

External motivation — Identified

Video game playing for internal values such as social recognition.

External motivation — External regulation

Video game playing for the rewards, items, or
achievements in the video game.

Amotivation

Playing video games to play to relieve the feeling of boredom but without

any purpose, apathetic, mentally disengaged and with little sense of meaning.

Note. Extrinsic motivation involves being part of a positive and negative reinforcement schedule: receiving or avoiding some-
thing (i.e., the player is being influenced by a reward system).
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THE PRESENT STUDY

The present study employed the self-determination theory to in-
vestigate the relationship between motivation and problem video
game playing. Previous research suggests that problem gamblers
are distinguished by high levels of intrinsic motivation to expe-
rience stimulation, extrinsic motivation for identified regulation
and amotivation. That is, they are more likely to gamble to fill
an emotional need rather than to gamble for a specific purpose,
such as to enhance knowledge or skill. Accordingly, this study
had two hypotheses. The first was that greater involvement in
video game playing would be associated with higher levels of
all types of video game playing motivation. The second was that
intrinsic motivation to experience stimulation, extrinsic motiva-
tion for identified regulation and amotivation would predict ad-
ditional unique variance in problematic video game playing
scores beyond the video game playing variables.

In addition, because males often report higher levels of video
game playing and are over-represented in studies of problematic
video game play (Griffiths, Davies & Chappell, 2004a, 2004b;
Griffiths & Hunt, 1995; McClure & Mears, 1984; Yee, 2000), it
was reasoned that any analyses conducted would control for gen-
der differences prior to testing other, more specific hypotheses
relating to motivation.

METHOD

PROCEDURE

Participants were obtained by visiting various video game retail
outlets, Internet cafes, and LAN gaming businesses in the city of
Adelaide, South Australia. This sampling method was based on
previous research that has investigated excessive gambling
among patrons of gambling venues (Griffiths, 1991b; Ladouceur
& Dube, 1995). This approach was particularly useful for identi-
fying frequent players. Participants were informed of the purpose
of the study and told that their responses would be completely
confidential. Participants who agreed to take part in the study
signed a consent form and were given a paper-and-pencil survey
to complete on their own.

PARTICIPANTS

A total of 399 participants completed the survey, including 328
males and 71 females. The mean age of the participants was 20.3
years old (SD = 5.1). The majority of the participants were single
(N = 249) and reported having a white, English-speaking back-
ground (N =371). In general, participants were studying towards
or had completed their secondary school education (N =209) or
undergraduate degree (N = 114) and were unemployed (N = 112)
or working on a casual basis (N = 198). In terms of video game
playing variables, the average respondent had approximately 10
years (SD = 5.6) experience playing video games and reported to
play three different video games concurrently in the last month.

Motivational Differences in Problem Video Game Play

A typical week of video game playing was consisted of 17.8 hours
on either a personal computer and/or dedicated games console
with an average playing session lasting two hours (SD = 1.4) on
a weekday and 2.9 hours (SD = 2.3) on the weekend.

MATERIALS

VIDEO GAME PLAY SURVEY

This survey measured a person’s duration of play (in hours) on
different video game systems for each day of the week in a typ-
ical week in the last three months. This measure yielded an over-
all number of hours spent each week playing video games.

PROBLEMATIC VIDEO GAME PLAYING TEST (PVGT)

The PVGT is a modified version of Young’s (1998) Internet Ad-
diction Test, a 20-item questionnaire designed to measure prob-
lematic aspects of Internet use. Each item on the test was modified
to accommodate problematic video game playing. One item, for
example, asks “Do you feel preoccupied with video games when
not playing?” All questions refer to problems experienced for a
period of at least three months. Each item was scored on a five-
point Likert scale, ranging from one representing “never” to five
representing “always.” Thus, total scores ranged from 20 to 100.
In the present study, the PVGT demonstrated excellent internal
consistency, with a Cronbach’s alpha of .93. Validation by King
and Delfabbro (2008) showed that the PVGT shows high internal
consistency and moderate convergent validity, and the measure
corresponds well with the components model of addiction.

VIDEO GAME PLAYING MOTIVATION SCALE (VGMS)

The VGMS is an adapted version of the Gambling Motiva-
tion Scale (Chantal, Vallerand & Vallieres, 1994), a 28-item
measure of a person’s motivation to gamble. Each item is
scored on a seven-point Likert scale, ranging from “not at
all” to “exactly.” The VGMS measures seven types of moti-
vation (see Table 1). Higher scores on each motivation sub-
scale indicate greater motivation. Eighteen items were kept
identical to the original version because the operant term
“game” was applicable to both gambling and gaming activi-
ties. However, because video game players play for points
and other in-game rewards instead of money, ten extrinsic
motivation items were modified. For example, the original
item “to make a lot of money” was changed to “to get a really
high score.”

RESULTS

GENDER DIFFERENCES IN VIDEO GAME PLAYING

Males and females differed with respect to how long they
played video games in a typical sitting. Male participants re-
ported playing for an average duration of 2.3 hours (SD = 1.4)
on a typical weekday session and 3.3 hours (SD = 2.3) on a
typical weekend session. By comparison, female participants
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reported playing for an average duration of 1.1 hours (SD =
1.1) on a typical weekday and 1.7 hours (SD = 1.6) on a week-
end session. Male participants also reported having played
video games for significantly longer in their lifetime than fe-
male participants (Males: M = 11.3 years, SD = 5.4, Females:
M = 7.9 years, SD = 6.1) and males reported playing signifi-
cantly more video game titles concurrently than females
(Males: M =4.2, SD = 3.5, Females: M =2.6, SD = 1.5). Male
participants tended to prefer first-person shooters, role-playing
games and real-time strategy games, whereas female partici-
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pants reported to prefer puzzle games, action-adventure and
simulation games.

GENDER AND MOTIVATION

Given these broad differences in terms of video game playing
patterns and video game preferences, it was reasoned that males
and females may also differ in terms of their motivations to play
video games and the extent to which they play problematically.
Table 2 presents the mean motivation subscale scores and overall
problem play (PVGT) score for male and female participants.

Gender differences in motivation factors and problem video game playing

Male (N = 328) Female (V="71) t-value Effect size
Variable M (SD) M (SD) (df=397) Cohen’s d
Intrensic motivation
(IM)
To know 17.4 (5.2) 15.3 (5.9) 3.0% .30
To accomplish 13.8 (4.9) 11.4 (4.9) 3.7% .36
Experience stimulation 19.4 (4.6) 16.6 (5.8) 4.8% 45
Extrensic motivation
(EM)
Identified 15.8 (5.0) 12.6 (5.8) 2.9% 45
Introjected 11.1(5.3) 9.1(5.2) 2.8% 28
External regulation 14.3 (5.9) 13.3 (6.3) 1.2 12
Amotivation 11.7 (5.9) 10.5 (6.2) 1.6 15
Problem score 47.1 (15.3) 38.4 (13.9) 4.4 .59

Note. * p <.01
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Table 3

Correlations between measures of video game playing, motivation and problematic video game play

Measure 1 2 3 4 5 6 7 8 9 10
1. IM - To know
2. IM - To accomplish .68
3. IM - Stimulation .62 .55
4. EM - Identified 52 .53 .58
5. EM - Introjected 45 .69 .37 44
6. EM - External regulation .53 .60 .37 .35 .65
7. Amotivation 38 49 24 23 48 .52
8. Weekday session duration .32 27 25 .38 .30 .19 17
9. Weekend session duration .30 .29 27 .37 .35 22 .16 74
10. Total weekly hours played 35 .35 28 41 .38 24 .16 .81 .80
11. PVGT score 33 45 28 .39 51 44 .39 .39 .36 43

Note. All variables significantly correlated at the .01 level (due, in part, to large N)
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A hierarchical multiple-regression analysis was then conducted to
identify the strongest motivational predictors of problematic video
game play. Because of their strong relationship with the PVGT
score, gender and total hours spent playing video games each week
were entered on the first step. The two other playing variables,

Table 4
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mean weekday and weekend session duration, were not selected
due to concerns regarding multi-collinearity due to the strong as-
sociation (r >.80) with total weekly hours played each week. On
the second step, all seven motivation variables were entered.
Table 4 presents the results of the regression analysis.

Summary of hierarchical regression analysis for variables predicting problematic video game play

Variable B SE B p t
Step 1
Gender 391 1.91 .10 2.04%*
Total hours played per week 467 .06 38 8.38%*
Step 2
IM - To know -.18 18 -.06 -1.00
IM - To accomplish .14 22 .05 <1
IM - To experience stimulation -.08 18 -.02 <1
EM - Introjected .36 .16 13 231%
EM - Identified .56 18 .19 3.06%*
EM - External regulation 35 15 14 2.34%
Amotivation 43 13 .16 3.34%%*

*p<.01,** p<.001
Note. R2= .19 for Step 1; AR2 = .18 for Step 2.
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Controlling for gender and total weekly hours spent playing
video games, the extrinsic motivation and amotivation factors
emerged as the strongest predictors of problematic video game
play, explaining as much unique variance in PVGT scores as
gender and time spent playing video games each week. The
strongest motivation factors were ‘EM — identified” and amoti-
vation. None of the intrinsic motivation variables emerged as
significant predictors of problematic video game play. The sec-
ond regression model explained an additional 17 percent of the
total variance in PVGT scores, an amount that was almost equiv-
alent to the gender and total weekly use variables. Therefore, the
second hypothesis was partially supported.

DiscusssION

The present study found that intrinsic motivation to experience
stimulation, extrinsic motivation for identified regulation and
amotivation were the strongest motivational predictors of prob-
lematic video game playing. Controlling for gender and total
hours spent video game playing each week, the regression analy-
sis revealed that these factors explained 17 percent of the unique
variance in problematic video game playing (PVGT) scores. This
finding was highly comparable with studies of problem gamblers
(Clarke, 2004; Clarke & Clarkson, 2007; Ladouceur et al., 1997).
While gambling research has consistently identified intrinsic mo-
tivation (IM) to experience stimulation as a significant predictor
of problem gambling (Clarke, 2004; Ladouceur et al., 1997),
none of the three IM factors were significant predictors of prob-
lem video game playing in this study.

Consistent with previous studies of the demographics of video
game playing populations (Griffiths et al., 2004a), the results
showed that males reported playing for longer periods on both
weekdays and weekends, predominantly playing shooting, role-
playing and strategy video games, having a longer life history
of playing video games, and having a higher degree of problem
video game playing in general. In addition, males reported
higher levels of intrinsic motivation for stimulation and accom-
plishment and external motivation for identified regulation.
Therefore, future studies of video game players’ motivations
should consider the effect of gender to avoid overstating any
observed relationship between motivation and video game

playing.

While the self-determination theory has been used to explain the
general appeal of video game playing (Ryan, Rigby & Przybyl-
ski, 2006), the present study also demonstrates the theory’s utility
in explaining problematic involvement in video games. Problem
video game playing and, by extension, video game addiction,
appear to be a maladaptive motivational consequence. Problem
players report being motivated by extrinsic motivation for intro-
jected regulation, such as playing video games for a release of
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tension or guilt, identified regulation, such as playing for internal
values like wanting to be dynamic and important in the eyes of
others, and external regulation, when playing is reinforced by
the intermittent reward systems within video games. Problem
players are also ‘amotivated,” which means that they play with a
sense of apathy and mental disengagement as the activity in-
creasingly lacks meaning (Chantal et al., 1994).

Shifting player motivation may underlie the development of
problematic video game playing. It is possible that problem play-
ers do not initially play video games in order to relieve tension
or for some other extrinsic purpose, but play video games be-
cause of their intrinsic appeal. Subsequently, as the player’s pat-
tern of use becomes increasingly excessive, the motivational
orientation shifts to more extrinsic and amotivation factors.
However, this model is purely speculative because this study of-
fers only a limited snapshot of the association between motiva-
tion and behavioral “addiction.” Future research should employ
longitudinal research methods in order to determine whether mo-
tivation causes or reflects problematic involvement in video
games, and assess to what extent other social and psychological
variables mediate this relationship.

This research has implications for helping individuals who play
video games excessively. Clarke (2004) suggested that motiva-
tional orientation may be “re-directed” in order to assist problem
gamblers. He claimed that problem gamblers could learn relax-
ation techniques which could help reduce tension and thus elim-
inate the need to gamble for this reason (introjected regulation).
Further, problem gamblers could seek out alternative sensation-
seeking activities, including team-based sports and recreation,
which can satisfy internal needs for excitement, accomplishment,
and knowledge about an activity, as well as provide opportunities
for social approval and other rewards. Similar recommendations
may be put forward to help problem video game players. In ad-
dition, this research suggests that, from a therapeutical view-
point, it may be useful for problem video game players to
consider what keeps them motivated to play video games. A bet-
ter awareness of those motivation factors which underpin exces-
sive playing may enable individuals to manage their video game
playing habits to ensure more self-determined and intrinsically
rewarding experiences.

The present study had a number of strengths, including psycho-
metric tools comparable with gambling research and a large sam-
ple drawn from video game outlets, but this study was not
without some limitations. First, this research was correlational
and therefore cannot make statements on the causal relationship
between video game playing motivation and future involvement
in problem video game playing. Second, as Charlton (2002) has
suggested, video game players sometimes tend to overestimate
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the amount of time that they spend playing. Third, players may
not always be consciously aware of the various motivations
which lead them to play and remain involved in a video game.
Similarly, some respondents may not be able and willing to pro-
vide an objective account of their problem video game playing
behaviors. Lastly, whilst respondents were surveyed at a range
of locations in different socio-economic areas, it is possible that
the sampled population may not represent some types of video
game players.

The present study applied the gambling model of motivation
to problem video game playing, and provided further support
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VIOLENT GAME ACCEPTANCE:
THE INFLUENCES OF AGGRESSION TENDENCY,
THRILL SEEKING, AND PERCEIVED RISK

Chih-Chien Wang' and Ming-Ju Yang'

video games more than females.

Keywords: Violent Video Games; Physical Aggression, Thrill Seeking, Perceived Risk, Behavioral Intention

This study examines the relationship between physical aggression, thrill seeking, perceived risk, and behavioral intentimﬁ
playing violent video games. This study collected data from 619 participants using an online survey, and analyzed the data
through structural equation modeling. The results of this study suggest that physical aggression, thrill seeking, and perceived
risk affect the behavioral intention of playing violent video games. Physical aggression and thrill seeking are positively related
with behavioral intention, while perceived risk is negatively related. Results show that males exhibit higher levels of physical
aggression and thrill seeking than females, and lower levels of perceived risk than females. Males also prefer to play violent

INTRODUCTION

Game consoles and computer games have become increasingly
popular in recent years. According to a U.S market survey, game
sales in 2007 surpassed 18 billion US dollars, representing an in-
crease of 43 percent from 2006 (NPD Group, 2008). Playing video
games is now one of the most popular entertainment activities
(Gentile & Anderson, 2003) and during times of leisure many peo-
ple spend a large amount of time playing video games. A study by
Gentile, Lynch, Linder and Walsh (2004), points out that children
spend about nine hours per week playing video games.

Studies on the psychological effects of playing computer games
provide inconsistent results. Some researchers suggest that play-
ing video games leads to positive results while others argue that
there are adverse effects. The findings of some studies suggest
that playing violent video games will cause players to adopt ag-
gressive behavior. According to Dill, Gentile, Richter and Dill
(2005), many video games containing violent material are ex-
tremely popular among adolescents. A previous study indicates
that more than 80 percent of video games on the market include
violent content (Dietz, 1998; Smith, Lachlan & Tamborini,
2003). According to these researchers, there is a high probability
of exposure to violence when playing video games.

Previous research indicates that people who spend a lot of time
playing violent video games adopt aggressive behavior. Accord-
ing to Bensley and van Eenwyk’s (2001) review, previous empir-
ical studies provide evidence that playing violent video games
leads to an increase in aggression and that aggression and violent
behavior are connected to people who are repeatedly exposed to
violent video games. Other researchers found long-term exposure
to violent games can lead to aggressive behavior (Anderson &

Corresponding Author:

Bushman, 2001; Anderson, 2004; Gentile et al., 2004; Wei, 2007).
In addition, Anderson and Dill (2000) revealed that college stu-
dents who play non-violent video games exhibit lower levels of
aggressive behavior than those who play violent video games.

Anderson and Bushman (2002) proposed the General Aggression
Model (GAM) to determine the relationship between violent
video games and aggression. The GAM is composed of the cog-
nitive neoassociation theory, social learning theory, script theory,
excitation transfer theory and social interaction theory. The
GAM integrates these theories to provide a clear framework for
researchers to examine the relationship between violent video
games and aggression.

The GAM uses two input variables — personality variables, like
aggression traits and acceptance levels of aggression, and situa-
tional variables, such as the effects of real-life violence or virtual
violence. When these two variables interact, they affect an indi-
vidual’s internal state and their external behaviors. According to
the GAM, not everyone who plays violent video games is af-
fected the same way due to different personality traits. After
playing violent video games, some players become very aggres-
sive while others experience decreased levels of aggression.

Recent studies discuss the relationship between violent video
games and aggression. Most of these studies focus on the impact
of violent video games on aggressive behavior rather than the
reasons why people choose to play violent video games. Sanger,
Willson, Davies and Whittaker (1997) pointed out that children
enjoy playing violent video games and that their personalities
are major factors in the desire to play violent video games. This
study shows that people who prefer violent video games may
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have a higher aggressive tendency than people who do not play
violent video games. In addition, this study shows that aggres-
sive behavior may be both the determining factor and outcome
of playing violent video games.

This study shows that player tendencies toward physical aggres-
sion, thrill seeking and perceived risk are relative to their behav-
ioral intentions. This study presents an empirical survey to show
the relationships between physical aggression, thrill seeking, per-
ceived risk and behavioral intention.

According to Lemmens, Bushman and Konijn (2006), boys who
enjoy playing violent video games exhibit higher aggressiveness
traits than those do not. Goldstein (1998) discussed why some peo-
ple would not rebuff violent material in video and found that violent
video games can, for some people, assuage their need for violence.
This shows that there may be diversity in violence preferences.
Kirsh (2003) followed Goldstein's concept and explained that ado-
lescents who play violent video games are influenced by psychoso-
cial and biological elements. These two elements can encourage
adolescents to play violent games, even though they do not show
aggressive behavior. Browne and Hamilton-Giachritsis (2005)
mentioned that adolescents with aggressive tendencies enjoy play-
ing violent video games. Anderson and Dill (2000) revealed that
college students who play violent games generally have aggressive
personalities. Furthermore, Carnagey, Anderson and Bushman
(2007) found that a positive correlation exists between a physically
aggressive personality and a preference for playing violent video
games.

Previous studies show correlations between aggressive person-
alities and violent games. Most of these studies, though, focus
on playing violent games as the cause of players’ aggressive ten-
dencies. However, the direction of this cause-and-effect relation-
ship can be studied conversely, where aggressive tendencies
might motivate playing violent video games. People with an ag-
gressive tendency may have a high intention to play violent
games. Therefore, this study hypothesizes that individuals with
a tendency toward physical aggression enjoy playing violent
video games.

Parrott (2008) suggested that to experience enjoyment and pleas-
ure, thrill seekers would partake in adventurous activities. Aluja-
Fabregat and Torrubia-Beltri (1998) indicated that watching
violent cartoons satisfy audiences’ need for thrill seeking.
Ravaja, Saari, Salminen, Laarni, Holopainen and Jarvinen (2004)
indicated that violent video games usually include attractive
multi-media entertaining materials so that players with a high
demand for thrill and excitement would tend to play these games.
Jansz and Tanis (2007) studied motivational factors in individu-
als playing shooting games and found that excitement was a

major factor. Furthermore, according to Kline (2000), violence
in entertainment provides a path for thrill seekers to satisfy their
need for excitement.

Video game violence is a common form of entertainment vio-
lence that thrill seekers use to satisfy their thrill needs. Thrill
seekers may experience excitement and playfulness through en-
tertainment violence. The above inference supports the second
hypothesis that individuals who favor thrill seeking enjoy play-
ing violent video games.

Playing violent video games might cause negative effects such
as an increase in player aggression (Bartholow & Anderson,
2002), a change in emotions (Olson, Kutner & Warner, 2008),
and poor school performance (Gentile & Stone, 2005). Accord-
ing to Featherman and Pavlou (2003), perceived risk refers to
engaging in an activity with uncertainty and a risk of potential
loss. Players may perceive risk due to the possible negative ef-
fects of playing violence games.

Playing violent games might increase a player’s aggressiveness,
anger and violent tendencies. School performance might also de-
crease due to extended hours of playing violent video games. Peo-
ple with a high level of perceived risk might worry about the
negative effects of playing violent video games. Therefore, this
study proposes the third hypothesis that individuals with low lev-
els of perceived risk enjoy playing violent video games.

Anderson and Dill (2000) revealed that males exhibit a strong
relationship between playing violent games and aggressive be-
havior. Also, males are more aggressive than females after play-
ing violent video games. In addition to these hypotheses, this
study examines gender differences as a factor that may influence
the relationship between aggressive tendencies and playing vio-
lent video games.

METHODOLOGY
PARTICIPANTS
This study recruited subjects from an online game community.
Messages were posted on four discussion groups for three weeks
to recruit volunteers. Subjects read and clicked the hyperlink
posted on the Web site to join the study. All participants in this
study were 17 years old and above.

MEASURE

This study utilized a five-part questionnaire. First, respondents’
demographic data was recorded. The second part used a nine-
item physical aggression scale developed by Buss and Perry
(1992). The third part used a six-item thrill-seeking scale origi-
nally developed by Zuckerman (1984) and adopted by Beadnell,
Wilsdon, Wells, Morrison, Gillmore and Hoppe (2007). The
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fourth part used three items to measure the perceived risk of
playing violent games. These three items of perceived risk were
revised from a scale created by Featherman and Pavlou (2003).
The last part of the questionnaire measured behavioral intention
using three items adapted from Hung, Cheng, and Chia (2003).
This study also used five-point Likert-type scales to measure
physical aggression, thrill seeking, perceived risk, and behavioral
intention.

This study used Cronbach’s alpha analysis to measure reliability.
When calculating the Cronbach's alpha, this study deleted one
item, the seventh item of the original scale, from the physical
aggression scale to attain a high reliability coefficient. All meas-
ured scales revealed acceptable reliability coefficients, ranging
from the lowest coefficient of .85 (Physical Aggression) to the
highest of .96 (perceived risk).

This study examined the convergent validity by calculating each
composite’s reliability values. Composite reliability values ex-
ceeded .70 and were well within the acceptable range (Fornell
& Larcker, 1981).

PROCEDURE

This study constructed a Web site and online questionnaire to
collect data. Participants were first asked to fill out the sections
related to their demographics and physical aggression. Then, par-
ticipants watched a demonstration video of a violent video game
called “Postal 2.” According to the Entertainment Software Rat-
ing Board (ESRB), the rating of “Postal 2 is M for mature and
is only suitable for people aged 17 and older. Titles in this cate-
gory contained intense violence, blood and gore, sexual content
and strong language. After watching the demonstration video,
participants completed the next three sections of the question-
naire related to thrill seeking, perceived risk, and behavioral in-
tention. Each subject’s aggressive tendency was measured before
they watched the violent video game to determine the relation-
ship between aggressive tendencies and intention to play violent
video games.

Before watching the demonstration video, participants were
told they could quit the study at any time. The responses were
recorded in a database. Ten convenience store gift coupons,

153

each worth about 10 US dollars, were provided in a lottery for
respondents who completed the questionnaires.

DATA ANALYSIS

This study collected surveys from 680 respondents, and 61 re-
sponses were deleted due to repetitious participation or missing
data. The remaining 619, or 91.03 percent, responses were in-
cluded in data analysis. Of the respondents, 296 (47.82 percent)
were males, and 323 (52.18 percent) were females, with an av-
erage age of 23.95 years old. The standard deviation was 4.69
years. Of all respondents, 596 (96.28 percent) had experience
playing video games, and 23 (3.72 percent), had no experience
playing video games. Experienced respondents averaged 6.52
years of playing video games. Of experienced respondents, fe-
males reported playing video games for an average of 3.13 hours
a day and 2.76 days a week. Males reported an average of play-
ing video games for an average of 3.32 hours a day and 3.5 days
a week.

This study adopts Structure Equations Modeling (SEM) to test
the relationships between physical aggression, thrill seeking,
perceived risk, and behavioral intention. Figure 1 shows the
SEM results. To evaluate the model fitness, this study uses the
goodness-of-fit index (GFI) and adjusted goodness-of-fit index
(AGFI). According to Gefen, Strub and Boundreau (2000) and
Jiang, Klein and Carr (2002), the proposed model is acceptable
when the goodness-of-fit index (GFI) value is greater than .90
and the adjusted goodness-of-fit index (AGFI) is greater than
.80. The GFI of this study is .91, which is above .90. The AGFI
is 0.88, which is above .80. These two values were both within
the acceptable range.

This study examines three factors affecting the behavioral in-
tention in playing violent video games — physical aggression,
thrill seeking, and perceived risk. All the relationship coeffi-
cients in Fig. 1 are significant.

There is a positive correlation (.24; p < .01) between physical
aggression and behavioral intention, and between thrill seeking
and behavioral intention (.14; p <.01). Perceived risk is nega-
tively related to the behavioral intention of playing violent
video games (-.22; p <.01). These results support the three pro-
posed hypotheses.
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Figure 1

Result of SEM analysis
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In addition to testing the hypotheses, this study measures gen-
der differences using the t-test. Table 1 illustrates the means
and standard deviations for the variables used in this study.
There are statistically significant gender differences in physi-
cal aggression, thrill seeking, perceived risk and behavioral
intention. The males in this study had a significantly higher
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tendency toward physical aggression than females (t = 5.99;
p <.01). Furthermore, males had a higher level of thrill seek-
ing than females (t =3.24; p <.01), females had a significantly
higher level of perceived risk than males (t = 2.95; p < .01),
and males showed a higher level of behavioral intention than
females (t=5.66; p =< .01).

Table 1
Group differences
All participants Female Male
(n=619) (n=323) (n=296)
Physical agression
M 2.38 2.20 2.59
s.d. 0.76 0.72 0.77
P t=-6.26%;P<.01
Thrill seeking
M 3.19 3.09 3.29
s.d. 0.76 0.75 0.75
P t=-3.24%P<.01
Perceived risk
M 3.24 3.36 3.11
s.d. 1.03 1.02 1.03
p t=2.95*%P<.01
Behavioral intentions
M 2.26 2.04 2.50
s.d. 1.03 0.96 1.07
y =-5.66%P<.01
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DiscussioN

This study illustrates why some individuals prefer to play violent
video games and shows that physical aggression, thrill seeking
and perceived risk affect an individual’s behavioral intention for
playing violent video games. The relationship of physical aggres-
sion, thrill seeking, perceived risk and behavioral intention reveal
the following results. First, a positive correlation exists between
physical aggression and behavioral intention. Therefore, some in-
dividuals that have higher physical aggression levels prefer to
play violent video games. Previous research shows that an ag-
gressive personality may result in a greater tendency toward phys-
ical aggression, which may lead to a tendency to play violent
video games (Carnagey et al., 2007; Peng, Liu & Mou, 2008).
This study measured subject’s tendency toward aggression before
they watched a violent video game. The results of this test reveal
that aggressive tendencies motivate a subject’s behavioral inten-
tion to play violent video games. A violent game player’s high
level of aggressive tendency may come from their own aggressive
personality, although this aggressive tendency may increase after
playing violent games.

This study found a positive correlation between thrill seeking and
behavioral intention. Thrill seekers gained excitement, delight
and satisfaction from playing violent video games. These results
support previous research (Ravaja et al., 2004). This study shows
that there is a negative correlation between perceived risk and be-
havioral intention, where individuals who have a higher perceived
risk might think that playing violent video games is a risky ac-
tivity because they may become more aggressive, angry and vi-
olent. Therefore, an individual’s level of perceived risk may
influence behavioral intention for playing violent video games.

This study also considers gender differences. A male’s
physical aggression is generally higher than a female’s, and
these results are consistent with previous research (Krahé

REFERENCES
Aluja-Fabregat, A., & Torrubia-Beltri, R. (1998). Viewing of
mass media violence, perception of violence, person-
ality and academic achievement. Personality & Indi-
vidual Differences, 25, 973-989.

Anderson, C. A. (2004). An update on the effects of playing vio-
lent video games. Journal of Adolescence, 27, 113-122.

Anderson, C. A., & Bushman, B. J. (2002). Human aggression.
Annual Review of Psychology, 53, 27-51.

Anderson, C. A., & Dill, K. E. (2000). Video games and aggres-
sive thoughts, feelings, and behavior in the laboratory

The Virtual Reality-Cognitive Rehabilitation (VR-CR) Approach for Children with Autism

& Moller, 2004). Males have a higher intention to play vi-
olent video games than females and their violent needs are
higher than female’s. A male’s thrill seeking tendencies are
also higher than a female’s. These results show that males
like to seek excitement more than females and conse-
quently, a male’s motivation to play violent games is
greater than a female’s. Lastly, females have a higher risk
perception than males which discourages them from play-
ing violent video games.

This study analyzes why individuals prefer to play violent
video games and concludes that both physical aggression and
thrill seeking are positively related, whereas perceived risk
is negatively related to the behavioral intention of playing
violent video games. Further research in this field should in-
clude indentifying other reasons why individuals prefer play-
ing violent video games.

There are some limitations in this study. First, this study
conducted an online survey with online community mem-
bers. The participants of the online community might similar
in age and might not fully represent the opinions of people
from other age categories. Further research could investigate
a broad range of ages to investigate variables related to age
differences in playing violent video games. Further research
may indicate that an individual’s physical aggression, thrill
seeking and perceived risk may change with age. Secondly,
further studies should focus on the differences between
playing violent video games and watching violent media
materials to determine the relationships between playing vi-
olent video games and watching violent media. Finally, fur-
ther research should examine the factors that cause
adolescents to play violent video games with the goal of
avoiding an increase in aggressive behavior in adolescents
after playing violent video games.

and in life. Journal of Personality and Social Psychol-
ogy, 78, 1772-790.

Anderson, C.A., & Bushman, B. J. (2001). Effects of violent
video games on aggressive behavior, aggressive
cognition, aggressive affect, physiological arousal,
and prosocial behavior: A meta-analytic review of
the scientific literature. Psychological Science, 12,
353-359.

Bartholow, B., & Anderson, C. (2002). Effects of violent video
games on aggressive behavior: Potential sex differ-
ences. Journal of Experimental Social Psychology, 38,
283-290.



Wang and Yang

Beadnell, B., Wilsdon, A., Wells, E. A., Morrison, D. M., Gill-
more, M. R., & Hoppe, M. J.. (2007). Intrapersonal
and interpersonal factors influencing adolescents' de-
cisions about having sex: A test of the sufficiency of
the theory of planned behavior. Journal of Applied So-
cial Psychology, 37, 2840-2876.

Bensley, L., & Van Eenwyk, J. (2001). Video games and real life
aggression: review of the literature. Journal of Ado-
lescent Health, 29, 44-257.

Browne, K.D., & Hamilton-Giachritsis, C. (2005). The influence
of violent media on children and adolescents: a pub-
lic-health approach. Lancet, 365, 702-710.

Buss, A. H., & Perry, M. (1992). The aggression questionnaire. Jour-
nal of Personality and Social Psychology, 63, 452-459.

Carnagey, N. L., Anderson, C.A., & Bushman, B. J. (2007). The
effect of video game violence on physiological desen-
sitization to real-life violence. Journal of Experimental
Social Psychology, 43, 489-496.

Dietz, T. L. (1998). An examination of violence and gender role por-
trayals in video games: Implications for gender social-
ization and aggressive behavior. Sex Roles, 38, 425-443.

Dill, K.E., Gentile, D.A., Richter, W.A., & Dill, J.C. (2005). Vi-
olence, sex, race and age in popular video games: A
content analysis. In E. Cole & J. Henderson Daniel
(Eds.), Featuring females: Feminist analyses of the
media. Washington, DC: American Psychological As-
sociation.

Featherman, M.S., & Pavlou, P.A. (2003). Predicting e-services
adoption: a perceived risk facets perspective. Inter-
national Journal of Human-Computer Studies, 59,
451-474.

Fornell, C. & Larcker, D. F. (1981). Evaluating Structural Equa-
tion Models with Unobservables and Measurement
Error. Journal of Marketing Research, 18, 39-50.

Gefen, D., Strub, D.W., & Boundreau, M.C. (2000). Structural
Equation Modeling and Regression: Guidelines for
Research Practice. Communication of AIS, 41-70.

Gentile, D. A. & Stone, W. (2005). Violent video game effects
on children and adolescents: A review of the literature.
Minerva Pediatrica, 57, 337-358.

157

Gentile, D. A., & Anderson, C. A. (2003). Violent video games:
The newest media violence hazard. In D. A.Gentile
(ed.), Media violence and children: A complete guide
for parents and professionals. Westport, CT: Praeger,
pp. 131-152.

Gentile, D. A., Lynch, P. J., Linder, J. R., & Walsh, D. A. (2004).
The effects of violent video game habits on adolescent
hostility, aggressive behaviors, and school perform-
ance. Journal of Adolescence, 27, 5-22.

Goldstein, J. H. (1998). Why we watch. In J. H. Goldstein (Ed.),
Why we watch: the attractions of violent entertain-
ment. New York: Oxford, pp. 212-226.

Hung, S.Y., Cheng, Y.K. & Chia, M.C. (2003). Critical factors of
WAP services adoption: An empirical study. Electronic
Commerce Research and Applications, 2, 42-60.

Jansz, J. & Tanis, M. (2007). Appeal of playing online first per-
son shooter games. CyberPsychology & Behavior, 10,
133-136.

Jiang, J.J., Klein, G., & Carr, C.L. (2002). Measuring In-
formation System Service Quality: SERVQUAL
from the Other Side. MIS Quarterly, 26, 145-166.

Kirsh, S. J. (2003). The effects of violent video games on ado-
lescents: The overlooked influence of development.
Aggression & Violent Behavior, 8, 377-389

Kline, S. (2000). “Killing Time? A Canadian Meditation on
Video Game Culture,” in Children and Media Violence
. UNESCO Clearinghouse Annual.

Krah¢, B., & Moller, I. (2004). Playing violent electronic games,
hostile attributional style, and aggression-related
norms in German adolescents. Journal of Adolescence,
27, 53-69.

Lemmens J.S., Bushman B.J., & Konijn E.A. (2006). The appeal
of violent video games to lower educated aggressive
adolescent boys from two countries. CyberPsychology
& Behavior, 9, 638-641.

NPD Group, (2008). U.S. Video Game And PC Game Sales Ex-
ceed $18.8 Billion Marking Third Consecutive Year Of
Record-Breaking Sales. Retrieved August 1, 2008, from
http://www.npd.com/press/releases/press_
08013 1b.html



158 Violent Game Acceptance: the Influences of Aggression Tendency, Thrill Seeking, and Perceived Risk

Olson, C. K., Kutner, L. A., & Warner, D. E. (2008). The role of vi-
olent video game content in adolescent development:

Boys’ perspectives. Journal of Adolescent Research, 23,
55-75.

Parrott, D. J. (2008). A theoretical framework for antigay aggres-
sion: Review of established and hypothesized effects
within the context of the general aggression model.
Clinical Psychology Review, 28, 933-951.

Peng, W., Liu, M., & Mou, Y. (2008). Do Aggressive People
Play Violent Computer Games in a More Aggressive
Way? Individual Difference and Idiosyncratic Game-
Playing Experience. CyberPsychology & Behavior,
11, 157-161.

Ravaja, N., Saari, T., Salminen, M., Laarni, J., Holopainen, J. &
Jarvinen, A. (2004). Emotional response patterns and
sense of presence during video games: potential crite-
rion variables for game design. Proceedings of the

third Nordic conference on Human-computer interac-
tion, 339-347. Tampere, Finland.

Sanger, J., Willson, J., Davies, B., & Whittaker, R. (1997). Young
children, videos and computer games. Issues for
teachers and parents. London: Falmer Press.

Smith, S. L., Lachlan, K., & Tamborini, R. (2003). Popular video
games: Quantifying the presentation of violence and
its context. Journal of Broadcasting & Electronic,
Electronic Media, 47, 58-76.

Wei, R. (2007). Effects of Playing Violent Videogames on Chi-
nese Adolescents’ Pro-Violence Attitudes, Attitudes
Toward Others, and Aggressive Behavior. CyberPsy-
chology & Behavior, 10, 371-380.

Zuckerman, M. (1984). Experience and desire: A new format for
sensation-seeking scales. Journal of Behavioral As-
sessment, 6, 101-114.



Journal of CyberTherapy & Rehabilitation
Summer 2009, Volume 2, Issue 2
© Virtual Reality Medical Institute

COMFORTING COMMUNICATION
IN AN ONLINE EPILEPSY FORUM

Chris Fullwood' and Nicola Wootton!

There is a tendency to think that face-to-face communication, particularly with respect to emotionally-sensitive iss@
is a superior means of offering support compared to computer-mediated communication (CMC). However, there may be
situations in which the reduced intimacy of CMC is beneficial to providing support. The current study investigated whether
conditions necessary for effective supportive communication as outlined by Burleson and Goldsmith (1998), including
anonymity, self-disclosure, discussion of thoughts and feelings and suggestion of change, were present in an online
support forum produced by The National Society of Epilepsy. A content analysis was completed on 120 posts and results
suggest that all conditions necessary for effective supportive communication were met within the forum. Furthermore,
anonymity seems to be a key factor in allowing posters to discuss their thoughts and feelings. It may be the case that the
stigma often associated with Epilepsy has a smaller impact with CMC.
Keywords: Online Behavior, Comforting Communication, Forum, Cybertherapy, Epilepsy
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INTRODUCTION

Computer-mediated communication (CMC) may seem to be a
useful and efficient medium but there are a number of potential
drawbacks that need to be addressed. For example, the removal
of nonverbal cues and a lack of direct physical contact may im-
pinge upon our ability to communicate successfully with others,
particularly with regards to the communication of emotional and
relational information. Furthermore, online groups are often fleet-
ing or irregular, meaning that when contact is desired it may not
always be possible (Caplan & Turner, 2007). This study therefore
examines the value of CMC in an online Epilepsy forum.

Although CMC is often associated with a number of shortcom-
ings,for example interactions are more likely to be anonymous,
many of these factors may actually provide a more comfortable
environment for emotional communication to take place (White
& Dorman, 2001), and this would be particularly pertinent when
considering online social support groups, such as forums. White
and Dorman (2001) offered a number of suggestions for the
manner in which forums could facilitate social support, for ex-
ample by enhancing quality of life, increasing survival time for
chronic disease and improving decision-making. They further
postulated additional benefits pertaining to online support in-
cluding continuous accessibility, meaning that support could be
enabled at an individual’s convenience. A lack of synchronicity
should allow one to post more considered and developed re-
sponses over time and at one's own speed as immediate re-
sponses are not necessarily required in an online forum context.
Online support also appears instrumental in allowing sufferers
of stigmatized conditions a more welcoming venue to discuss
sensitive issues, therefore encouraging self-disclosure (White
& Dorman, 2001).
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Supportive communication, which appears to be a predominant re-
quirement and outcome of engaging with online medical support
groups (Zrebiec & Jacobson 2001), is suggested by Burleson and
Goldsmith (1998) to be a sub-category of comforting communication,
which helps to alleviate emotional distress. Drawing from Lazarus’
cognitive appraisal theory (1991), Burleson and Goldsmith (1998)
proposed effective comforting communication enables cognitive reap-
praisal of an upsetting experience, which may in turn reduce emo-
tional distress. Burleson and Goldsmith (1998) put forward three
conditions required for effective comforting — self-disclosure, discus-
sion concerning thoughts and feelings and discussion considering
reappraisals. Furthermore, participants are more likely to engage in
adaptive reappraisal if they feel secure and safe in the environment in
which they are communicating. Caplan and Turner (2007) argue that
each of these conditions is adequately represented by CMC.

Many of the unique properties of online communication are actu-
ally said to promote effective comforting. For example, anonymous
interactions may help participants to overcome the self-presenta-
tional dilemma often associated with talking about sensitive issues
face-to-face. In Zrebiec and Jacobson’s (2001) evaluation of edu-
cational and emotional support for sufferers of diabetes and their
supporters, they found that 79 percent of respondents rated online
participation positively in terms of aiding them to cope more ef-
fectively with the symptoms of diabetes. The researchers also ar-
gued that patients and their supporters were able to deal more
effectively with their problems by building self-management skills
and obtaining readily available support, a direct consequence of
engaging with the Internet discussion groups.

The results from the diabetes online support is encouraging and
suggests that similar positive results may be found for other

Chris Fullwood,University of Wolverhampton, School of Applied Sciences, Psychology Subject Group, Wolverhampton, West Midlands, WV1 1LY, UK. c.full-

wood@wlv.ac.uk

"University of Wolverhampton, School of Applied Sciences, Psychology Subject Group, Wolverhampton, West Midlands, WV1 1LY, UK.
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chronic illness support sites. The current study considers the online
application of conditions recommended for effective comforting
within a forum produced by the National Society of Epilepsy
(2001) Web site, providers of support and health information for
epilepsy sufferers and their supporters. This study differs from the
Zrebiec and Jacobson (2001) study in that it examines a group that
not only have a chronic illness but who are also stigmatized.
Stigma and epilepsy appear to be concurrent, impacting interper-
sonal relationships, general health and quality of life (Morrell,
2002). Caplan and Turner (2007) suggest CMC provides some
sheltering effects not offered by face-to-face communication. This
appears helpful in minimizing perceived risks associated with dis-
cussing personal conditions, for example, protection of anonymity.
In turn, this is suggested to encourage further self-disclosure, the
first condition necessary for supportive communication. Thus,
CMC may be particularly helpful for this group. Therefore, it was
expected that conditions for effective supportive communication
would be evident in the majority of posts. Furthermore, anonymity
would encourage users to speak more openly about their thoughts
and feelings.

METHOD

MATERIALS

In order to investigate supportive communication in an online con-
text the National Society of Epilepsy (2001) Web site forum was
chosen. The most recent sixty posts from two threads, discussions
“for young people” and “for parents,” were selected on the Feb-
ruary 16, 2008 resulting in one hundred and twenty units of data.
A codebook was created incorporating conditions required for
effective comforting as suggested by Burleson and Goldsmith
(1998), which included anonymity, self-disclosure, thoughts and
feelings and suggestion of change. Agreement between two ex-
perienced coders was measured using a random selection of 30
posts. Using Cohen’s Kappa, significant degrees of consistency
were found for all variables — anonymity (k = .659, p = .000),
self-disclosure (k = .412, p = .005), thoughts and feelings (k =
.841, p=.000) and suggestion of change (k =.773, p =.000).

PROCEDURE

Each post was checked for anonymity and either assigned to
the “anonymous” category, which included pseudo-names or
nick-names, the “named” category if real names were used,
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or were designated as “unable to determine” if authenticity
of the name appeared uncertain, for example, when a name
was used that was contrary to the perceived sex of the indi-
vidual. Self-disclosure included any information relating to
personal behaviors, personal needs, family details, personal
illness or personal medication. The posts were split between
either including self-disclosure or not including personal de-
tail. Suggestion of change was coded as “positive change,”
“negative change,” “no change” or “both positive and nega-
tive aspects of change.” Change was defined behaviorally —
for example, physically, like taking medication, emotionally,
such as feeling happier, or cognitively, such as thinking more
positively. A further variable concerned the inclusion of
thoughts and feelings. Each post was examined considering
the inclusion or omission of thoughts and feelings. Examples
of thoughts and feelings included talking about one’s emo-
tional state, or one’s opinions relating to sensitive topics.

RESULTS
One-way chi-square tests were used to examine if each of the
conditions necessary for effective comforting were more likely
to be present than not be present in the posts on the National
Society of Epilepsy (2001) forum. All tests were one-tailed.

Regarding level of anonymity, there was a significant differ-
ence between the categories (¥* (df =2) = 99.65, p < 0.001),
suggesting that more posters remained anonymous (91) than
named themselves (21).

Regarding the suggestion of change variable, there was a sig-
nificant difference between the categories (y? (df = 3) =24.07,
p <0.001), suggesting that more posts contained reference to
positive change (51) than negative change (30), no change
(14) and both positive and negative change (25). Furthermore
(see figure 1 below), of the anonymous group, 41 percent (37)
suggested positive change, 27 percent (25) suggested negative
change, 9 percent (8) suggested no change and 23 percent
(21) suggested both positive and negative change. Whereas,
with the named group, 38 percent (8) suggested positive
change, 19 percent (4) suggested negative change, 23 percent
(5) suggested no change and 19 percent (4) suggested both
positive and negative change. This association was found to
be non-significant.
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Figure 1
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Discussion of thoughts and feelings as a function of the level of anonymity of posters on an Epilepsy forum
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Regarding discussion of thoughts and feelings, there was a
significant difference between the categories in (¥ (df =1) =
34.13, p < 0.001), suggesting that more posts contained ref-
erence to thoughts and feelings (92) than did not (28). Fur-
thermore (see figure 2 below), of the anonymous group, 81
percent (74) mentioned thoughts and feelings and 19 percent

(17) did not. Whereas, with the named group, 61 percent (13)
mentioned thoughts and feelings and 39 percent (8) did not.
This association was found to be significant (y? (df = 1) =
3.709, p < 0.05), meaning that anonymous individuals were
more likely to discuss their thoughts and feelings than named
individuals.
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Figure 2
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Suggestion of change as a function of the level of anonymity of posters on an Epilepsy forum

il

%

Fraguency

20

AT M immied

Thanghes mmd
Feelings Mentiomed

Ko Thoughts amd
Ferling= Menlioned

Llnakle 1o Determing

Level of anonymity

Regarding self-disclosure, there was a significant difference
between the categories (¥* (df =1) =70.53, p <0.001), sug-
gesting that more posters self-disclosed (106) than did not
self-disclose (14). Furthermore (see figure 3 below), of the

anonymous group, 90 percent (82) self-disclosed and 10 per-
cent (9) did not self-disclose whereas, with the named group,
80 percent (17) self-disclosed and 20 percent (4) did not self-
disclose. This association was found to be non-significant.



Fullwood and Wootton

Figure 3

163

Self disclosure as a function of the level of anonymity of posters on an Epilepsy forum
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Overall, the results suggest that each of the conditions pos-
tulated by Burleson and Goldsmith (1998) necessary for
comforting communication appear in the majority of posts.
In other words, more posters were anonymous than named,
more posts contained reference to thoughts and feelings than
did not, a higher number of posts indicated positive change
than negative change and more posters self-disclosed than
did not. Therefore, this supports Caplan and Turner’s (2007)
suggestion that these conditions are adequately represented
within CMC.

The majority of posters preferred to remain anonymous, which
may be one reason for the increasing popularity of online sup-
port. Indeed, although no difference was found between the
anonymous and named groups with regards to suggestion for
change and self-disclosure, a significantly larger proportion

ings comparatively to the named individuals. This is consistent
with the notion that remaining anonymous allows individuals
to overcome the self-presentational dilemma. In other words,
remaining anonymous, along with the removal of non-verbal
cues, helps to reduce social anxiety, making it easier to discuss
one’s feelings and thoughts about sensitive issues. The fact
that both groups self-disclosed personal information about
their conditions equally, however, seems to suggest that the
online forum was perceived as a safe environment to discuss
personal issues generally. Perhaps the monitored nature of the
forum, along with the fact that contributions require users to
be registered, meant that contributors felt protected from
judgement by others. Given the specialized nature of the
forum, it is also highly unlikely that someone would acciden-
tally happen upon private information concerning someone
known to them oftline.
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Although the findings are clearly interesting, this needs to be ex-
plored further. Further studies may contrast online support re-
quirements or provision between sufferers and their caregivers.
Additionally, the naturalistic nature of the investigation can be
considered a strength, particularly as it is unlikely that partici-
pants would be as open about their experiences in a more exper-
imental set-up and this should facilitate further investigation
where face-to-face research might encounter resistance. As the
Internet expands there appears to be little question regarding the
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CYBERFOCUS

New technologies are developing at a rapid pace. To help you stay abreast of the latest trends in advanced technologies and
healthcare, this feature showcases upcoming, 2009- 2010 events, which will provide you with the opportunity to connect with
leading experts worldwide and remain on the cutting edge of the most recent developments.

The CyberFocus column welcomes your contributions. To supply relevant information for this feature, please send an e-mail to:
office@vrphobia.cu.

CyberTherapy & CyberPsychology 15
June 13—June 15, 2010

Seoul, Korea
www.interactivemediainstitute.com

The Journal of CyberTherapy & Rehabilitation is the official journal of the CyberTherapy Conference. The 15th Annual Interna-
tional CyberTherapy Conference (CT15) brings together researchers, clinicians, policy makers and funding agencies to share and
discuss advancements in the growing discipline of CyberTherapy & Rehabilitation, which includes training, education, preven-
tion, rehabilitation, and therapy. The Conference acknowledges the transformative effect that technology has had and will have on
the healthcare field. Technologies featured at the conference include VR simulations, video games, telehealth, the Internet, robot-
ics, brain-computer interfaces, and non-invasive physiological monitoring devices. Conference attendees have the opportunity to
play a role in designing the future of mental healthcare. CT15 features interactive exhibits at the Cyberarium allowing partici-
pants to experience the technologies firsthand as well as the opportunity to display their exhibits in a forum-type setting.

2009 Conferences

39th EABCT Annual Congress
September 16 - 19

Dubrovnik, Croatia
http://eabct2009.o0rg/

The Third Croatian Neuroscience Meeting
September 24 - 26

Zadar, Croatia
http://cms.mef.hr/druga.php?grupa=050901000000

ACM Symposium on User Interface Software and Technology
October 4 - 7

Vancouver, BC, Canada

WWwWw.uist.org
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eChallenges e-2009

October 21 - 23

Istanbul, Turkey
http://www.echallenges.org/e2009/

Society for Psychophysiological Research: 49th Annual Meeting
October 21 - 24

Berlin, Germany

http://www.sprweb.org/

PRESENCE 2009: The 12th Annual International Workshop on Presence
November 11 - 13

Los Angeles, California, USA

http://www.temple.edu/ispr/conference/

ABCT 2009

November 19 - 22

New York City, New York, USA
http://www.abct.org/conv2009/

2010 Conferences

SPIE Photonics West

January 23 - 28

San Francisco, California, USA
http://spie.org/x1375.xml

DigitalWorld 2010

February 10 - 15

St. Maarten, Netherlands Antilles
www.iaria.org/conferences2010/Digital World10.html

6th Annual Update Symposium Series on Clinical Neurology and Neurophysiology

February 15 - 16
Tel Aviv, Israel
http://isas.co.il/
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IASTED International Conference on Artificial Intelligence and Applications

February 15 - 17
Innsbruck, Austria
http://www.iasted.org/conferences/

IEEE VR 2010

March 20 - 24

Waltham, Massachusetts, USA
http://conferences.computer.org/vr/2010/

Applied Psychophysiology & Biofeedback 2010
March 24 - 27

San Diego, California, USA
http://www.aapb.org/

SPIE Defense, Security, and Sensing
April 5-9

Orlando, Florida, USA
http://spie.org/x1375.xml

Society of Behavioral Medicine: 2010
April 7-10

Seattle, WA
http://www.sbm.org/meetings/

Laval Virtual 2010: 12th Virtual Reality International Conference

April 7-11
Laval, France
http://www.laval-virtual.org/

The 7th Annual World Health Care Congress
April 12 - 14

Washington D.C., USA
http://www.worldcongress.com/events/
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19th International World Wide Web Conference: WWW2010
April 26 - 30

Raleigh, North Carolina, USA

http://www2010.org/www/

Sth International Conference on Interactive Mobile and Computer Aided Learning
Date - TBA

Amman, Jordan

http://www.imcl-conference.org/

American Telemedicine Association 2010: 15th Annual International Meeting and Exposition
May 16 - 18

San Antonio, Texas, USA

http://www.americantelemed.org/i4a/pages/index.cfm?pagelD=3629

18th Industrial Virtual Reality Expo
June 23 - 25

Tokyo, Japan
http://www.ivr.jp/english/

40th European Association for Behavioural and Cognitive Therapies Annual Conference
October 7 - 10

Milan, Italy

http://www.eabct2010-milan.it/

8th ICDVRAT

September 8 - 10

Valparaiso, Chile
http://www.icdvrat.reading.ac.uk/
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