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Preface 

Human-computer interaction is no longer centered around 2D computer screens and 

traditional input/output devices. In the second decade of the 21st century, we find 

ourselves increasingly communicating and interacting with each other in virtual 

settings—manipulating virtual objects and even relating to colleagues in the guise of 

avatars. As reported recently in the documentary Digital Nation (2010), directed by 

Rachel Dretzin, many of IBM's offices have closed only to reopen in such virtual 

worlds as Second Life. 

As virtual reality (VR) quietly transforms the way we work together and conduct 

our personal lives, it is also transforming how we are being treated when unwell. VR 

is impacting medical practice in at least three ways. First, it is revolutionising how 

data is being visualized. Information about physical systems and organs are now 

being modelled for medical training purposes, for developing surgical strategies, and 

for performing a variety of virtual procedures. VR models of various disease 

trajectories are also being used to assess treatment potentials and likely outcomes. 

Second, VR is merging people and facilities located across the globe into seamlessly 

interconnected virtual centers, bringing the best medical care to patients located in 

remote regions and facilitating collaborations between teams of world class experts. 

Third—and this is the focus of this book—VR is being used in mental and physical 

therapy as a means of helping patients either to learn new behaviors or to relearn 

skills after suffering, for example, from stroke or severe trauma, be it physical or 

emotional.  

This volume hopes to introduce VR, as it is being applied in psychotherapy, 

rehabilitation, and the analysis of behavior for neurological assessment, to a broad 

audience of researchers and partitioners in related areas. This volume contains the 

latest reviews of the literature and descriptions of some of the most cutting edge VR 

systems, including detailed account of how they were designed, implemented, and 

evaluated. This book will be of value to anyone already in the field and to those who 

are interested in the development of VR systems for therapeutic purposes.  

We wish to express our gratitude to the authors for their excellent contributions in 

this volume and to the reviewers. It is our privilege to introduce this exciting field to a 

broader audience. 

 

 

Sheryl Brahnam 

USA 

 

Lakhmi C. Jain 

Australia 
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Abstract. This chapter presents a brief overview of advances in the application 

of virtual reality and related technologies in psychotherapy and healthcare. A 

summary of the chapters on virtual reality and psychotherapy, virtual reality 

and rehabilitation, and virtual reality in neurological assessment is presented.  

1   Introduction  

In the last two decades, not only have technological advancements radically changed 

the way people communicate and do business but new technologies have also trans-

formed medical practice, bringing yesteryear’s science fiction vision of medicine 

closer to today’s standard practice. One such futuristic technology, virtual reality 

(VR), is now making substantial inroads into medicine, especially in the areas of 

physical and mental rehabilitation and psychotherapy.  

The term virtual reality was coined in 1986 by Jaron Lamier to describe a collec-

tion of technologies that simulate a computer-generated 3D virtual environment (VE) 

that users feel they can actually inhabit rather than simply view on a 2D display. Vir-

tual environments immerse users by providing visual, auditory, tactile, and even ol-

factory sensory stimulation using such devices as head mounted displays and instru-

mented clothing. As users move and manipulate virtual objects, the VE changes to 

reflect expected alterations in the environment. Thus, users experience virtual worlds 

similarly to the way they experience the real world.  

McCloy and Stone [1] define VR as any “collection of technologies that allow 

people to interact efficiently with 3D computerised databases in real time using their 

natural senses and skills” p. 912. The focus in this definition is on data visualization. 

Their avoidance in mentioning any specific technologies opens the definition to re-

lated areas of human-computer interaction (HCI), such as augmented reality (AR) and 

mixed reality environments. AR combines the real and virtual in a variety of ways, 
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oftentimes with the virtual superimposed on the real, as when football broadcasts 

draw a yellow first-down line across the playing field. Mixed reality refers to any 

mixture of the virtual with the real. One way to conceptualize the diverse possibilities 

offered by mixed reality systems is to utilize Milgram’s Reality-Virtuality Continuum 

[2], which spans possible combinations of the real and virtual along the two extremes 

of the purely real and the purely virtual (VE). 

There are many areas in medicine where VR and mixed reality technologies have 

made a substantial impact. In surgery, for instance, many VR applications have been 

developed for surgical training, operative planning and strategy, and telesurgery [1, 3-

6], for some recent example applications see [7-10]. In diagnostics, current applica-

tions include virtual colonoscopy [11] and virtual bronchoscopy [12], and VR has 

proven particularly beneficial and popular in medical training [13-18].  

An opportunity offered by VR is the possibility of finely controlling user interac-

tions and carefully applying therapeutic stimuli. Controlled virtual environments [19] 

are particularly useful in rehabilitation, psychotherapy and neurological assessment 

[19-21]. Riva [21] explicitly contrasts McCloy's and Stone's definition of VR above to 

one offered by Schultheis and Rizzo [22]: VR is an "advanced form of human-

computer interface that allows the user to interact with and become immersed in a 

computer-generated environment in a naturalistic fashion." This definition better suits 

the behavioral sciences as it is focused on the environment and how incremental 

changes in the environment can result in changes in behavior. Much evidence, as 

reported in the chapters of this book, supports the conclusion that what is learned by 

patients in their controlled interactions in VEs generalizes well when applied in the 

real world [23]. 

The chapters presented in this volume serve as an excellent introduction to the 

state-of-the-art in VR as it is currently being applied in rehabilitation, psychotherapy 

and assessment. Many of the chapters offer comprehensive reviews of the literature; 

others provide excellent examples and detailed accounts describing the design and 

evaluation process of VR in cutting edge therapeutic systems. The chapters also dis-

cuss limitations, problems, and ethical concerns using VR in mental and physical 

therapy. 

2   Synopsis of the Chapters in This Book 

The chapters in this book are divided into the following three parts: 
 

Part 1: Virtual Reality and Psychotherapy 

Part 2: Virtual Reality and Rehabilitation 

Part 3: Virtual Reality and Assessment 
 

The first five chapters in Part 1 provide comprehensive literature reviews of the very 

latest work in VR and psychotherapy. Each chapter covers slightly different aspects of 

this growing field, and several chapters include discussions of the technologies being 

employed. This section ends with a paper reviewing the literature on presence that is 

centered on concerns specific to psychotherapy and a look at using virtual worlds, 

such as Second Life, to change opinions about psychotherapy and to offer educational 

resources and some psychological support to veterans. 
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In Part 2, we focus on new developments in VR and rehabilitation. The chapters in 

this section cover the benefits of VR in combination with video games, in stroke ther-

apy, in amblyopia (lazy eye) therapy, and in play therapy for children with cerebral 

palsy. The latest technologies, frameworks, and other notes on implementing VR 

systems in rehabilitation therapy are also provided in these papers.  

In Part 3, we look at VR as a means of assessing diseases that impact behavior by 

examining in detail the benefits of using VR in neurological assessment.  

Below we provide a synopsis of each of the remaining twelve chapters in this 

book. 

Part 1: Virtual Reality and Psychotherapy 

In chapter 2, Virtual Reality Supporting Psychological Health, Maj. Melba C. Stetz, 

Richard I. Reis, and Raymond A. Folen provide a good introduction to VR as a method 

for increasing the psychological health of people in general.  The focus of the chapter 

is on stress and anxiety, a problem that has a major impact on the wellbeing of people 

in modern society. This chapter begins by exploring stress and anxiety and their rela-

tionship to other medical and psychological disorders. The chapter then explores the 

use of VR in treating a host of anxiety disorders that range in severity from ordinary 

stress to Post Traumatic Stress Disorder (PTSD). These conditions are examined 

within both civilian and military contexts.  Following the general introduction to stress 

is a brief review of traditional methods for managing stress. These include self-

management techniques, such as deep diaphragmatic breathing, and the more intensive 

methods offered by psychopharmacology and psychotherapy, especially Cognitive 

Processing Therapy (CPT), Eye Movement Desensitization and Reprocessing 

(EMDR), Prolonged Exposure Therapy (PE), and Emotion-Focused Therapy (EFT). 

The authors then introduce VR technology as a viable alternative or complement to 

these therapies, providing a brief history of VR, especially as it is used in the military 

in managing stress and treating anxiety disorders. The authors note the many benefits 

VR offers over traditional therapies. 

In chapter 3, Current Trends and Future Directions for Virtual Reality Enhanced 

Psychotherapy, Marilyn P. Safir and Helene S. Wallach provide a review of the vari-

ous psychological disorders that have incorporated VR in their treatment. The authors 

begin the chapter by summarizing the best treatment regimens for a wide range of 

psychological disorders based on Cognitive Behavior Therapy (CBT). They discuss 

current difficulties that arise with various components of CBT as it is practiced today, 

for example, lack of therapist control and loss of confidentiality in the exposure com-

ponent. The authors then focus attention on Virtual Reality CBT (VRCBT), a new and 

effective technology which overcomes difficulties that are typical of both in vivo and 

in vitro exposure. VRCBT has been used in therapy for various psychological disor-

ders (phobia-specific, as well as social phobias, PTSD, eating disorders, pain man-

agement, sexual dysfunction, and others). This review includes cutting edge work in 

PTSD. This up-to-date review of VRCBT also reports studies exploring new develop-

ing techniques, including a look at training therapists in virtual worlds using virtual 

agents and avatars. Results are very promising. Where possible, the authors suggest 

modifications in treatment regimes augmented with VR, which they believe will  

improve treatment results. 
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In chapter 4, Virtual Reality Exposure Therapy for Anxiety Disorders: The State of 

the Art, Katharina Meyerbröker and Paul M. G. Emmelkamp discuss the treatment of 

anxiety disorders using virtual reality exposure therapy (VRET). VRET is a natural 

extension of exposure-based therapies, which are carried out either in the imagination 

or in vivo. In exposure therapy, anxiety is thought to subside through a process of 

habituation, and considerable evidence exists that supports the notion that anxiety 

decreases when a person manages to stay within anxiety provoking environments and 

situations. Currently, exposure therapy is the gold standard in anxiety therapy, but 

within the last decade VRET therapy has become a viable alternative. This chapter 

presents an excellent review of research into the outcome of VRET for various anxi-

ety disorders: phobias, panic attacks, and PTSD. Within the literature review section, 

the authors discuss a number of factors, for example, presence, that play an important 

role in the effectiveness of VRET. Also included in this chapter is an examination of 

the process used by VRET, i.e., the underlying psychophysiological and cognitive 

mechanisms of change in VRET. Throughout the discussion the authors note some of 

the advantages and drawbacks using VRET and suggest areas in VRET that are in 

need of further investigation. 

In chapter 5, Virtual Reality as a Tool for Cognitive Behavioral Therapy: A Review, 

Simona Scozzari and Luciano Gamberini provide a comprehensive review of over 140 

articles on VR as it is used in CBT. This detailed review goes beyond reporting studies 

using VR in Exposure Therapy (VRET) to include a look at how VR is being employed 

to help patients suffering from other psychological disorders, such as substance abuse 

and eating disorders. Also included in this chapter is a detailed look at VR in CBT ap-

proaches to pain management. The chapter concludes with a description of some of the 

VR equipment being adopted in this domain and with a few remarks on the ethical im-

plications of using VR in the psychological treatment of patients. 

In chapter 6, Virtual Reality and the Training of Military Personnel to Cope with 

Acute Stressors, Stéphane Bouchard, Tanya Guitard,  François Bernier and Geneviève 

Robillard provide an overview of studies that focus on the use of VR in training mili-

tary personnel to handle stressful situations, a subject known as Stress Inoculation 

Therapy (SIT), in order to increase operational effectiveness and reduce the likelihood 

of developing PTSD, the only mental disorder that is significantly associated with 

exposure to combat. Soldiers in operational situations are confronted by a number of 

stressors, including the stress of being a target, killing enemy combatants, living con-

tinuously in unpredictable and threatening environments, and witnessing the horrify-

ing sights of battle. The authors describe and discuss the effectiveness of a number of 

structured programs currently available that intend to teach soldiers how to manage 

stress and prevent psychological injury. A major shortcoming of current programs is 

that they fail to provide opportunities for practicing what is taught about stress reduc-

tion. There is also reluctance in military personnel for implementing these practices as 

the need for stress management is oftentimes seen as a sign of weakness. Since VR 

has a proven track record of eliciting fear reactions in people when exposed to stress-

ful virtual stimuli, VR is providing the military with a socially acceptable method of 

practicing stress management. This chapter provides a brief but critical review of the 

literature on people’s reactions to virtual stressors and the use of VR in the treatment 

of PTSD before focusing on the use of VR in stress management training. Included in 

this section is work using VR to train pre-school children and children suffering from 
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Down syndrome to evacuate classrooms in the advent of an earthquake. This chapter 

also discusses the notion of presence, its relationship to the feeling of anxiety, and 

methods for augmenting anxiety in VR stress training. 

In chapter 7, How Can Presence in Psychotherapy Employing VR Be Increased?, 

Helene S. Wallach, Marilyn P. Safir, Roy Samana, Idan Almog, and Reut Horef dis-

cuss the importance of presence in exposure therapy. After all, for exposure to be 

effective, a virtual reality fear stimulus must succeed in eliciting an anxiety reaction. 

The chapter begins by discussing the notion of presence in detail. Roughly speaking, 

presence is the experience of actually being “in” the situation or environment being 

simulated by VR. The specific goal of this chapter is to provide a detailed review of 

the many variables that influence the spatial dimension (as opposed to the social di-

mension) of presence in VR applications in psychotherapy. 

In chapter 8, The Healing Potential of Online Virtual Worlds, Jacquelyn Ford 

Morie looks at the potential offered by social networks such as Second Life (SL)  

to provide veterans with a socially acceptable and enjoyable means of continuing to 

work on stress management and other psychological problems that have arisen due to 

military service. The authors discuss the many benefits offered by virtual veteran 

healing centers; for instance, virtual healing centers could do much to reduce the 

stigma and cultural barriers associated with mental health disorders and therapy, as 

well as provide additional motivation for completing programs. Virtual worlds, such 

as SL, are also easily accessible from remote regions. Included in this chapter is a 

detailed description of various environments in a virtual healing center, colloquially 

known as Coming Home, for veterans that is being funded by the US Army's Research 

Office. These environments include a labyrinth with a storied activity called "The 

Warriors Journey," a central "Great Hall" resembling a real-world lodge, and a num-

ber of wings for playing a large variety of games and listening to music. The SL heal-

ing center's primary purpose is to provide information about stress disorders and their 

associated symptoms and to encourage veterans to participate in various therapies, 

specifically Complementary and Alternative Medicine (CAM) therapies, which can 

be implemented in SL. This chapter ends with a description of supporting research for 

virtual world effectiveness and the use of a variety of intelligent agents. A brief his-

tory of social networking, SL, and other related SL healing facilities, and a discussion 

of important issues and concerns are also addressed in this chapter. 

Part 2: Virtual Reality and Rehabilitation 

In chapter 9, Virtual Reality and Serious Games in Healthcare, Minhua Ma and Huiru 

Zheng discuss rehabilitation applications that merge VR with video game technolo-

gies. The advantage of adding video games in VR rehabilitation is that they increase the 

patient's willingness to continue therapy and to concentration on the task at hand.  We 

begin part 2 with this chapter because it includes a good overview of VR devices that 

are currently being employed in healthcare rehabilitation applications: haptic force 

feedback devices, tracing devices, initial sensors, and motion tracking sensors. The 

discussion of VR games for healthcare also includes relevant background material on 

dynamic simulation, which can be controlled in rehabilitation VR so that patients can 

be exposed gradually to tasks that require skills approaching real-world complexity. 

The chapter discusses research showing that playing games is effective in improving 
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neuromotor coordination while simultaneously engaging patients, rendering what 

would otherwise be an arduous process of rehabilitation more enjoyable. To explain 

engagement, the authors use Csikszentmihalyi’s concept of flow and report on re-

search in game design that could be applied to VR that attempts to enhance the ex-

perience of flow. Ma and Zheng also report their work on modeling patients. The 

chapter ends with a description of experiments and results in using VR (plus video 

games) intended for stroke rehabilitation. 

In chapter 10, Development and Evaluation of a Mixed Reality System for Stroke 

Rehabilitation, Dave Hilton, Sue Cobb, Tony Pridmore, John Gladman and Judi Ed-

mans describe the user-centered design of a Tactile User Interface (TUI) combined 

with a Virtual Reality Environment (VE), collectively known as a Mixed Reality 

(MR) environment, intended for stroke rehabilitation. Sequential tasks, such as pre-

paring a hot cup of coffee, can become very difficult and dangerous to perform for 

people who have suffered from stroke. A number of computer supportive systems 

have been developed that offer the potential of monitoring task performance and of 

providing feedback in a safe virtual environment, but these systems discourage natu-

ralistic movement of the body and fail to provide patients with realistic force feed-

back. To overcome these problems, Hilton, et al., have designed a MR system for 

assisting stoke victims in relearning to prepare hot drinks. Included in this chapter are 

sections describing stroke and stroke rehabilitation, home-based rehabilitation sys-

tems, and User Center Design (USD), or product development, that considers the 

specific needs of the intended users. The chapter outlines in considerable detail the 

steps that were taken by the researchers to develop their system and includes a num-

ber of feasibility and evaluation case studies as well as a number of recommendations 

for developers of MR systems that are for stroke rehabilitation. 

In chapter 11, Design and Development of a Virtual-Reality Based System for Im-

proving Vision in Children with Amblyopia, Paula Waddingham, Richard Eastgate, 

and Sue Cobb discuss their work using adapted VR in the treatment of children suf-

fering from amblyopia, or ‘lazy eye.’ Current therapies center on forcing the patient to 

use the amblyopic eye by either wearing an eye patch for prolonged periods of time, a 

treatment that is resisted by most children, or by repeated application of eye drops to 

blur the vision in the good eye. The authors developed a VR system, called the Inter-

active Binocular Treatment (I-Bit) system, that allowed patients to use both eyes in a 

therapeutic setting that is entertaining.  I-Bit provides preferential stimulation to the 

amblyopic eye. This system is a novel therapeutic solution for amblyopia. Included in 

this chapter is ample background material on amblyopia and its treatment, a descrip-

tion of relevant VR display technologies, and a detailed discussion of the develop-

ment of I-Bit prototypes, usability studies, benefits and problems encountered in the 

design process. The chapter also presents the results of clinical evaluation trials that 

took place in two separate research centers. 

In chapter 12, Doing Play in a Virtual Environment, Denise Reid provides a theo-

retical perspective on how VR influences the person-environment process with chil-

dren with disabilities.  The person-environment process is a theoretical construct in 

occupational literature that describes the fit between people with disabilities, their 

occupational activities, and their environment. Reid extends this construct in examin-

ing the main occupation of children—play. She examines environmental centraliza-

tion (the manipulation of the environment to accommodate increasing limitations of 
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the body), entexturement (the intensification of body awareness through an experi-

ence of textures and the regulation of activity through aural and visual stimuli to pro-

duce a satisfying experience) and personalization (environment possession) as a 

framework for explaining positive person-environment interaction in VR systems, 

specifically for children with cerebral palsy (CP) doing play. Case studies that reflect 

on environmental centralization, entexturement, and personalization are provided and 

discussed. This is followed by a detailed discussion of virtual play’s impact on the 

playfulness, motivation, and self-perceptions of children with CP. Also included in 

this chapter is background material on play theory, its benefits and purpose. 

Part 3: Virtual Reality and Assessment 

In chapter 13, Neuropsychological Assessment using Virtual Environments: Enhanced 

Assessment Technology for Improved Ecological Validity, Thomas D. Parsons dis-

cusses the reasons for and the resulting limitations behind the slow acceptance of 

technological advancements in neuropsychological assessment. This is followed by a 

detailed discussion of how VR environments (VEs) can provide methods for creating 

ecologically oriented neuropsychological assessments. Included in this chapter is 

detailed background material on current neuropsychological assessment instruments, 

especially computer-based instruments. Parsons defines and critiques notions of valid-

ity and then presents a case for using VEs to create ecologically valid instruments. He 

then provides a framework for developing VEs that satisfy the demands of internal, 

external, and ecological validity.   

3   Conclusion 

This book is a continuation of the previous five volumes in our series on Advanced 

Computational Intelligence Paradigms in Healthcare. The recent advances in virtual 

reality have highlighted the importance of this technology in healthcare. The primary 

aim of this series is to report the emerging paradigms of computational intelligence 

and applications in healthcare. 
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Abstract. For a country to continue its’ viable existence, it must be healthy. 

That is, it must not only maintain physical health but also psychological health. 

In fact, psychological health has a direct impact on the physiological health of 

people. The open literature suggests evidence-based strategies for helping indi-

viduals that suffer from psychological distress. Since technology is increasingly 

taking over the way humans relate with the world, virtual reality (VR) might be 

a great addition to psychotherapy sessions. In this chapter, the authors specifi-

cally discuss the effects of stress on one’s health and provide a short back-

ground of VR contributions to human health. 

1   Health Care in the USA 

In the year 2000, the United States of America (USA) spent more on health care than 

any other country in the world. Seven years later, the USA spent over 2 trillion dollars 

on health care, tripling its 1990 reported figure.[1] However, as depicted on Figure 1, 

the perception by the USA population is one of enjoying “Very good” health in gen-

eral.[2] The purpose of this chapter is to remind readers of some psychological health 

care concerns, particularly stress, and to propose the use of Virtual Reality (VR) as a 

complementing approach for their aid via psychotherapy. 

                                                           
* The views expressed in this manuscript are those of the authors and do not reflect the  

official policy or position of the Department of the Army, Department of Defense, or the 

U.S. Government. 
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Fig. 1. General Health Nationwide (States, DC, and Territories) – 2008. 

2   Health and Stress 

Heart disease, cancer, and diabetes have been listed as the leading causes of death and 

disability in the USA.[3] In connection with this, psychological problems in health 

also take a toll on the USA community. Specifically, “stress” seems to be a central 

reported problem associated with poor health.  

In 2007, The American Psychological Association conducted a survey study on 

USA’s stress (n = 1,848).[4] Results suggest that one-third of surveyed individuals 

endure extreme stress. Many participants reported experiencing psychological symp-

toms related to stress, including irritability or anger (50 %); feeling nervous (45 %); 

having a lack of energy (45 %); and feeling ready to cry (35 %). Almost half of  

respondents (48 %) reported lying awake at night due to stress. In this study, partici-

pants’ main symptoms of physical stress were reported as: fatigue (51 %); headache 

(44 %); upset stomach (34 %); muscle tension (30 %); change in appetite (23 %), 

teeth grinding (17 %); change in sex drive (15 %); and feeling dizzy (13 %).  

This information begs the question; “what is “stress”?  The American Stress Insti-

tute notes that it is hard to operationally define the term since it is a subjective sensa-

tion associated with varied signs and symptoms that differ for each person.[5]
 
The 

word stress originates from the Latin word “stringi,” which means “to be drawn 

tight.”[6]
 
Stress is typically associated with negative and debilitating psychological 

and physiological tension.  

Stress-related symptoms may manifest variably in humans. It can influence mood, 

motivation-level, life outlook, and even physiological health. Chronic activation of 

stress response systems, such as the sympathetic adrenomedullary system, may also 

lead to physiological and psychological difficulties, including decreased vitality of the 

immune system.[7]  

Advances in neuroimaging, oculometrics and electroencephalographic measures 

have identified changes in attention and alertness under sleep deprivation associated 
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with stress.[8,9] For instance, severe sleep deprivation impairs cognitive performance 

and results in profound metabolic deficits in brain areas associated with perception 

and attention.[10, 11] 

Stress can also be associated with positive reactions and can have different roles as 

either an independent variable (“stressor”) or a dependent variable (“strain”).[12] Dr 

Hans Selye, known as the “Father of Stress,” argues that stress is necessary in life and 

does not always involve negative consequences.[13] He defines “eustress” (e.g. moti-

vation to go jogging) as a positive type of stress and “distress” as a negative aspect of 

stress.  Similarly, Yerkes and Dodson offered the inverted-U theory, which proposes 

that moderate stress can improve performance while too much stress decreases per-

formance.[14]
  
One might think how butterflies in the stomach can improve a theatri-

cal performance by ushering up greater artistic passion as an example. 

Moving forward in this chapter, the authors will treat the term stress as “A physi-

cal, chemical, and [or] emotional factor that causes measurable bodily or mental 

tension and which may be a factor in disease causation”.[15]
 
 

3   Stress and Mental Health 

3.1   Stress and Anxiety Mental Health Disorders 

The field of psychology is especially interested in stress disorders rooted in conscious 

experience. In the psychology nomenclature, a powerful response to a traumatic stres-

sor may develop into a psychological disorder called “Acute Stress Disorder (ASD).” 

As implied by the name, the response is acute, or temporary, and related to stress. 

Specifically, ASD is an Anxiety Disorder that may develop in individuals who have 

been exposed to a traumatic event in which there was the threat of death or severe 

injury to the individual and/or others. The person’s emotional response to this danger 

typically involves intense fear, vulnerability, and/ or terror to a degree considered 

outside the realm of normal experience. Trauma survivors who develop ASD experi-

ence at least three dissociative symptoms, such as a reduced awareness of their sur-

roundings, numbed emotions, a sense of unreality or derealization, depersonalization 

(or deep isolation even amongst caring others), or dissociative amnesia (the inability 

to recall important aspects of a trauma). The survivor also relives the trauma through 

such experiences as dreams, persistent and recurrent thoughts and images, and flash-

backs. There is a sense that one cannot control the content or vividness of such 

thoughts. ASD sufferers may also experience distress when confronted with stimuli 

that trigger memories of their traumatic experience. Some consider ASD a “normal” 

response to an abnormal experience (or set of abnormal experiences).  

When ASD symptoms last longer than four weeks it is time to consider “Post-

Traumatic Stress Disorder” (PTSD) as a diagnosis. PTSD was codified as a mental 

disorder in 1980 and resembles ASD in its characteristic features (hyperactivity, 

avoidance, and re-experiencing).[16] It’s symptoms manifest within 6 months after 

exposure to a traumatic stressor and last at least three months, but is often of signifi-

cantly longer duration.[17] In fact, according to the DSM-IV-TR, approximately 80 

percent of individuals diagnosed with ASD after exposure to an automobile accident 

or violent crime will go on to meet criteria for a diagnosis of PTSD one month later.   
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Some individuals with PTSD may attempt to actively suppress thoughts and feel-

ings related to their trauma(s). That is, places, people, and activities that resemble the 

event in some manner may be repeatedly avoided. Drug and alcohol abuse are fre-

quently used as maladaptive coping attempts.[18] Individuals can also exhibit re-

sponses that are not on the surface of consciousness or that are not intentional. For 

example, many PTSD sufferers have difficulty remembering important details of a 

trauma; they experience amnesia related to the event. Avoidance of trauma-related 

stimuli is usually coupled with a generalized sense of numbing across many areas of 

potential responsiveness. Individuals may become starkly uninterested in activities 

that were previously important and enjoyable to them. They may feel deeply es-

tranged, or isolated from others to whom they had previously felt close.[19]   

In PTSD, a restricted range of affect or a sense of foreshortened future can also 

sometimes be identified. Increased arousal may be apparent in the traumatized indi-

viduals' inability to fall or stay asleep or to achieve a deeply relaxed state. Individuals 

with PTSD may be prone to angry outbursts or irritability, as is commonly depicted in 

the media. These individuals often find that they have difficulty concentrating. Since 

their sense of safety has been compromised, individuals with PTSD often demonstrate 

hypervigilance and an exaggerated startle response.[20] Other symptoms associated 

with PTSD include: feelings of deep-seated betrayal by a figure or figures of authority 

or power (i.e. the government, or  G-d), guilt about surviving a traumatic event when 

others have not; feelings of guilt about what one did, or did not do, in order to sur-

vive; social withdrawal; self-destructiveness, impulsive behavior; various somatic 

symptoms; impairments in dealing with interpersonal relationships; feelings of hope-

lessness and despair; feeling incapable or impotent; feelings of being damaged; per-

sistent distressing existential questions, thoughts of meaninglessness and marked 

changes in personality.[21]   

The severity of PTSD symptomology is influenced by the gravity or extent of the 

actual exposure to a stressful event.[22] For instance, the sudden unexpected death of  

a loved one carries a risk of 14.3% for triggering PTSD while combat, mass violence, 

and bombing can evoke incidences as high as 20-40%.   

Aside from the defining sequelae characteristic of PTSD, there is a high degree of 

comorbidity with related or overlapping disorders including depression [17] substance 

abuse (likely connected to broad avoidance symptoms) [18] and other anxiety disor-

ders. These other symptoms have been considered attributable to the general and 

specific forms of distress that PTSD brings forth into the awareness and internal ex-

perience of the sufferer. They result in ongoing psychic pain and may even lead to 

suicidality.[17] 

3.2   Combat Stress and Combat Stress Prevalence Rates 

The military has been at the forefront on research regarding stress and its subsequent 

psychological and physical effects.  Several studies indicate that battlefield stressors 

can impair performance functioning, including a soldier’s concentration, attention, 

vigilance, language memory, and recall.[24] Battlefield stressors can also impair other 

high order cognitive processes, such as judgment, planning, situational awareness, 

and sound decision making. Combat-related mental health problems range from  
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sub-clinical mental distress that can affect cognition to psychiatric illnesses (e.g. panic 

disorder, depression, obsessive-compulsive disorder, bipolar disorder, and schizo-

phrenia).  Furthermore, trauma victims may develop posttraumatic stress disorder 

several years after exposure.[25] Despite military mental health care’s efforts to 

screen for these conditions and avoid deploying soldiers with these disorders, many 

soldiers will acquire these conditions after a single deployment. 

According to the National Institute of Mental Health, PTSD affects an estimated 

5.2 million Americans per year. This impacts the quality of life, not just of those who 

fit the diagnosis, but also to others around them in the families, work places and com-

munities.[26] The military, as a social sub-culture, is often considered a stress-

inducing organization. It should not be surprising that many warfighters (i.e. Soldiers, 

Airmen, Sailors, Marines) return from fighting the current War on Terror with psy-

chological problems (e.g., PTSD) along with associated physiological symptoms (e.g., 

high blood pressure). Combined with Depression and Anxiety disorders in general, 

PTSD impacts 3% - 15% of marines and soldiers.[27] In fact, Hoge and his team have 

suggested that 1 out of 10 Operation Iraqi Freedom (OIF) veterans in the USA typi-

cally suffer from some type of stress disorder. Similarly, another study on veterans 

(e.g., OIF; n = 103,788) suggested that about 1/3 of those that received care from 

2001 to 2005 were either diagnosed with general mental health or psycho-social prob-

lems.[28] Undoubtedly, chronic psychological and physiological symptoms of dis-

tress can negatively impact warfighters’ operational performance and vulnerability in 

the warzone as well as her/his physicality.[29] 

Greatly associated to the stigma that warfighters have been shown to associate with 

seeking help, participants in a study by Stetz (author) reported preferring to chat with 

peers, chaplains, and military leaders in lieu of consulting a mental health profes-

sional.[45] Furthermore, in that same study (n = 283) deployed warfighters reported a 

preference for using their five senses (suggesting the preference with being immersed 

in activity) when managing their stress. Specifically, their main preferences were: 

listening to music (65%), watching movies (62%), and playing computer games 

(39%). Similarly, other researchers have reported that warfighters would rather utilize 

technologies for mental health care (e.g., video teleconferencing, internet-based 

treatments, and virtual reality) than talk to a counselor in person.[46] 

3.3   Stress and Neurophysiology   

The biological basis of PTSD remains under scientific investigation, but most con-

sider the expression of the syndrome to relate to overactivity of the noradrenergic 

nervous system. The common reports of hyperarousal and exaggerated startle would 

seem to corroborate this. Hippocampal involvement (volume reduction) has been 

further suggested, likely due to the frequency of reported memory deficits in patients 

with PTSD. In a manner comparably suggested with respect to depression, PTSD-

related hippocampal damage (also volume loss) has been attributed to abnormal stress 

levels over time.[18] In addition to replicating the finding of reduced hippocampal 

volumes in individuals with PTSD, research has consistently found increased cerebro-

spinal fluid intracranial volume ratios as well as decreased white matter intracranial 

volume ratios, indicative of white matter atrophy.[30] Changes (in this case, shrink-

age) in hippocampal or anterior cingulated areas  (i.e., structures involved in memory, 
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emotional processing, and attention) may account for PTSD emotional impacts and 

cognitive effects.[31,32,33]
 

In PTSD, the recollection of traumatic events has been associated with increased 

brain activity in the amygdala, anterior temporopolar cortex, insular cortex, and orbi-

tofrontal cortex, and relatively decreased brain activity in the subcallosal gyrus, anterior 

cingulated gyrus, and medial frontal gyrus.  Functional magnetic imaging research using 

cognitive activation paradigms have further demonstrated the significance of the medi-

cal prefrontal regions and amygdala in PTSD brain processes.[24]
 

4   Psychotherapy for Stress Problems  

A typical magazine rack will offer several approaches to self-management of stress. 

Deep diaphragmatic breathing, taking a walk, or talking with a supportive friend 

might be suggested for immediate stress management. Longer term stress reduction 

techniques might include diet and exercise changes or better adherence to a sound 

sleep schedule. While these management techniques are quite effective for everyday 

stressors, they would not be considered sufficient for dealing with the aftermath of a 

severe trauma. 

4.1   Chemical Approaches 

While psychotherapy is generally the treatment of choice for PTSD, some situations 

may call for the use of psychopharmacology. For example, when flashbacks, derealiza-

tion, transient psychoses, or avoidance and numbing become too intense or overwhelm-

ing, short-term psychotropic medication may be applied in treatment. Longer-term 

medications may be warranted if major depression, panic attacks, or persistent psychotic 

symptoms are present and interfere with daily functioning or are too intense and over-

whelming. Indeed, the original psychopharmacological approach to PTSD treatment 

seemed to target the comorbid symptoms of the disorder (i.e. depression).[37]
 

At present, medications are often prescribed in conjunction with Cognitive Behav-

ioral Therapy (CBT), as the combined effects of these two treatment approaches appear 

to address anxiety symptoms effectively. Since PTSD is so often found to involve  

self-medication efforts with addictive substances, benzodiazepine usage is generally 

discouraged.[18] Anxiety disorders in general (including ASD and PTSD) may be asso-

ciated with a decreased number of benzodiazepine receptors in the brain located on 

GABA (A) receptors.[18] Another hypothesis posits the presence of a neuromodulator 

that blocks these benzodiazepine receptor sites from doing what they normally do. One 

can see the increased risk of addiction if such viewpoints are accurate. 

Several studies suggest that serotonin may play a role in anxiety disorders, by way 

of specific, or selective, serotonin reuptake inhibitors (SSRIs). SSRI’s have shown 

promise in PTSD treatment as well as the newer antidepressants (i.e. nefazodone). 

Fluvoxamine, a serotonin agonist, has been shown to be helpful in treating anxiety 

disorders and has become a first line choice for psychopharmacological treatment. 

Effexor (venlafaxine), which is a serotonin and norepinephrine reuptake inhibitor 

(SNRI) has shown notable efficacy for treating anxiety and may replace SSRIs as the 

most popular treatment choice for this family of disorders. The effectiveness of 

GABAergic, noradrenergic, and serotonergic drugs in treating anxiety suggests the 



 Virtual Reality Supporting Psychological Health 19 

role of respective neurotransmitters in the biological bases of anxiety experiences. 

People with anxiety show chronically elevated levels of the stress hormone, cortisol, 

and a corresponding desensitization of cortisol receptors in the brain. This system is 

modulated by the hypothalamus through the anterior pituitary gland.[7,37] 

Beta-adrenergic blocking drugs such as propranolol may be used in treating acute 

anxiety associated with specific stressful events (e.g., public speaking, stage fright). 

Beta-adrenergic blocking drugs affect peripheral manifestations of anxiety, including 

palpitations, tachycardia, tremors, and sweating. Propranolol may produce side effects 

such as bradycardia, fatigue, malaise, and decreased sex drive. General medical con-

ditions need to be ruled out before making a formal psychiatric diagnosis. A common 

physiological problem that may masquerade as an anxiety disorder is hyperthyroid-

ism, which produces symptoms that can appear similar to anxiety. While Monoamine 

oxidase inhibitors (MAOIs) and tricyclic antidepressants have demonstrated efficacy 

for PTSD treatment comparable to other medicines, they are no longer considered 

first or even second line treatments.[18]  

4.2   Behavioral Approaches 

“Psychological Debriefing” is a common treatment for trauma survivors. During Psy-

chological Debriefing, individuals exposed to traumatic events are brought together to 

receive psychoeducation about possible responses to the trauma and to share their 

experiences of the trauma (e.g., being in a hostage situation, or dealing with a natural 

disaster). The debriefing takes place within two to three days of the traumatic event. It 

involves attempts to normalize how people typically respond to trauma and encour-

ages individuals to express feelings. Attention is given to teaching trauma survivors 

coping skills and ultimately to providing them with referrals to other professional 

counselors should continued attention seem necessary. Research seems to indicate 

that psychological debriefing is not effective in preventing the development of 

PTSD.[38]
 
 In fact, it has been suggested that single-session psychological debriefings 

may even aggravate onset of PTSD symptoms. That is, as debriefing approaches are 

updated and brought to better levels of sophistication in the future, they may be 

shown to mature into more effective preventive measures. At present, however, it has 

not been scientifically demonstrated to be broadly effective as a trauma intervention. 

As mentioned earlier, Cognitive-Behavioral Therapy (CBT) seems to be the trend, 

or treatment of choice for both ASD and PTSD in psychological arenas. CBT is a 

psychotherapeutic approach characterized by application of thought-based and action-

based approaches to improve well-being. It emphasizes the interactive relationships 

between thoughts, feelings and behaviors in shaping the human experience. Lately, 

the current top evidenced-based cognitive-behavioral treatments for PTSD seem to be 

Cognitive Processing Therapy (CPT), Eye Movement Desensitization and Reprocess-

ing (EMDR) Therapy and Prolonged Exposure Therapy (PE).[40]  

CPT is a commonly offered treatment for patients with PTSD, particularly in the 

military. The central idea of this form of psychotherapy is that beliefs and conceptions 

of the world have been altered as a result of a trauma, leading to a generalized loss of 

the sense of safety that likely characterized the patient’s worldview prior to the trauma. 

Such generalized and negative beliefs are referred to as “stuck-points” and are reevalu-

ated in a psychotherapy and homework context against more realistic expectations.    
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In EMDR, an individual’s mind is flooded with memories of their trauma while 

they are instructed to move their eyes or head in a specific, side-to-side, manner fol-

lowing their therapist’s prompts.[43] Alternatively tones or taps might be used as the 

trauma information is processed. Patients appear to become desensitized to the more 

emotionally distressing aspects of their trauma during EMDR treatment, and some 

theorists have postulated that there may be a psychoneurological factor related to the 

eye movement itself that assists with psychological healing. Although proponents of 

EMDR believe that this method helps the client to reprocess traumatic events more 

rapidly, some research indicates that it is no more effective than other forms of CBT. 

That is, the added element of eye movement does not seem to effectively influence 

the treatment's efficacy. In fact, many researchers have concluded that EMDR is sim-

ply a dressed-up form of exposure therapy. Such assertions should be taken with a 

grain of salt, as polity interferes with even the best efforts toward identifying and 

conveying what works in treatment. 

Finally, PE involves engaging a patient in exercises of “in vivo” and “imaginal” 

exposure while also teaching deep relaxation and self-monitoring skills. Specifically, 

in vivo exposure asks the patient to face situations that they would customarily avoid. 

Psychotherapists assist patients in designing a list that is comprised of a series of 

avoided situations to be later confronted. The patient then goes in to a distress induc-

ing circumstance with the plan to endure until anxiousness abates. Unfortunately, in 

vivo experiments always bear risks of uncontrollable eventualities that may set back 

patient progress. Self monitoring using Subjective Units of Distress (SUDS) and deep 

breathing relaxation techniques are greatly used in PE to balance against potentially 

deleterious levels of angst. In imaginal exposure, the patient is asked to bring her or 

his thoughts to memories of a trauma in as experience-near a manner as possible. 

Often language is encouraged to be in the present tense, and from a first person van-

tage point, so as to facilitate the immersion and immediacy of the experience. Eventu-

ally the goal of imaginal exposure is habituation, or getting used to, the memory con-

tent. Imaginal exposure seems, in research studies, to be more effective than relaxa-

tion training alone or eye-movement desensitization and reprocessing techniques used 

to reduce avoidance behavior, reduce the re-experiencing of the trauma, and maintain 

symptom remission after treatment has ended.   

Now, while both imaginal and in vivo exposure treatments are effective, both also 

have potential shortcomings.[44] For example, imaginal exposure can be limited by 

the individual’s ability to create and manipulate mental images. Providers are only 

able to connect to what the patient is experiencing by way of what patients tell them. 

It is conceivable that a particular patient might have a vivid imaginal experience, but 

be unable to adequately communicate the depth and charge of this experience due to 

vocabulary limitations, conceptualization limitations or even low motivation. On the 

other hand, while in vivo exposure does not rely on imagination or verbal fluency, it 

involves risks that cannot be controlled by a provider and which may introduce harm-

ful elements that could derail or impede psychotherapeutic gains (i.e. a fight breaking 

out in a crowded mall while a patient is hoping to overcome fears in such a context).  

Emotion-focused therapy (EFT) is also showing notable promise.[39]
  

EFT mixes 

methods of the Gestalt and Person-centered approaches to psychotherapy while incorpo-

rating some cognitive therapy elements. It essentially involves using specific experiential 

psychotherapeutic techniques to help patients identify and resolve internal conflicts.[41] 
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The approach aims to facilitate accurate emotional expression, to clarify the truest roots 

of feelings and, eventually, to allow a natural transformation of emotion toward healthy 

and more liberated ways of relating to the world.[42] Both cognitive processing and 

emotional processing are involved in emotion coaching in the aftermath of a trauma. A 

traditional CBT interpretation of EFT approaches might suggest that the success of the 

treatment relates to exposure, through psychotherapeutic exploration, to trauma memory 

content. CBT treatments for trauma, on the other hand, might be interpreted by EFT 

psychotherapists as venues for emotional processing that usher forth healing opportuni-

ties while exposure is applied. Primary mechanisms of change, aside, in general terms, it 

seems that the key components of successful psychotherapy for traumatic stress involve 

exposure, habituation, changing of faulty beliefs, and emotional transformation. 

4.3   Biofeedback  

Generally speaking, all stressors elicit a similar physiological response or “strain” with-

in the body.[13] These include increased blood pressure, mydriasis (dilated pupils), 

tachycardia (elevated heart rate), and increased sweat production. In addition, because 

psycho-physiological disorders often afflict organs innervated by the autonomic nerv-

ous system, researchers and clinicians have been intrigued by biofeedback aimed at 

giving people control over autonomic functions.[18]
 
 Harvard studies have demonstrated 

that human volunteers can use biofeedback to achieve significant short-term changes in 

blood pressure and heart rate. Some people can even be trained to increase their heart 

rate while decreasing their blood pressure. Current research using biofeedback to treat 

hypertension has proved somewhat encouraging, but results have not been certain 

enough to establish biofeedback as a standard treatment for the disease. 

The body's own natural biofeedback is comprised of the impulses received by the 

brain from our muscle tissue and visceral organs. These impulses allow the human 

nervous system to process what our bodies are doing and the state it is in. The central 

nervous system uses this information to regulate the body’s internal systems and  

ultimately, to maintain physiologically desirable levels. These same signals can be 

registered by external measuring devices and used in therapy to teach people how to 

control and maintain target levels of autonomic nervous system activity, resulting in 

health benefits and in some cases, reduced stress impact. This type of treatment has 

been used to successfully treat and control hypertension, migraine headaches, and 

anxiety attacks.  

“Biofeedback” as a treatment is often used in conjunction with autogenic training, 

whereby individuals are directed to use their thoughts and concentration to alter their 

body state (i.e. imagining a cooling sensation to soothe acid reflux symptoms). Stud-

ies, however, done on hypertension are still inconclusive as to whether combining 

autogenic training and biofeedback is more effective than either treatment on its own. 

Biofeedback can also be useful in managing somatoform disorders, if stress is a key 

factor for the client when feeling pain. Biofeedback is a noteworthy therapeutic  

technique because it allows people to acquire control over their behaviors that are 

commonly regarded as not being under voluntary control (for example, brain waves, 

heart rate, skin temperature, blood pressure, and other bodily functions).[35] Biofeed-

back interacts with the parasympathetic nervous system, which is responsible for rest, 

relaxation, recuperation and sexual arousal.  
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This type of feedback entails operant conditioning of the normally involuntary 

functions of the autonomic nervous system.   The patient is taught to regulate certain 

physiological functions, and is given visual and/or auditory feedback about the status 

of these functions, with the goal of affecting physical symptoms. One important as-

pect of biofeedback is that the person is able to know immediately, through auditory 

or visual signals, if the somatic activity of interest is increasing or decreasing certain 

biometric markers that relate to levels of relaxation. The biometric data trumps  

psychological denial mechanisms, or can attune someone directly to what the body is 

telling one about it’s state. Biofeedback is still controversial in some ways, as is vir-

tual reality, since some believe that using it for stress and anxiety is an expensive 

treatment for difficulties that could be addressed with relaxation training, meditation, 

or self-hypnosis alone. In fact, several investigators believe that relaxation training 

actually does more than biofeedback to reduce blood pressure.  

The most common methods of recording biofeedback impulses use galvanic skin 

response (GSR), peripheral skin temperature (PST), electromyography (EMG), elec-

trocardiography (EKG), and electroencephalography (EEG).[36]  

Neurofeedback is another way of capturing biometric markers. Brainwave activity 

via electrodes placed on the scalp is measured by sensors and indicates information 

about consciousness level. The goal with this approach is to record and provide feed-

back to individuals regarding what it feels like to attune one’s Central Nervous Sys-

tem functioning toward certain desirable consciousness-states, and to maintain them 

for health benefits. 

4.4   Virtual Reality in Psychotherapy  

Many youngsters (e.g., “Generation Internet”), including those in the military, seem to 

gravitate towards varied types of technology as a form of leisure and lifestyle.[47] In 

fact, the US Army recently released the new Field Manual 7.0 “Training for Full Spec-

trum Operations” [48] which corroborates technology and gaming as a needed military 

tool. Therefore, warfighters may be more inclined to engage in a psychotherapeutic 

dynamic if it involves technology or video games. Virtual Reality (VR), as its name 

implies, is a reproduced or simulated actuality. It can be defined as a set of computer 

technologies that, when combined, provide an interface to a computer-generated world. 

The benefit of this type of reproduced reality is that it can be experienced, simultane-

ously, by both the therapist and the client. There is no need to imagine or directly ex-

pose the patient again to his or her traumatic stressor. Furthermore, stressors can be 

presented in a progressive and measured manner.  

Virtual reality technology has arrived, taking birthright from combined investments 

from the military, NASA and the entertainment industry.[49] Scholars have traced its 

history as far back as the early 1800’s when simulated environments were used to create 

a sense of savage environs and motion, through the use of moveable circular partitions. 

One hundred years later simulator rides hit the public scene, incorporating lighting 

changes, sound effects, and even artificially produced scents to invigorate the senses and 

scaffold the sense of realness of the experiences. In 1975 NASA contracted out con-

struction of a system much like the Head Mounted Displays used in modern times, 

featuring stereoscopic and wide angled views, presumably for purposes of generating  
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experience-near and immersive perceptions. In the eighties, many advances were made in 

technology but the devices remained relatively obscure from the general public. Still, it’s 

being featured in the media (television, movies) seemed to spark a public interest. In the 

Mid-nineties Virtual environments became increasingly available, interactive and realis-

tic, with liquid crystal displays, three-dimensional audio and even gloves that could be 

used for “navigation”. A public market did not seem on the horizon, however, so the 

technology increasingly became directed toward government use.  Fast forwarding to the 

present day, computer technology has clearly maintained a central role in virtual reality 

and application has become a boon to mental health and behavioral science.[49]
 

Gladly, shortcomings from the above-mentioned psychotherapeutic approaches 

(e.g., the risks of distressing patients with in vivo and imaginal approaches) may be 

addressed by placing individuals in virtual reality (VR) worlds that merge elements 

from both of these approaches. VR, as simply as its’ name implies, is a reproduced or 

fake “reality.” That is, this experience feels real, yet it is not, and “events” are control-

lable –– minimizing risk. Also, part of the beauty of this approach is that it can be 

experienced, in unison, by both the therapist and the client. The typical technology 

used in VR therapies and research involve having an individual play a computer video 

game while wearing a head mounted display (see Figure X) while a therapist observes 

or prompts him/her to practice positive coping strategies (e.g., controlled breathing). 

There is no need to request a person to imagine their trigger, or risk further traumati-

zation by setting them out into uncontrolled environments, rather habituation can be 

gently presented with a safe, virtual, experience. Also, since this modality makes use 

of modern technology, stressors can be presented gradually and consistently. Virtual 

zones can be so convincing that many research participants come to experience the 

suspended belief that that they are (phenomenologically) “actually present in a three-

dimensional world”.[49] 

Psychology literature frequently references the stress response as being divisible by 

three reactions; fight, flight or freeze. In a VR session, the typical way to capture 

information about which of the “flight, fight, or freeze” stress-response options be-

comes activated in response to a stressor, is via the use of a battery of tests consisting 

of surveys and physiological apparatuses (AKA: biofeedback equipment). For exam-

ple, pulse is an indirect means to assess heart rate. A decrease in pulse, and therefore 

heart rate, is indicative of reduction of sympathetic arousal. Sympathetic arousal can 

be measured by taking the peripheral skin temperature too. Similarly, since perspira-

tion contains salt, sweat production can be measured via the ease with which an elec-

tric current runs across electrodes placed at two points on the body. A change in stress 

is often paired with a decrease in muscular tension, which can be measured by elec-

tromyography (EMG) technology. The muscles on the forehead, or frontalis, are the 

most typically used for measurement. Resting respiratory rate may be captured with 

elastic bands placed around the chest or abdomen.  

Wiederhold, Bullinger and Wiederhold have reported success when using VR to 

mitigate the negative impact of combat stress.[50] Similarly, Stetz, Long, Wiederhold, 

and Turner examined the usefulness of VR technology with a deployed sample of 

combat medics (n = 60).[51] Most of them (n = 48, 80%) reported having previous 

experience with video gaming systems (e.g., computerized games). This study exam-

ined the emotional levels of participants who were in one of three groups: saving a  
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virtual patient (“VR” group); practicing relaxation techniques only (“Coping” or 

“CT” group); or participating in a group that practiced relaxation techniques while 

attempting to save the patient (“CT + VR” group). The VR-only group showed higher 

levels of hostility than the other groups, suggesting effective immersion, hence inocu-

lation potential, in the VR world (see Figure 3). Stetz, Bouchard, Wiederhold, and 

Folen reported that many individuals who practiced relaxation via VR scenarios  

(n = 29 out of 30) would continue practicing after the conclusion of the study.[52]
 

The Department of Psychology at the Tripler Army Medical Center in Hawaii con-

tinues helping distressed warfighters and their families while also testing the efficacy 

of VR clinical research protocols. Preliminary data in one of these studies[53] sug-

gests that participants wearing HMDs to watch videos of angry bosses yelling at 

them, showed higher levels of presence/ immersion and emotional reactivity to anger 

than those watching the videos just on a flat screen (n = 30). Anecdotal data from 

another of these clinical research protocols suggests pain distraction by urology pa-

tients playing videogames during cystoscopy procedures [23]. Finally, relaxation 

exercises paired with VR or other technology-based interventions, when compared 

with standard therapist interventions, are showing superior usefulness for reducing the 

intensity of chronic pain endorsed by patients [24]. 
 

 

Fig. 2. Data collection in a temporary laboratory setting. 
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Fig. 3. Virtual Reality Relaxation Training 
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Fig. 4. PCL-M results during a screening session. 

 

 
 

Fig. 5. Inferential Analysis of Respiratory Rate. 
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5   Discussion 

Across the past 10 years virtual reality (VR) has begun to make meaningful inroads 

into the behavioral health field. Its flexibility offers a variety of uses, one of which 

has been for the treatment and training of individuals who have been exposed to trau-

ma.[23] While effective treatments have been supported by a research base, anyone 

moderately sophisticated in understanding empirical findings understands that what 

works for the average may not work for the outlier in a clinical setting. Patients that 

did not appear to be benefitting from imaginal exposure treatment were found to make 

significant gains when imaginal exposure was replaced with VR exposure.[23] VR 

has been featured broadly in studies on PTSD treatment and seems to range from a 

success rate between 66% and 90%. Specifically, VR was found to be notably effec-

tive in the treatment of collision-related PTSD[16].  

Aside from treating PTSD, VR has also been explored as a potential catalyst for 

Stress Inoculation Training, or to prepare individuals for facing stressful situations 

with less damage to their psyche. It may be seen as a form of desensitization that is 

effective shortly after sessions as well as a potential salve against future long-term 

stress reactions. While research in this area is cutting-edge, experts are claiming that it 

has shown quite promising outcomes to date.[23]
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Chapter 3 

Current Trends and Future Directions for Virtual 
Reality Enhanced Psychotherapy 

Marilyn P. Safir and Helene S. Wallach 

Abstract. To date, the best treatment regimens for a wide range of psychological 

disorders have been found to be Cognitive Behavior Therapy (CBT). However, 

difficulties arise with various components of CBT, for example, lack of therapist 

control and loss of confidentiality in the exposure component. Virtual Reality 

CBT (VRCBT) is a new and effective technology that overcomes these 

difficulties. VRCBT has been used in therapy for various psychological disorders 

(phobias, eating disorders, sexual dysfunction, etc.) with promising results. In 

addition, new approaches in VR assisted Psychotherapy and Psychotherapy 

training are also being developed. This chapter presents an up to date review of 

these studies. 

1   Current Trends and Future Directions for Virtual Reality 

Enhanced Psychotherapy 

When Wiederhold and Wiederhold (1998) published their article on the potential of 

Virtual Reality (VR) as a tool in psychotherapy, the existing research consisted 

primarily of a few case studies on the treatment of simple phobias. In a review of the 

current state of the art and predictions of future developments in the integration of VR 

into psychotherapy, two of the early VR pioneers, Skip Rizzo and Ken Graap (Glantz, 

Rizzo and Graap, 2003) presented an excellent forecast about potential developments 

in this field that are still relevant. Since the major application of VR enhanced 

Psychotherapy has been for treatment of anxiety disorders, and Cognitive Behavior 

Therapy (CBT) has been demonstrated to be the treatment of choice for these 

disorders, we focus on the integration of VR into CBT. In 2005, Riva published the 

review: "Virtual Reality and Psychotherapy" in CyberPsychology and Behavior in 

which he cited the increasing numbers of studies in this area and stated that VR is 

becoming an important tool in psychotherapy. The past 10 years have witnessed an 

amazing interest and growth in this field as a result of major advances in and 

development of new technologies. This field also stands out in the formation of 

international and interdisciplinary collaboration within research teams. In addition, 

decreasing costs of apparatus parallel the growth of research, laboratories and 

clinicians working in this field. 

To date, VRCBT has been employed for treatment of phobias (social phobia, 

acrophobia, flight phobia, fear of driving, claustrophobia, agoraphobia, arachnophobia), 

as well as for many other disorders (e.g. Anderson, Rothbaum, & Hodges, 2003; 

Botella, Osma, Garcia-Palacios, Quero, &Banos, 2004; Harris, Kemmerling, & North, 
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2002; Klinger et al., 2005; Optale et al., 1997; Rothbaum, et al., 1995; Wallach & Bar- 

Zvi, 2006; Wallach, Safir& Bar-Zvi, 2009, 2010; Wiederhold&Wiederhold, 2005. also 

reviews by Krijn, Emmelkamp, Olafsson, &Biemond, 2004; Parsons & Rizzo, 2008; 

Riva, 2005). 

2   VRCBT for Specific Phobias  

2.1   Fear of Flying 

Six randomly controlled studies combining VR and CBT found VR to be an effective 

tool for flight phobia (Bornas, Tortella-Feliu, &Llabrés, 2006; Maltby, Kirsch, 

Mayers, & Allen, 2002; Muhlberger, Herrmann, Wiedemann, Ellgring, & Pauli, 2001; 

Muhlberger, Wiedemann, & Pauli, 2003; Rothbaum, Anderson, Zimand, Hodges, 

Lang, & Wilson, 2006; Rothbaum, Hodges, Anderson, Price, & Smith, 2002; 

Wiederhold, Gevirtz, &Spira, 2001). However, in another study the post-treatment 

effect (which was very small) disappeared on follow-up (Maltby et al., 2002). In an 

additional study, only two thirds of the patients actually flew by follow-up 

(Muhlberger, et al., 2001). Furthermore, Muhlberger et al. (2003) found no 

differences between the treatment and wait list groups in actual flying rates. Only two 

studies reported significant differences both post-treatment and in follow-up (Bornas, 

et al., 2006; Rothbaum et al., 2002, 2006). One study reported no differences on 

subjective ratings. However, in this study, there were large differences on the number 

of patients flying post-treatment with more VR patients flying than the control 

treatment patients (Wiederhold, Gervitz, &Spira, 2001). These results were 

maintained in a three year follow-up (Wiederhold&Wiederhold, 2003). 

2.2   Claustrophobia 

Botella, Baños, Villa, Perpiña, & Garcia-Palacios (2000) treated four claustrophobic 

patients with eight sessions of VR therapy. They reported significant improvement on 

fear and depression ratings and on a behavioral avoidance test at both post-treatment 

and a three month follow up. Malbos, Mestre, Note, &Gellato, (2008) treated six 

claustrophobic patients with VR and reported improvement on questionnaires and on 

a behavioral test. Results generalized to real life environments and were maintained in 

a six month follow-up. 

2.3   Acrophobia 

Emmelkamp, Bruynzeel, Drost, & van der Mast, (2001) used an exploratory within 

group design, for ten patients suffering from acrophobia (fear of heights). Patients 

received two sessions of VR followed by two of in vivo exposures and completed 

questionnaires pre-test, post-test and following the two VR sessions. VR was found to 

be as effective as exposure in vivo. However, the 10 patients were not randomly 

chosen but selected from a group of 15 volunteers. Emmelkamp, Krijn, et al (2002) 

then compared VR with in-vivo exposure for subjects suffering from acrophobia. 

They found no significant differences on subjective measures (questionnaires) or on a 

behavioral (avoidance) test between the two treatments on post-test or at a six month 
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follow up. Unfortunately, they did not employ a no-treatment control group. 

Rothbaum, Hodges, Kooper, Opdyke, Williford, & North, (1995) compared seven VR 

Exposure (VRE) sessions with a no-treatment control group and found significant 

differences on self-reported fear and avoidance. Their participants were students who 

were selected from a large student population, who had not requested therapy. VRE 

was only compared with a non treatment wait- list control, and no follow-up data was 

obtained. In addition, there was a large attrition rate from pre-therapy to post therapy 

testing. Participants also dropped out during the VRE therapy, resulting in small 

groups (10 in VR and 7 in Wait List). Krijn, et al. (2004) randomly assigned patients 

to one of three groups: three 1.5 hour sessions of VR therapy with a head mounted 

display, three 1.5 hour sessions of VR therapy with a cave system, and Wait List 

Control group. They found that both VR therapy groups improved significantly more 

than the Wait List Control group on all self report anxiety and discomfort measures, 

as well as on a behavioral avoidance test. No differences were found between the two 

VR treatment groups. Treatment gains were maintained at a six month follow up. 

However, there was a large attrition rate: of the 37 patients assigned to one of the two 

therapy groups, only 25 completed the treatment and three did not complete the 

follow up. 

2.4   Panic Disorder Combined with Agoraphobia 

Two studies examined the use of VR for agoraphobia with panic. Vincelli, et al. 

(2003) randomly allocated 12 patients to one of three treatment groups. One group 

received VR with cognitive therapy components, administered in eight sessions and 

three booster sessions: one, three and six months post-therapy. A second group was 

treated with conventional CBT in 12 sessions and the third was a wait-list control 

group. Significant reductions in anxiety, depression and number of panic attacks for 

both treatment groups were reported. However, the sample was small, and no follow- 

up data was obtained. Choi, et al. (2005) conducted a larger study composed of 40 

patients with two treatment groups (20 in each). The first group received four sessions 

of VR combined with CBT and the second, a traditional 12-session panic control 

program. Both treatment groups improved significantly on subjective (questionnaire) 

ratings of anxiety and depression, on ability to reduce or discontinue medication, and 

on clinician's rating of end-state functioning. There was only one significant 

difference between the two groups. The panic control group demonstrated greater 

reduction on the Panic Belief Questionnaire pre- post scores. No differences were 

found on the other self report questionnaires, in discontinuation of medication, or end-

state functioning. At the six month follow-up, the panic control program 

outperformed the VR treatment in medication discontinuation. No difference was 

demonstrated on end-state functioning. Unfortunately, no self-report questionnaires 

were administered at follow-up. While Choi et al. demonstrated effectiveness of VR 

for Agoraphobia with panic, it appears that four VR sessions were not sufficient to 

produce effects similar to those of the more traditional 12 session treatment. No Wait 

List control was employed in this study. Botella, et al. (2004) treated 37 patients 

with Panic Disorder with and without Agoraphobia. They compared VRE with in- 

vitro Exposure and with a Wait List control following treatment and at a 12 month  
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follow up. Their results demonstrated the efficacy of VRE both post treatment and at 

follow-up. 

2.5   Arachnophobia 

Garcia-Palacios, Hoffman, Carlin, Furness, &Botella, (2002) used tactile 

augmentation in VR exposure for 23 spider phobics. They found that subjects 

improved statistically and clinically more significantly than the control group on both 

objective and subjective measures of fear, and were able to approach a live spider 

post-therapy. None of the patients dropped out of treatment. Cote & Bouchard (2005) 

treated 28 spider phobics with VR exposure in seven sessions. They used 

physiological (cardiac), behavioral avoidance, and subjective (questionnaires) 

measures of anxiety, and found that the treatment was effective in reducing fear on all 

measures. However, no control group was used. Although 61% of their clients 

reached step 9 (of 10 steps) in the behavioral (avoidance) test at post-therapy, only 

46% of the participants were able to complete all stages of the behavioral (avoidance) 

task. In a second study, Bouchard, Cote, St-Jacques, Robillard, &Renaud (2006) 

examined the utility of employing existing video games to treat spider phobia. Eleven 

phobics were treated with VR in a modified video game composed of five sessions 

lasting 90 minutes. They found significant reductions on self report measures as well 

as on the behavioral (avoidance) task. However, their sample was very small, they 

had no control group, and while there was a significant improvement on the 

behavioral task, the average obtained score was about 6 (out of 10) indicating that the 

participants had not overcome their difficulties in approaching the spider. However, 

by employing a one session VR Augmented Reality (the participant views the real 

world enhanced by virtual elements), Botella, Bretón-López, Quero, Baños&García- 

Palacios (2006) successfully treated six individuals. All participants improved 

significantly in all outcome measures after treatment. Furthermore, the treatment 

gains were maintained at 3, 6 and 12-month follow-up periods. 

2.6   Social Phobia 

2.6.1   Generalized Social Phobia 

To date, only one study has been conducted using VR to treat 36 patients suffering 

from generalized social phobia (Klinger, et al., 2005; Klinger, et al., 2004; Roy, et al., 

2003). Four situations were employed: performance, intimacy, scrutiny and 

assertiveness. VR treatment was compared to cognitive behavior group therapy 

(CBGT). VR therapy was conducted in 12 individual sessions lasting 45 minutes 

each, while CGBT was conducted in 12 group sessions lasting two hours each. 

Allocation to group was not random, nor did they employ a wait-list control group. 

No differences were found between the two treatment groups. Both groups improved 

significantly on fear reduction, assertiveness and global functioning measures from 

pre to post test. There was no follow up. 

2.6.2   Non-generalized Social Phobia 

A thorough literature search for studies to include in this chapter, revealed no studies 

employing VR for non-generalized social phobia, other than for the treatment of 

public speaking anxiety. 
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VRCBT has been used in therapy for public speaking anxiety in a few studies. 

North, North, and Coble (1998) compared VRCBT with a no-treatment group and 

found significant reduction in fear measures in the treatment group. However, this 

study included only 16 participants and no comparison was made between the 

treatment and control groups. Harris, Kemmerling, and North (2002) found that four 

sessions of VRCBT were effective for reducing social fear in university students. 

However, they also used a small sample (only 14 completed the study) and group 

assignment was not totally random. Although there were significant reductions in the 

VRCBT group’s reports on anxiety on some measures, only one comparison between 

the treatment and Wait List group proved to be significant. Anderson, Zimand, 

Hodges, and Rothbaum (2005) used VRCBT for ten clients (open clinical trial) and 

found it to be effective. However, their sample was small and they did not use a 

control group. Wallach, Safir and Bar-Zvi (2009) performed a randomized control 

trial treating 88 participants suffering from public speaking anxiety, who were 

randomly assigned to one of three treatment groups: VRCBT (28), CBT (30) and 

Wait List Control (WLC) (30). VRCBT and CBT were significantly more effective 

than WLC in anxiety reduction on four of the five anxiety measures used, and on 

subject's self rating of anxiety during a behavioral task. No significant differences 

were found in observer ratings of the behavioral task. However, twice as many 

subjects dropped out of CBT than from VRCBT, suggesting that VRCBT may be 

more appealing as a therapeutic technique. 

2.7   Post Traumatic Stress Disorders (PTSD) 

While research on VR enhanced psychotherapy had primarily focused on treatment of 

more limited anxiety disorders, awareness of the vast numbers of combat veterans 

(Vietnam, Afghanistan and Iraq) suffering from Post Traumatic Stress Disorders 

(PTSD) has propelled increases in research employing VRCBT for this debilitating 

and often chronic disorder. A VR system, Virtual Vietnam, was first employed by 

Rothbaum, and colleagues (1999) to treat combat PTSD in a case study of a 50-year- 

old, Caucasian male veteran meeting DSM-IV criteria for PTSD. They found post- 

treatment improvement with significant reductions all measures of PTSD and 

maintenance of these gains at a 6-month follow-up with a 34% decrease in clinician- 

rated symptoms of PTSD and a 45% decrease on a measure of self-reported 

symptoms of PTSD. This case study was followed by an open clinical trial of VRET 

for Vietnam veterans (Rothbaum, et. al., 2001). In this study, 16 male PTSD patients 

were exposed to a series of virtual environments, in which the therapist controlled 

various visual and auditory effects (e.g. rockets, explosions, day/night, yelling). After 

an average of 13 exposure therapy sessions over 5-7 weeks, there was a significant 

reduction in PTSD and related symptoms. 

Similar positive results have also recently been reported for VR in the treatments 

of civilians, firefighters and police suffering from PTSD as a result of the attack on 

the World Trade Center. Difede, & Hoffman, (2002) first reported a case study 

employing VR to provide re-exposure to the trauma with a patient who had failed to 

improve with traditional exposure therapy. These researchers have now reported 

positive treatment outcomes from a wait-list controlled VR study with patients who 

were not successful in previous imaginal therapy (Difede et. al., 2007). The VR group 
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demonstrated statistically and clinically significant decreases in clinician rated 

symptoms of PTSD relative to pre-treatment and relative to the waitlist control group. 

Treatment gains were maintained at six-month follow-up. 

Preliminary studies with VR for soldiers suffering from combat PTSD from Iraq 

are also promising (Ready, Pollack, Rothbaum, & Alarcon, 2006; Gerardi, et. al., 

2007; Reger, et. al., 2007; Rizzo, et. al., 2007, Ready, Gerardi, Backscheider, 

&Rothbaum, 2010; Wood, Wiederhold, &Spira, 2010). These studies continue to 

demonstrate that VR is a valuable technology in the treatment of PTSD. It is a 

promising component of a comprehensive treatment approach for persons with 

combat-related PTSD and as well as civilians who have suffered from attacks in non- 

combat situations. It has the potential to more effectively activate patients’ fear 

structures (Courtney, Dawson, Schell, & Parsons, 2009) then Prolonged Exposure and 

to facilitate emotional engagement by augmenting the re-living of the traumatic event 

with a sensory-rich environment that includes visual, auditory, and tactile 

experiences. This results in a more significantly heightened physiological arousal than 

can be achieved through Prolonged Exposure (PE) alone. This heightened arousal, 

along with the multi-sensory nature of the VR experience, should significantly 

improve clinical outcomes, especially for patients who have difficulty engaging 

memories of traumatic events. Additionally, VRCBT may also attract patients who 

would otherwise avoid treatment. Soldiers may be more likely to seek treatment with 

VRET because it employs technologies that they find appealing, thus resulting in a 

reduction of perceived stigma and an increased inclination to discuss aspects of 

treatment with friends or family. Findings reported by Wilson, Onorati, Mishkind, 

Reger, and Gahm (2008), who surveyed 325 soldiers in a deployment screening clinic 

in order to assess their knowledge of current technologies and attitudes towards 

behavioral healthcare, give support for this view. Wilson, et al (2008) also reported 

that 83% of respondents were neutral-to-very willing to use some form of technology 

as part of their behavioral healthcare, 58% reported some willingness to use a VR 

treatment program, 71% were equally or more willing to use some form of 

technological treatment than only talking to a therapist in a traditional setting. 

Furthermore, 20% of the soldiers who stated they were not willing to seek traditional 

psychotherapy rated their willingness to use a VR-based treatment as neutral to very 

willing. It appears that the lower dropout rate in VRCBT, reported above, gives 

additional support to these findings. 

VR assisted treatment for individuals suffering from PTSD from non combat 

related traumas has also shown promise. Botella, Garcı́a-Palacios, Guillen, Ban ̃os, 

Quero, &Alcaniz (2009) report on the successful results in treating clients suffering 

from diverse trauma with a unique and flexible VR program entitled Emma's World. 

Recently, Wiederhold, &Wiederhold (2010) presented a case study of successful 

treatment of PTSD resulting from a traffic accident and Freedman, Hoffman, Garcia- 

Placios, Weiss, Avitzous and Josman (2010) reported employing Virtual Reality 

Prolonged Exposure (VRPE) in the successful treatment for PTSD of a survivor of a 

terrorist attack in Jerusalem. The terrorist used a massive bulldozer to attack two 

buses and several automobiles, in which a number of individuals were killed or 

severely wounded. This patient was riding in one of the two buses that were 

overturned, and especially terrifying for the patient was the decapitation of one of the 

other passengers, and remaining trapped in the bus for a period of time while gasoline 
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leaked into the bus. This patient received 19 90 minute sessions over a 12 week 

period. This client showed great reduction in PTSD Symptoms following treatment. 

This is the first published report of a VRPE adapted treatment program with the 

survivor of a specific terrorist attack and gives additional support for the efficacy of 

this treatment for severe PTSD in civilians who come under terrorist attack. 

3   New Developments in VR Applications  

3.1   Pain Management 

Pain management is an area in which VR applications show great potential when 

employed as a means of distracting the patent from focusing on intensive pain. For 

example, a vivid and compelling program entitled Snow World was developed by 

Hoffman and colleagues as a distraction from the intense pain that accompanies 

changing bandaging of severe burn victims (Hoffman, Blough, & Patterson, 2007). 

Much of the current research is based on case studies and small samples, but suggests 

the great potential in this field. (Hoffman, Patterson, Carrougher, and Sharar, 2001; 

Gershon, Zimand, Lemos, Rothbaum, & Hodges, 2003; Hoffman, et al., 2004; 

Hoffman, et al., 2009; ONeal, Patterson, Soltani, Teeley, & Jensen, 2008). A 

somewhat larger study was designed with 20 juvenile patients, for whom an 

intravenous placement of an attachment for MRI was painful but necessary for their 

successful medical treatment. VR distraction was compared with the use of a topical 

anesthetic with no distraction (standard of care). The children, parents and nurses all 

rated the VR distraction positively for lowering reports of pain. More noteworthy, the 

VR distraction seemed to prevent the fourfold increase in anxiety that accompanied 

the usual standard of care (Gold, Kim, Kant, Joseph, & Rizzo, 2006). In a preliminary 

report summarizing three on-going studies with a total of 88 patients, ranging from 6 

to 65 years, when VR was added to standard analgesic therapy, VR distraction 

provided a clinically meaningful degree of pain relief for burn patients. Hoffman, 

Blough, & Patterson (2007) concluded that employing immersive VR to distract 

patients from pain is not only a safe and effective analgesic technique that reduces 

pain without pharmacological support, but it facilitates the patients’ active 

participation in their rehabilitation. 

3.2   Eating Disorders 

Eating disorders have a different etiology than anxiety disorders, and appear to result, 

in large part, from distorted body image (Cash, &Pruzinsky, 1990; Thompson, 1996). 

A large majority of women appear to be dissatisfied with their body image (Safir, 

Flaisher- Kellner&Rosenmann, 2005). An early study was designed to investigate the 

use of VR to treat body image disturbance (Perpina, et al., 1999). In this study, 13 

patients with eating disorders were assigned to two groups: a standard treatment and a 

VR treatment condition to change distorted body image (BI). The authors’ reported 

that patients treated in the VR condition showed significantly greater improvement in 

specific BI measures. Including the patient's image in VRCBT enables the client to  
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view a more realistic image than she might imagine (Myers, Swan- Kremeier, 

Wonderlich, Lancaster & Mitchell, 2004). 

Riva and his group have been quite active in the development of treatment for 

eating disorders and obesity. Originally their approach was entitled Virtual 

Environment for Body Image Modification (VEBIM), and was designed to treat  

body image disturbances and body dissatisfaction associated with eating disorders. 

CBT (the cognitive element) was employed to revise the patients’ feelings of 

dissatisfaction; VR, in this instance, was employed as both a visual and behavioral 

therapy that aimed at increasing the patient’s awareness of her body within the VRE 

(Riva &Melis, 1997/8). The current designation of this therapy approach is entitled 

Integrated Experiential Therapy and is also based on CBT. The treatment goal is to 

enable the client to identify and change the elements that maintain the disorder. 

Therapy consists of 10 VR sessions. A novel addition is the focus on changing the 

negative emotions about the patients’ bodies, thus motivating them to lose weight. 

Riva proposes that the VRE enables the patient to feel empowered by providing a 

non-threatening setting in which to work on improving their body image (Riva, 

Bacchetta, Cesa, Conti, & Molinari, 2003; Riva, Bacchetta, Baruffi, &Mollinari, 

2001). Incorporating a photograph of the patient and actual changes that occur in 

body shape, enables the patient to recognize and accept these changes in a non- 

threatening environment and increase feelings of self efficacy (Riva, 2005). 

3.3   Sexual Dysfunction 

Presenting a detailed discussion on sexual dysfunction and its treatments are beyond the 

scope of this chapter. However, elements of CBT are basic to the major therapies for 

these disorders. The focus of these treatments was to reduce anxiety about sexual 

functioning, and specifically, to reduce performance anxiety, negative ideations, with the 

gradual reestablishment of appropriate and positive cognitions and behaviors leading to 

positive sexual interactions (Heiman, LoPiccolo, &Palladini, 1987; LoPiccolo, Heiman, 

&LoPiccolo, 1976; Masters & Johnson 1966, 1970). Currently most published research 

in this area has been reported by Guiseppe Optale and his colleagues. Their focus has 

been on Male Sexual Dysfunction - both premature ejaculation and impotence (Optale, 

Marin, Pastore, Nasta&Pianon, 2004; Optale, et al., 1998; Optale, et al., 1997; Optale,  

et al., 1995) Since his program uses VR environments to aid in a psychodynamic 

approach to recover unconscious motivations that result in the dysfunction, we cite this 

research but  are not presenting it in detail. 

However, we foresee the development of programs with augmented elements that 

enable the patient/client to enter the VRE, experience sexual interactions with non 

threatening avatars, and gradually develop behaviors/interactions that may be transferred 

and generalized to real life situations. So, for example, Thomas von Wiegand and 

Wendelin-Sachtler of Corpora Systems, Somerville, MA have developed a penis like 

prototype that can be used with in a VRE for women with problems involving 

intromission, intercourse and orgasm. 
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3.4   Training New Therapists 

This is a new and emerging application of VR. Ryan Howes interviewed Albert (Skip) 

Rizzo and published on line by Psychology Today (February 9, 2010) (http://www. 

psychologytoday.com/blog/in-therapy/201002/cool-intervention-2-virtual-reality). Skip 

Rizzo, whom we have noted is a leader in the development of VR applications, for a 

variety of treatments and for training programs for therapists. Of great interest to us, 

was Rizzo’s presentation of a program that is being developed “with virtual patients 

(with voice recognition) (avatars designed with verbal recognition- our notation) that 

allow novice clinicians to practice both diagnostic and therapeutic interviewing skills 

with a range of challenging virtual clinical populations (e.g., resistant clients, sexual 

assault, PTSD exposure therapy, etc.).” 

We have had the opportunity of viewing this type of program. We cannot over 

emphasize its potential and extreme importance in the training of future clinicians. 

After studying various psychotherapeutic techniques in an academic setting, one way 

of becoming experienced is to role play. In addition, novice clinicians may view 

experienced clinicians at work. They may view training films. In some instances, they 

work as co-therapists before they begin to work directly with patients. If they are 

fortunate, their supervisor can view them in real time or film or tape them in their 

therapy sessions. They then meet with their supervisors to receive supervision. 

Anyone who has supervised clinicians in training, is aware of the anxiety the novices’ 

experience when they begin treating clients. Unlike medical training, where the 

supervisor is present and can take over when the intern is uncertain about how to 

proceed, or unable to continue, the psychotherapy trainee “must sink or swim.” The 

supervisor must then help the trainee overcome missteps that occur in their early 

treatment experiences. The avatars that are currently being developed for clinical 

training experiences are very realistic and have been programmed to interact with the 

novice therapist. Through interactions with patient avatars, the trainee can be 

gradually exposed to various and more and more complex problems. As with VR 

programs in therapy, the supervisor can exert control, enabling the therapist trainee to 

avoid inappropriate responses. The trainee clinicians can be exposed to extreme cases 

in a controlled environment. Thus this type of training will enable the novice clinician 

to learn new and appropriate treatment techniques and to improve his/her skills, 

reaching a high professional level before s/he actually works with “real” patients. 

Clinical training employing patient avatars can be incorporated into academic training 

programs as well as into clinical settings. A number of recent publications provide 

support for the value of enabling the new, inexperienced therapist the opportunity to 

interact with a virtual patient (Kenny, Parsons, & Rizzo, 2010; Parsons, et al., 2010). 

Completing such training can create new therapists who begin work with patients at 

much higher therapeutic skill levels than current training programs offer. 
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Abstract. In the past 10 years virtual reality exposure therapy (VRET) has 

become a viable alternative for exposure in vivo, the gold standard for the 

treatment of anxiety disorders. VRET is often regarded as a natural extension of 

the systematic exposure component of (cognitive) behavior therapy. The objective 

of this chapter is to discuss the treatment of anxiety disorders with VRET and 

review research into the outcome of VRET and the presumed (underlying) 

mechanisms of VRET. We discuss variables, which could play an important role 

during therapy such as the capability of people to experience the virtual world as 

real (presence), cognitions, psychophysiology, and the therapeutic alliance. 

Treatment procedures will be illustrated with case vignettes for different anxiety 

disorders.  

1   Introduction 

Since the seventies of the last century exposure-based therapies [1] have been 

developed to treat anxiety disorders and these treatments are worldwide considered 

the gold standard for these disorders. One core element in most treatments for phobic 

patients is exposure to anxiety arousing cues. Exposure therapy consists of exposing 

patients to situations they fear. Exposure can be carried out in two ways: (1) in 

imagination, in which patients must imagine themselves to be in a fearful situation or 

(2) in vivo, in which patients are actually exposed to the situation, the latter being 

much more effective in agoraphobia [1]. The treatment is based on the notion that 

anxiety subsides through a process of habituation after a person has been exposed to a 

fearful situation for a prolonged period of time, without trying to escape. According 

to the emotional processing theory two basic conditions have to be fulfilled for 

successful therapy [2], [3]. The fear structure of the patient has to be activated and 

information, which is incompatible with the existing anxiety structure has to be 

presented and emotionally processed. Considerable evidence exists, on subjective as 

well as on physiological measures, that anxiety decreases by staying in the situation, a 

process that is called extinction of fear or habituation [4], [5]. In the last decade 

virtual reality exposure therapy (VRET) has become a viable alternative for exposure 

in vivo in treating anxiety disorders, more specifically in treating specific phobias. 

VRET is regarded as a natural extension of the systematic exposure component of 
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behavioral therapy [6]. The most successful programs are carried out in vivo, during a 

long uninterrupted period of time (prolonged), and in which escape and avoidance of 

the situation are prevented [5], [7]. If anxious patients escape the situation that they 

fear, anxiety usually will subside. This escape behavior, however, will reinforce the 

anxiety and hence lead to further avoidance and escape behavior in the future. 

Therefore, in exposure programs it is often necessary to deal with this escape 

behavior by response prevention, which means that the patients are no longer allowed 

to perform escape behavior. Exposure in vivo is well documented in numerous 

randomized controlled clinical trials (see reviews [5], [7], [8]). Thus, exposure has 

become the gold standard treatment of phobic patients. In the case of panic disorder 

and agoraphobia, exposure in vivo not only leads to a reduction of anxiety and 

avoidance, but also to a reduction of panic attacks and cognitive changes, i.e. a 

reduction of anxiety inducing thoughts or negative self-statements [9], [10]. 

2    The Effectiveness of Virtual Reality Exposure Therapy 

Especially in specific phobias virtual reality exposure therapy has been found to be at 

least as effective as the state of the art treatment exposure in vivo [6], [11], [12]. 

Although a number of studies have investigated the outcome of VRET, not all studies 

meet high methodological criteria and are externally valid [13],  [14]. It should be 

noted that most of the randomized controlled trials (RCTs) within this research field 

have been limited to subjects with acrophobia and fear of flying. Research concerning 

the effectiveness of VRET in other anxiety disorders is still in its infancy. After a 

brief description of the various anxiety disorders we will summarize the effects that 

have been achieved with treatments using virtual reality exposure for each specific 

disorder. Results will be illustrated with case studies. 

2.1   Specific Phobias 

One of the most widespread anxiety disorders is the specific or simple phobia. The 

term specific phobia refers to a broad scale of phobias associated with different 

stimuli. Specific phobias are restricted to specific situations or objects. According to 

the diagnostic criteria of DSM-IV-TR of the American Psychiatric Association [15], a 

specific phobia should be diagnosed in the case of a persistent excessive or irrational 

fear of a circumscribed stimulus (object or situation), which is avoided, or endured 

with intense anxiety. The fear or the avoidance behavior has to interfere significantly 

with the person's normal life. The DSM-IV distinguishes four types of specific 

phobias: animal type (e.g. spiders, dogs, cats, snakes, and birds), natural environment 

type (e.g. storms, heights or water), blood-injection-injury type (e.g. dental phobia), 

and situational type (e.g. tunnels, bridges, elevators, flying, driving, or enclosed 

places). When individuals with a specific phobia are confronted with the phobic 

object or situation, this immediately induces extreme distress and panic. When the 

phobic stimulus is away, the anxiety decreases. Research into the effects of virtual 

reality exposure therapy has primarily been conducted on the natural type ( fear of 

heights or acrophobia) and situational type ( fear of flying).  
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2.2   Specific Phobias: Acrophobia (Fear of Heights) 

The first clinical trial on VRET with acrophobia involved a within group design [16]. 

Ten patients were first treated with 2 sessions of VRET followed by 2 sessions of 

exposure in vivo. This design was chosen while the investigators found it unethically 

at that time to withhold the gold standard treatment exposure in vivo from patients. 

Virtual reality exposure therapy, however, was found to be at least as effective as 

exposure in vivo on anxiety and avoidance, which made it ethically acceptable to 

directly compare these treatments in a between group design. In a following study by 

the same research group 3 sessions of VRET and 3 sessions of exposure in vivo were 

compared in a randomized controlled trial (RCT) [17]. To enhance the comparability 

of the exposure conditions virtual environments and real life situations were identical. 

Measures also included a behavioral avoidance test (BAT) at post assessment. Results 

indicated that both treatments were equally effective and that practicing in a virtual 

environment did generalize to the real world as assessed with a BAT. Results were 

maintained at six months follow up. 

In another study [18] patients with acrophobia were randomly assigned to either 

VRET administered by a head mounted display (HMD), or a computer animated 

virtual environment (CAVE), or a no-treatment control group. Subjects in the active 

treatment conditions received three sessions of one hour each. Although in the CAVE 

condition patients experienced more presence than in the HMD condition, this did not 

influence the effectiveness of therapy. Cognitive restructuring is an effective 

component in therapy in treating anxiety disorders as well [5], [7], thus it would be of 

interest if adding cognitive restructuring to VRET would lead to a better outcome 

than just treatment by VRET as stand alone therapy. In a following study the role of 

cognitive self-statements was investigated [19]. Results of this study revealed that 

cognitive restructuring did not enhance the effectiveness of VRET.  

 
Casus  

 

Susan, is a 39 year old woman, who comes into treatment because her fear of 

heights is interfering more and more with her daily life. Susan lives together with 

her partner, who is supporting her when she is having difficulties with heights. 

Susan works as consultant, which demands regularly that she enters high buildings. 

Susan indicates that she has always been afraid of heights: she remembers being a 

kid and having troubles to pass gym lessons because she was afraid of climbing. 

Also during leisure time she never dared to jump of into a swimming pool, or climb 

into trees. When Susan is in a height situation nowadays she is afraid that she will 

fall. Her legs start to shake and she becomes dizzy and she has the idea that she is 

attracted by the depth. Susan does not trust the construction of stairs or buildings 

and does also not trust in her own body to stay in heights because of her shaking 

legs and dizziness. The fear of heights is becoming more and more dominant in her 

daily life because she has to make a lot of effort to avoid difficult situations (e.g. 

work meetings in a high building). Additionally, in her private life the avoidance is 

restricting Susan and her partner more and more in their spare time.  
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After explaining the rationale of the therapy, to break the avoidance behavior, 

Susan starts with the exposure to situations in virtual reality. Together with the 

therapist she makes up an anxiety hierarchy for height situations.  

Susan starts to ascend with an outside fire escape, six stories high. The stairs are 

build with a grid floor where it’s possible to look through. Looking through the 

floor is very difficult for Susan because then she is confronted with the height. 

While going up the stairs Susan starts to have shaking legs and by looking into the 

depth over the handrail she also becomes dizzy. On the fourth floor Susan is able to 

stand through her anxiety and persists the attraction to sit down. After a short break 

(to prevent motion-sickness), Susan starts again ascending the fire escape and 

although experiencing some symptoms of anxiety again on the fourth floor, she is 

able to wait until the symptoms decrease again and Susan goes successfully 

upstairs until the sixth floor. On the top of the fire escape it takes her a bit to get 

accustomed to the view. But after a while Susan even dares to loan over the 

handrail, looking straight into the depth. At the end of the session Susan can’t 

believe that she succeeded in breaking her avoidance behavior and doing things she 

has not done in years. In the lasting three therapy sessions Susan practices to go 

into heights step by step on the virtual fire escape, going to a virtual roof garden 

and going upstairs in a virtual construction place. After the last treatment session 

Susan is very happy with the results. A few weeks later we receive a photography 

of her and her partner in a ferris wheel waving and smiling!  

 

 

In sum, VRET has been found to be an effective treatment for patients with fear of 

heights. It has been found to be as effective as the gold standard exposure in vivo and 

results generalize to real life. Further, adding cognitive restructuring did not enhance 

treatment effectiveness. Presentation of the virtual worlds through a HMD or CAVE 

enhanced feelings of presence, but did not affect the effectiveness of treatment.  

2.3   Specific Phobias: Fear of Flying 

A number of studies has evaluated the efficacy of VRET in subjects with fear of 

flying. A number of studies [20], [21], [22], [23] found 5 to 8 sessions of VRET more 

effective than controls, but results are difficult to interpret because in these studies 

VRET was combined with anxiety management training and the specific effects of the 

different components were not investigated. Mühlberger et al. [24] found 4 sessions 

of VRET more effective than relaxation. In a series of studies by the same group was 

found that even one prolonged session of VRET was effective [25], [26]. Further, 

motion simulation did not enhance the effectiveness of VRET [25]. In the study of 

Mühlberger et al. [26] results indicate that the attention or presence of a therapist 

during a test flight did not enhance the capability of clients to fly. Results where 

stable at 12 months follow up. Three quarter of the whole group was able to take the 

graduation flight after only one treatment session. 

VRET has also been compared with other treatments than relaxation. Wiederhold 

and Wiederhold [27] found 8 sessions of VRET more effective than 8 sessions of 

imaginal exposure. Krijn et al. [28] compared four sessions of VRET with four 

sessions of cognitive behavioral therapy (CBT) or with bibliotherapy over a five week 



 Virtual Reality Exposure Therapy for Anxiety Disorders: The State of the Art 51 

period. Subjects in the bibliotherapy condition did not receive any treatment during 

the next five weeks. After five sessions  no differences between VRET and CBT were 

found, but both treatments were more effective than bibliotherapy. 

 

Casus  

 

Tom, is a 33 year old man, who comes into treatment because his fear of flying 

interferes with his professional life. Tom is married and father of two young 

children. For his job he has to fly on regular basis, in busy times twice or more a 

week. Tom has never been afraid of flying until a few years ago. On one flight 

home he suddenly experienced intense fear of crashing and even experienced 

physical symptoms as heart-racing and sweetening. Since then his anxiety about 

flying became only worse. When Tom has to fly, he cannot sleep the night before, 

he is constantly busy with catastrophic thoughts about the flight and he ruminates 

what might happen to his family in case he dies in a plane crash. The last months 

he only succeeds in flying by taking great amounts of tranquilizers and a number of 

glasses of alcohol. His fears are getting worse and he has hangovers from the 

tranquilizers and alcohol, which impairs the quality of his work. Tom is convinced 

that the airplane he sits in will crash. To him it is very difficult to not have control 

in a situation and not to be able to leave the situation when he can’t bear it 

anymore. Given that the quality of his work is severely impaired, Tom is highly 

motivated to work on his problems. 

After introducing Tom to the virtual environments and explaining the 

importance of breaking the avoidance behavior, Tom starts with the exposure to a 

virtual airport. Tom enters the airport and first has to get in line to check in. After 

that he passes the security check and then enters the duty-free area. On the 

background Tom can hear last calls for passengers and incoming and outgoing 

flights. The tension increases when Tom is getting closer to the gate and he can 

hear the outgoing flights better. Although he almost experiences panic, he is able to 

walk all the way to the gate. 

After a short break (to prevent motion-sickness), Tom sits in real airplane chairs 

provided with subwoofers for tactile support. He sees a virtual airplane and other 

people sitting around him. Tom makes a first virtual flight from Amsterdam to 

Italy. During take-off and also during landing Tom experiences intense fear. After 

the flight he is exhausted but happy that he did the flight without taking any 

medication. The following three therapy sessions Tom practices every session two 

virtual flights. As sessions succeed the virtual flights become more and more 

difficult and besides heavy turbulence also thunderstorms take place. In the 

beginning his anxiety becomes almost overwhelming but the more he practices the 

more relaxed he becomes. In the last therapy session he still experiences some 

tension during turbulent flights, but his general anxiety level has decreased 

enormously. After treatment termination Tom is confident about his next real flight 

without alcohol and medication. After that flight Tom lets us know that he still was 

a bit tense – but that he, for the first time in years was able to go to the restrooms 

and even “dared” to look out of the window.  
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In sum, VRET is an effective treatment for fear of flying. It is more effective than 

bibliotherapy, imaginal exposure or relaxation. Clear advantages in costs  are obvious, 

since treatment can be done in virtual airplanes, rather than having to take a real 

flight. 

2.4   Social Phobia 

Social phobia is characterized by a marked and persistent fear of social or 

performance situations in which the person may be scrutinized by others and fears 

coming across in way that would be embarrassing or humiliating [15]. People with a 

social phobia have a strong fear of one or more social situations, such as talking in 

public, entering a room with other people, ordering food in a restaurant etc. The effect 

of this phobia on patients includes depression, substance abuse (e.g. alcoholism, drug 

abuse), restricted socialisation, and poor employment and education performance. It is 

a chronic disorder, which usually begins in early adolescence and results in 

considerable impairment on role functioning and reduction of quality of life that 

increases over an individual’s lifespan. A lifetime prevalence ranging from 3% to 

13% has been reported by epidemiological and community studies [29]. In the 

western world, social phobia leads to intensive use of (mental) health services. 

As discussed above, exposure in vivo is the gold standard for treatment of phobias. 

With exposure in vivo, patients are exposed to gradually more anxiety arousing 

situations for prolonged periods of time per session until anxiety dissipates and 

habituation occurs. One of the problems with exposure in vivo with social phobics is 

that it is difficult to build a hierarchy of gradually more difficult social situations to be 

practiced during treatment, given the unpredictability of reactions of other people. 

Moreover, many social interactions are time-limited, often not long enough for 

habituation of anxiety to occur. These aspects are a serious drawback for the ‘normal’ 

use of exposure in vivo for social phobics and may explain why treatment with 

exposure in vivo with social phobics is less effective than with individuals with 

specific phobia such as fear of heights or claustrophobia [30].  

Exposure using virtual reality may solve many of the problems currently associated 

with conducting exposure therapy with social phobics. In virtual reality exposure to 

virtual social situations can be repeated over and over again until habituation occurs. 

Moreover, the therapist can control a hierarchy of increasing difficulty within and 

between the virtual social scenes. Further, In clinical practice treatment often consists 

of group therapy, which might be too aversive for socially anxious patients. Taken 

these considerations into account, VRET could be an ideal treatment for patients with 

social anxiety since exposure can be better controlled and VRET is given individually 

rather than in a group. Unfortunately, until to date very few studies have investigated 

this possibility. In one study [31] individually conducted VRET was compared to 

group treatment consisting of cognitive behavioral therapy. Results are difficult to 

interpret for a variety of reasons, including non random allocation to treatment 

conditions, no behavioral measure to investigate generalization to real rather than 

virtual social situations, and no control group. In addition, a possible confound is the 

comparison of an individual treatment (VRET) with a groups treatment. Especially in 

the treatment of social phobia where social contact in the context of participation in a 



 Virtual Reality Exposure Therapy for Anxiety Disorders: The State of the Art 53 

group can be interpreted as exposure in vivo to a feared stimulus, group treatment 

may confound the effects of CBT per se. 

The only RCT on the treatment of social phobia with VRET was reported by 

Wallach et al. [32]  and involved subjects with a specific social phobia: fear of public 

speaking.  Results indicated that cognitive behavior therapy plus VRET was not more 

effective than standard cognitive behavior therapy for fear of public speaking. Both 

treatments were superior to the control condition on anxiety measures and on a 

behavioral avoidance measure (BAT). Twice as many subjects dropped out of the 

cognitive behavioral condition than out of the cognitive behavioral plus VRET 

condition, which suggests that VRET made the treatment less aversive and more 

palatable for patients. 

For social phobia most experimental systems focus on the fear of speaking in front 

of a group of people. In these systems people are asked to talk in front of a number of 

human avatars as part of a presentation to peers or a job interview. In an interesting 

study of Pertaub, Slater and Barker [33] it was found that the attitude of a virtual 

audience (positive, neutral or negative) results in different anxiety-level (high, 

medium, low) of the subjects. Besides more formal public speaking scenes, 

environments for other scenes have also been developed such as an  informal dinner 

with friends, entering a public space like a cafeteria or a bar, public transport, and a 

store, but none of these virtual worlds has been investigated in the context of a 

treatment outcome study.  

In sum, although the first results of VRET in public speaking are promising further 

controlled studies are needed in other forms of social phobia before this treatment can 

be recommended for social phobic patients. 

2.5   Panic Disorder 

Panic disorder is characterized by recurrent panic attacks, which are discrete periods 

of intense fear and discomfort, often occurring unexpectedly. Panic attacks are 

accompanied by a number of symptoms, such as shortness of breath, dizziness, 

palpitations, trembling, sweating, choking, abdominal distress, depersonalization or 

derealization, fear of dying or fear of going crazy. Panic disorder often leads to 

extensive avoidance behavior,  since these patients fear being in places or situations 

from which it is difficult to escape, or in which there is no help at hand in case of a 

panic attack. Agoraphobia is anxiety about being in situations from which escape 

might be difficult or in which help may not be available in the event of having a panic 

attack or panic-like symptoms. This anxiety typically leads to a pervasive avoidance 

of a variety of situations such as being home alone, being in crowded places, entering 

shops and walking and travelling alone either by car or public transport. Panic 

disorder usually starts between late adolescence and early 30s. In many cases the first 

attack is triggered by psychosocial stress (e.g. living on ones own, physical illness, 

delivery or medical treatment).  

In more complex anxiety disorders as panic disorder controlled studies (RCTs) into 

VRET are scarce. In patients with panic disorder and agoraphobia treatment has to 

focus on two components: panic and agoraphobic avoidance behavior [7]. Treatment 

of panic consists of cognitive therapy. Exposure to agoraphobic avoidance behavior 

consists of exposing individuals to situations they fear – which can be easily done in 
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virtual environments. Three clinical trials (RCTs), which investigated the effects of 

VRET in subjects with panic disorder, have been published. In the first controlled 

study a combination of cognitive therapy and VRET was less effective than a 

standard cognitive behavioral program (“panic control”) at 6 month follow-up [34]. A 

major limitation of this study is that both treatment conditions received an unequal 

amount of treatment sessions. Interestingly the cognitive therapy plus VRET 

condition achieved at post-assessment the same results with fewer therapy sessions 

than the panic control program, although at follow up standard cognitive behavior 

therapy was found to be more effective. This aspect and the multi-component package 

of which the specific contribution of each component on its own was not evaluated 

makes generalization difficult.  In a study of Botella et al. [35] CBT directed at the 

panic plus VRET was found to be as effective as CBT plus exposure in vivo; both 

treatments were more effective than a no-treatment control condition. The results 

remained stable at 12 months follow up. Unfortunately, neither in the Botella study 

[35] nor in the Choi study [34] was investigated whether results generalized to the 

real world since no BAT was included. 

One study found that results of VRET in patients with panic disorder and 

agoraphobia generalized to the real world [36]; CBT and a combined VRET-CBT 

program were found to be equally effective at post-test and at 3 months follow up. All 

subjects received antidepressant medication as well, so results cannot be attributed 

alone to the effects of VRET.  

 

Casus  

 

Jenny, a 51 year old woman, comes into treatment because her anxiety and panic 

overrule her whole life. Jenny is mother of three children who are grown up and 

since the divorce from her husband she lives alone. One day a week she works as a 

volunteer in a tourist organization. Although she has known panic attacks al her 

life, Jenny is tired because her panic costs her so much energy. She has ten to 

fifteen full-blown panic attacks a month in a variety of situations. During a panic-

attack she is afraid that she will faint or die of a heart attack. Besides the intense 

and sudden anxiety she suffers from palpitations and breathlessness, a feeling of 

choking, transpiration and trembling, she is dizzy and has the idea that things 

around her are unreal. Due to intensity of her panic attacks, Jenny is avoiding 

especially unknown places, public transport, bridges and tunnels and social events 

(party’s or meetings). 

After four sessions of therapy, wherein is worked with the cognitive model of 

panic and interoceptive exposure, Jenny starts with exposure to situations in virtual 

reality. Together with the therapist she makes up an anxiety hierarchy for 

situations, which are difficult for her in daily life. To start with, Jenny wants to 

practice in a virtual  underground metro-station. Jenny puts on the 3D-glasses and 

the therapist guides her through the virtual metro-station. After the first stairs and 

after passing the metro-ports on the escalator to the platform, the anxiety becomes 

so overwhelming that Jenny experiences a panic attack. Although she is having a 

hard time, Jenny succeeds in staying in the virtual situation and after a few minutes 

the fear decreases and Jenny is able to move on to the platform. After a short break 

(to prevent motion-sickness), Jenny enters the metro-station again. Although she 
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feels tension and anxiety, she is able to descend to the platform without 

experiencing too much anxiety and without entering into panic again. After the 

session Jenny is exhausted but also very proud because she succeeded in breaking 

her avoidance behavior, albeit virtually. In the following treatment sessions Jenny 

practices in for her unknown virtual places, as a small town, a crowded market 

square and a wide open square in a foreign city. Almost every session Jenny also 

practices in the virtual metro-station and even though it always triggers a bit of 

tension and in the beginning still a bit of panic, at the end of the treatment she is 

able to walk it all the way through, without experiencing any anxiety. After six 

sessions of virtual reality exposure Jenny is very happy because she succeeded in 

breaking her avoidance behavior also in real life. 

 

 

In sum, the results of pure VRET have hardly been investigated in panic disorder 

and agoraphobia. Only Botella et al. [35] compared VRET and in vivo exposure 

directly and found both components equally effective.  

2.6   Posttraumatic Stress Disorder 

Posttraumatic stress disorder (PTSD) is the development of characteristic symptoms 

following the exposure to an extreme traumatic event, involving threat to someone’s 

personal integrity or witnessing happening something like that to someone else [15]. 

People with PTSD suffer from persistently re-experiencing the traumatic event with 

intrusive thoughts or nightmares. Often they are acting or feeling as if the traumatic 

event were recurring. People tend to avoid stimuli, which are associated with the 

trauma and do efforts to avoid also feelings or thoughts or conversations associated 

with the trauma.  

Treatment of PTSD has focused on repeated exposure (in imagination) to the 

traumatic event and on breaking avoidance behavior in daily life of stimuli associated 

with the traumatic event. The focus of treatment of PTSD with VRET has been on 

war veterans who severely are impaired by traumatic experiences made on missions. 

Typical war scenarios are replicated virtually (e.g. entering with a tank a hostile city), 

so that veterans can be repeatedly exposed to these scenarios.  

To date studies concerning the treatment of PTSD with VRET are scarce. Only one 

comparative treatment outcome study was published. In a study by Difede et al. [37] 

patients with PTSD underwent a flexible amount of exposure sessions (VRET), with a 

maximum of 14 sessions. At post-assessment the VRET group improved significantly 

on specific PTSD measures, whereas the no-treatment control group did not. Thus, 

these preliminary results indicate that VRET could be a useful intervention in subjects 

with PTSD at least in some cases. These results are also supported in a report by 

Ready, Pollack, Rothbaum and Alarcon [38], in which the data of two open studies 

are pooled on the treatment of Vietnam veterans diagnosed with PTSD who 

underwent VRET. Subjects improved significantly on specific PTSD measures, with 

stable results at follow up three and six months later. Possible problems in this patient 

group are that traumata are often too idiosyncratic to be treated with standard virtual 

environments and that it often will be impossible to create virtual environments that 

are realistic (e.g. child abuse, rape). 
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2.7   Meta-analyses 

Two meta-analyses have been reported concerning the effectiveness of VRET in 

anxiety disorders [11], [12]. In both studies VRET was found to be equally effective 

or superior to a variety of control groups. In the meta-analysis of Powers and 

Emmelkamp [12] 13 studies (n = 397) were included. Studies were excluded that 

involved case reports, multiple components of treatment conditions, and unequal 

amount of treatment sessions in the treatments compared. VRET was more effective 

than control conditions and as least as effective as exposure in vivo. Generally, effect 

sizes of VRET were large to very large, but most of the studies involved specific 

phobias.  In the other meta-analysis less strict criteria were applied and 21 studies (n = 

300) were included in the analysis [13]. Unfortunately also case reports were included 

which makes comparability with RCTs rather difficult, especially given the different 

anxiety disorders investigated, and the different amount of treatment sessions in the 

studies compared, which was not controlled for in the analyses.  

2.8   Concluding Remarks 

Although the two meta-analyses [11], [12] reported promising effect sizes for VRET 

generalization across anxiety disorders is hardly possible. Only in two specific 

phobias (fear of flying and acrophobia) there is now conclusive evidence that VRET 

indeed is effective in comparison with the state of the art treatment and controlled for 

the effect of time. With respect to other phobias and PTSD hardly any comparative 

outcome study has been reported which make any conclusion with respect to clinical 

relevance of VRET for these disorders premature. Results concerning the treatment of 

panic disorder are promising, but definite conclusions are precluded since the effects 

of the VRET component in the package cannot be established in most of these 

studies.   

3   The Role of Presence 

As mentioned in the introduction, according to the emotional processing theory of 

Foa and Kozak [2], [3] two conditions within therapy sessions have to be met for 

successful emotional processing. The fear structure has to be activated and 

information incompatible with this existing structure has to be presented and 

incorporated. To activate the fear structure virtual environments have to be 

experienced as real enough by subjects (presence) to elicit a sufficient amount of 

anxiety. Presence refers to the sense of “being there” in the environment depicted by 

the virtual environment and to the extent to which the virtual environment becomes 

the dominant one, i.e., that participants will tend to respond to events in the virtual 

environments rather than to events in the real world [39]. Therefore presence is 

considered a condition sine qua non for successful virtual reality exposure therapy. 

VRET is based on the assumption that people feel ‘‘present’’ in the virtual 

environment. Level of experienced presence is therefore assumed to be an important 

mediating variable.  

Given that presence is considered a basic condition for successful therapy research 

has focused on the part played by presence on therapy outcome. While for many 
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subjects VRET is less aversive than exposure in vivo, in some subjects VRET cannot 

elicit presence and therefore anxiety cannot be provoked. These patients tend to drop 

out of treatment. Until now it remains unclear why some patients can benefit from 

VRET and others not. Below research concerning technical aspects and the individual 

capacity to experience presence will be discussed. 

3.1   Technical Aspects 

According to Slater and Wilbur [40] the term immersion refers to an objective 

description of the aspects of the system such as field of view and display resolution, 

while the term presence refers to the subjective phenomenon such as the sensation of 

being in a virtual environment. Systematic research concerning the different systems 

has been focused on the hardware most often used: a Computer Animated Virtual 

Environment (CAVE) and a Head Mounted Display (HMD). Given the more 

immersive character of the CAVE, it has been suggested that the CAVE would 

generate a higher sense of presence than presentation through a HMD. In a study of 

Krijn et al. [18], a higher sense of presence was found in subjects undergoing VRET 

for acrophobia in the CAVE; however, although the patients experienced significantly 

more presence in the CAVE than in HMD, this was not related to outcome of 

treatment: CAVE and HMD presentation of virtual worlds proved to be equally 

effective.  

Contrary to the study of Krijn et al. [18], Juan and Perez [41] found that the CAVE 

not only generated a higher sense of anxiety in non-phobic subjects but also a higher 

sense of presence. However, given that it was a student population, the results of 

Krijn et al. study [18] have more implications for clinical settings.  Price and 

Anderson [42] studied the role of presence on experienced anxiety during VRET. 

Results supported presence as a factor that contributes to the experience of anxiety in 

the virtual environment; there was no evidence, however, that there was a relation 

between presence and treatment outcome, thus corroborating the results of the study 

of Krijn et al. [18]. 

3.2   Personality Characteristics 

In addition to research into the technical aspects associated with the experience of 

presence, personality characteristics of subjects undergoing virtual reality exposure 

therapy may be related to the level of presence experienced as well. One construct 

that could play an important role in the capability to experience presence is absorption 

[43]. Absorption refers to the tendency to become immersed in movies, acting, nature, 

voices, past events, etc. Therefore it could be argued that subjects who have a greater 

tendency to become immersed in fictional events or have a capacity to dissociate can 

benefit more from VRET than subjects who do not have this tendency. However, 

research is still inconclusive [44], [45]. There is some evidence, however, that 

subjects who are more introvert tend to experience higher levels of presence [46]. 

Given the few studies investigating individual characteristics related to the 

experience of presence there is no robust evidence yet that a specific personality trait, 

may be used to predict potential benefits of VRET for future patients.  
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4   Process of VRET 

Although VRET is regarded as a natural extension of the systematic exposure 

component of (cognitive) behavior therapy [6], to date hardly any research has 

examined the underlying mechanisms of change in VRET. In research into the 

therapeutic process of exposure based treatments, the emphasis has been on the 

habituation process, using psychophysiological measures, and on changes of anxious 

thoughts of patients. Further, there is considerable evidence that the quality of the 

relationship between the therapist and the patient affects treatment outcome. In this 

paragraph we will discuss research that has been conducted into these processes 

during VRET.  

4.1   Psychophysiology in the Process of VRET 

Although extensive research has been done with psychophysiological measures into 

the process of VRET, results are still inconclusive. Different physiological measures 

as heart rate (HR), heart rate variability (HRV), or galvanic skin conductance (GSC) 

have been used to analyze physiological arousal and habituation processes in VRET. 

Research in this area was recently reviewed by Meyerbröker and Emmelkamp 

[14]. Firm conclusions about a pattern of physiological arousal during VRET cannot 

be drawn since no coherent pattern was found in the studies reviewed. Overall in none 

of the studies consistent support was found for the emotional processing theory as 

indicated by changes in heart rate [2]. More support was found for changes in GSC 

during VRET [47], [48], [49], but this was not corroborated in another study [50]; all 

three studies, which found support, lacked sufficient statistical power. Studies with 

more sophisticated research designs, making a direct comparison between VRET and 

exposure in vivo while keeping all other variables constant are needed before more 

definite conclusions about physiological processes during VET can be drawn. 

4.2   Cognitive Mechanisms in Virtual Reality Exposure Therapy 

Research into cognitive processes during VRET is still in its infancy. The few studies 

addressing cognitions during the process of VRET use a variety of approaches, which 

shed some light on cognitive processes, but are not yet conclusive. Although there is 

some evidence that VRET may lead to change on an implicit cognitive measures [51], 

it is still questionable whether the Stroop task used provides a reliable indication of 

automatic processing. More promising results were revealed with respect to changes 

in self-efficacy and self-statements over the course of VRET. In a series of studies by 

our own research group [19], [28], [52] was found that VRET resulted in significant 

changes in self-statements (anxious thoughts) and self-efficacy, although the therapy 

did not focus on these processes directly. 

4.3   Therapeutic Relationship 

A central process aspect concerning therapy outcome is the therapeutic alliance 

between therapist and client. Because of its modest but stable ability to predict 

treatment outcome, the therapeutic alliance has become one of the most studied 
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process variables in psychotherapy research, but the alliance research in technology-

based psychological treatment has been neglected [53].  

Meyerbröker and Emmelkamp [52] investigated the mediating role of the 

therapeutic alliance in subjects with fear of flying or acrophobia. Results indicated 

that the quality of the therapeutic alliance as assessed with the Working Alliance 

Inventory [54] was positively related to treatment outcome in the fear of flying group 

but not in the acrophobia group. The discrepancy with respect to the predictive value 

of the therapeutic relationship between the two groups might be related to differences 

in challenges within the exposure sessions, which differed for the two groups. In the 

fear of flying patients exposure was standardized for all patients eliciting moderate 

anxiety, while exposure in the patients with acrophobia was more challenging in that 

therapists pushed the patient more to do more difficult exercises. There is a clear need 

for further studies into the mediating role of the therapeutic relationship in VRET.  

5   Concluding Remarks  

VRET has been found to be an effective treatment for specific phobias, but more 

studies are needed to evaluate its effectiveness in social phobia, PTSD, and panic 

disorder and agoraphobia. Although the two meta-analyses done reveal moderate to 

high effect sizes for VRET [11], [12], generalization across anxiety disorders is 

hardly possible. In more complex anxiety disorders as panic disorder and social 

phobia, which form the core clinical group, first results of VRET are promising. 

Given that patients with social phobia and panic disorder and agoraphobia are often 

too scared to refer themselves to treatment, a future aim in research could be to first 

start treatment at home via an internet port, where patients can login and start first 

treatment sessions in virtual reality. 

As to PTSD it is questionable whether most cases of PTSD can be successfully 

treated with virtual reality. Treatment for PTSD with virtual reality seems realistic for 

veterans who have been traumatized in more or less comparable war situations. Other 

traumatic events/incidents are often too idiosyncratic to be rebuild in virtual 

environments and such  traumatic incidents might be easier and better treated with 

other state of the art treatments for PTSD. 

Although VRET has been found effective in a number of studies, the process how 

these effects are achieved is still not clear. There is a clear need of studies into the 

processes involved in VRET. In sum, it would be a valuable addition when research 

into VRET would not only focus on outcome but also on the underlying processes.  
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Abstract. This chapter describes the deployment of Virtual Reality (VR) for 
Cognitive Behavioral Therapy (CBT) to treat anxiety and other psychological 
disorders. Regarding anxiety, the most common technique is constituted of Ex-
posure Therapy that, transposed to Virtual Reality, allows the patient to face a 
digital version of the feared object or situation, instead of a real or imaginal 
one. Virtual Reality Exposure Therapy (VRET) has proved effective in the 
treatment of anxiety disorders such as social phobia, Post-Traumatic Stress Dis-
order (PTSD), and panic disorder with agoraphobia and has shown an efficacy 
comparable to traditional in-vivo exposure with various specific phobias such 
as arachnophobia, acrophobia, and fear of flying. Thanks to its versatility, VR 
has also found an employment within the CBT framework with other psycho-
logical disorders, such as substance abuse, eating disorders, and in inducing 
non-pharmacological analgesia in patients undergoing painful medical proce-
dures. Even when VR-based therapy does not lead to better results than tradi-
tional CBT in terms of efficacy, there are several reasons for preferring it over 
in-vivo exposure, including patient’s comfort and safety, as well as the possibil-
ity to create complex or delicate scenarios (e.g. PTSD scenarios). In addition, 
VRET can be employed to facilitate the transition toward fearful objects in the 
real world in patients who would otherwise refuse to face real stimuli. 

1   Introduction 

This chapter illustrates the newest applications of Virtual Reality (VR) to psychother-
apy, in particular the applications included within the Cognitive Behavioral Therapy 
(CBT) approach. According to the American National Association of Cognitive Be-
havioral Therapists, CBT is an educational model to unlearn certain responses with 
the help of facts and practice; therefore it is briefer than other therapies and not fo-
cused on the therapeutic relation (http://www.nacbt.org/whatiscbt.htm). CBT is also 
an evidence-based therapeutic approach, proven effective by a mass of experimental 
evidence on a wide range of disorders, and in constant research for improved and 
innovative methods and techniques to treat people suffering from various disorders. 
For this reason, CBT is especially apt, compared to other psychotherapeutic ap-
proaches, to acknowledge the possibilities offered by VR.  
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In recent years, several literature reviews and meta-analysis have been published to 
describe the increasing popularity of VR deployment in psychotherapy (among others, 
[1], [2], [3], [4], [5], [6], [7], [8]). The scope of the present chapter ranges from the 
first works on VR-based psychological intervention to treat specific phobia in the 
nineties, to more recent application on anxiety disorders and other psychological and 
medical conditions. The aim is to provide an up-to-date, wide coverage of VR appli-
cation to CBT, whereas the abovementioned reviews were mainly focused on one or 
more specific areas, such as anxiety disorders. About 140 studies are reported, select-
ing those works that include an assessment of the VR system, either in terms of thera-
peutic effectiveness, or for the ability to actually induce the psychological condition 
connected to the disorder. The studies are then grouped according to the psychologi-
cal or medical condition addressed. 

The chapter begins with anxiety disorders. A short description of Exposure Ther-
apy is provided as a start (Section 2.1), since CBT for anxiety disorders through VR 
relies mainly on this technique; studies of arachnophobia, acrophobia, fear of flying, 
social phobia, panic and agoraphobia are subsequently presented in Sections 2.2 to 
2.6. This section is then completed by a paragraph briefly considering other aspects of 
the VRET experience besides treatment effectiveness, and highlighting some addi-
tional advantages of VRET versus in-vivo exposure (Section 2.7). Section 3 describes 
the application of VRET to a different anxiety disorder, i.e. Post Traumatic Stress 
Disorder (PTSD; Section 3.1), and to stress management (Section 3.2). 

The illustration of the major deployment of virtual exposure in psychotherapy con-
tinues with VR Cue Exposure treatment for substance abuse (Section 4.1) and VR 
employment in the treatment of eating disorders (Section 4.2). The final part of the 
chapter is devoted to a different kind of cognitive behavioral intervention, where the 
VR does not expose the participant/patient to stimuli related to the problematic condi-
tion, but to a stimulus distracting from it. This paradigm is used for pain therapy both 
with children and adults (Sections 5.1 and 5.2 respectively), and sometimes before the 
painful experience by inducing hypnosis (Section 5.3). In addition to considering the 
effectiveness of this therapy, the studies considering its possible psychological bases 
are considered as well (section 5.4). The conclusive section includes some remarks on 
the role of the specific equipment adopted and on ethics. 

2   Virtual Reality Exposure Therapy for Phobia 

2.1   Exposure Therapy 

Exposure Therapy consists of a gradual approach of the patients to objects and situa-
tions they are afraid of. According to Foa and Kozak ([9], p.21) “fear is represented in 
memory structures that serve as blueprints for fear behavior, and therapy is a process 
by which these structures are modified”. These structures imply exaggerated physio-
logical and behavioral responses and are quite resistant to modification, both because 
they have strong structural coherence [10] and because of altered fear-relevant infor-
mation processing [11]. In fact, patients suffering from anxiety disorders may pay 
enhanced attention to detect fear-relevant stimuli in the environment, and also inter-
pret the presence of these stimuli as more threatening than they actually are. 



 Virtual Reality as a Tool for Cognitive Behavioral Therapy: A Review 65 

According to this model [9], to reduce fear, the memory structure must be activated 
by fear-relevant elements in the environment, and at the same time, some features of 
fear-relevant information must be incompatible with the memory structure, promoting 
the formation of an alternative memory. To produce an emotional change and then 
reduce fear, this new cognitive and affective information needs to be incorporated into 
the memory structure.  

This change is reached through three steps: first, patients produce an intense physio-
logical response and report intense discomfort during exposure to a fearful stimulus; 
then physiological reactivity gradually decreases within each session; finally, physio-
logical response to the fear-provoking stimulus decreases across sessions. 

Thanks to psycho-physiological habituation, an attenuated response occurs after 
repeated exposure to the feared stimulus; this information is incompatible with the 
memorized fear structure and weakens the connection between stimulus and response. 
Moreover, the exposure to a feared situation promotes the patient’s awareness that, 
despite the presence of the stimulus perceived as a threat, no actual harm is suffered, 
leading him/her to a more realistic evaluation of its probability. Finally, experiencing 
a reduced distress and physiological activation in front of the feared stimulus is incon-
sistent with the belief that avoidance is the only way to decrease anxiety [9]. 

A considerable amount of evidence on the effectiveness of exposure techniques in 
the treatment of anxiety disorders has been gathered in the last decades [12], [13], 
[14], [15] [16]. 

To date, in-vivo exposure to feared stimuli is considered the golden standard in the 
treatment of anxiety disorders [17], but there could be several reasons why this proce-
dure might not be undertaken. For example, a patient could consider it as too anxiety 
provoking. Or some fear-provoking scenarios could be difficult to find in the real world. 
When this is the case, the exposure can be obtained through pictures, films, or mental 
imagery elicited by written or verbal descriptions of the fear-inducing stimuli. If these 
media contain elements matching a fear memory structure, it can be activated [9]. 

When it is impossible to undergo in-vivo exposure, imagery procedure based on 
patients’ memory has been successfully employed [18], [19], or a mix of imagery and 
in-vivo exposure to safe trauma-related stimuli [20]. 

However, other studies confirm that results obtained by in-vivo exposure are 
somehow superior to results obtained with other forms of exposure, such as imaginal, 
vicarious, or video exposure [21], [22], [23]: indirect exposure has been confirmed 
able to produce improvement, but when compared to direct exposure the latter shows 
better outcomes in some measures and/or better results in the long-term. So, despite 
the attempts to find a valid alternative to in-vivo exposure, this purpose has probably 
been accomplished only with the introduction of Virtual Reality Exposure Therapy 
(VRET). 

In the next sections the existing literature on the efficacy of this approach is re-
viewed, in particular the treatment of specific phobias, social phobias and panic dis-
order with agoraphobia. 
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2.2   Arachnophobia 

One of the first case report on the treatment of arachnophobia by means of immersive 
VR was published by Carlin, Hoffmann and Weghorst in 1997 [24]. The patient was a 
thirty-seven year old woman who suffered from a severe spider phobia. VRET treat-
ment consisted in twelve weekly sessions of fifty-minute duration over three months, 
delivered by means of a VR system depicting a virtual kitchen seen through a head 
mounted display (HMD). The position of the cyberhand was controlled by a sensor 
attached to a glove worn on the right hand, and a second sensor was employed to 
control the position of a toy spider matching the virtual spider that the patient saw in 
the virtual kitchen. After one month, the patient began to receive tactile cues: when 
her cyberhand explored the virtual spider, her real hand touched the toy spider. Patient 
could feel spider’s weight and the sensation of its fur, and the virtual spider moved 
accordingly to the toy spider the patient manipulated. During the first month in par-
ticular, the patient reported, during exposure, physical and subjective symptoms 
matching her high anxiety ratings, which were collected once a minute on a ten-point 
scale. Nonetheless, anxiety ratings showed strong evidence of reduction after three 
months of VRET. At the end of the treatment exaggerated emotional reactions were 
no longer reported by the patient when exposed to the mixed reality spider. Self-
reported fear of spider ratings (modified Fear of Spiders Questionnaire [25]) con-
firmed the efficacy of the therapy, and, most important, the patient was able to gener-
alize her new coping skills to the spiders she met outside the laboratory. 

Garcia-Palacios and colleagues [26] conducted the first controlled study testing 
VRET intervention on arachnophobia. Twenty-three spider phobics, mean age 
twenty-nine years, took part in the research, divided into VRET group (N=12) and 
waiting list control group (N=11). VRET group participants underwent a gradual 
exposure standardized protocol in immersive VR. During the sessions, participants 
were immersed in a virtual kitchen (“Spider World” [27], modified from “Kitchen 
World” [28]) and saw a virtual spider through a HMD, with a tracking system meas-
uring their head and hand position, as well as the virtual spider. During the last ses-
sions tactile augmentation was introduced so that participants could touch the spider 
and feel it while their real hand touched a toy spider. Treatment ended when partici-
pants could handle a big virtual spider reporting low anxiety levels. Results showed 
that an average of four, one-hour VRET sessions was significantly more effective 
than the control condition in reducing both objective (Behavioral Avoidance Test) and 
subjective (Fear of spiders questionnaire [25]; anxiety ratings during Behavioral 
Avoidance Test) measures of fear. Besides statistical significance, 83% of participants 
in the treatment condition met also clinical improvement criteria, while participants in 
the control condition did not show any improvement. Coping skills acquired during 
treatment showed a generalization to live spiders: in a post-treatment Behavioral 
Avoidance Test (BAT), participants reported only low to moderate anxiety levels 
when approaching a big tarantula. BAT is a procedure in which a phobic patient un-
dergoes several approaching steps toward a feared object or animal. The patient rates 
his/her subjective anxiety at each step, on a 0 to 100 scale (Subjective Units of Dis-
comfort [29]) and the test ends when anxiety is too intense for the patient to go fur-
ther. It is often used to evaluate patients’ pre- to post- treatment performance, and in 
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this study by Garcia-Palacios and colleagues [26] it showed a clear improvement after 
VR exposure. 

With regard to the effectiveness of the introduction of tactile cues in spider phobia 
VRET, Hoffmann and colleagues [30] compared the outcomes of three groups: 
VRET, VRET with tactile augmentation, and no treatment control condition, includ-
ing both clinically phobic (N=8) and non-phobic students (N=28). The virtual world, 
displayed by HMD, was Spider World [27], described above. The clinically phobic 
patients in the control condition showed no pre- to post-test improvement in any out-
come measure (distance reached from spider and anxiety ratings during BAT; Fear of 
Spiders Questionnaire [25]). Taken together, clinically phobic participants in the two 
VR treatment conditions showed statistically significant changes in the pre- to post-
test outcome measures, reaching fear of spiders scores similar to the mean score of the 
non phobic sample. In addition, despite the fact that it was impossible to perform a 
statistical analysis on the two clinical phobic treatment groups due to the small sample 
dimension, the pattern indicated that VRET plus tactile augmentation led to better 
improvement than the ordinary VRET in avoidance and anxiety BAT measures, but 
not in the Fear of Spiders Questionnaire. 

Studies illustrated so far used mostly subjective measures, such as fear question-
naires and anxiety ratings, to evaluate VRET outcome, with the addition of the BAT as 
the only objective measure. More recent studies collected other objective measures of 
clinical improvement in spider phobia due to VRET. Côté and Bouchard [31], [32] 
introduced two objective measures, along with more classical self reports (Spider Be-
liefs Questionnaire [33]; Fear of Spider Questionnaire [25], Perceived Self- Efficacy 
Towards Spiders Questionnaire [34]) to assess the efficacy of VR in the treatment of 
twenty-eight arachnophobic adults: emotional Stroop Task and cardiac response to 
phobic stimuli. The emotional Stroop Task is a common paradigm often employed to 
assess information processing of threat-related stimuli. Reaction time (RT) to phobic 
and non-phobic stimuli is usually measured pre- and post-treatment. In this nonverbal 
variant, participants stood in front of a pad with four colored buttons. They saw a series 
of color-filtered pictures and were asked to push the matching button as quickly as 
possible for each picture. Eight pictures (four for the blank screens) were shown for 
each category: negative (spiders), positive (rabbits), neutral (cows), and blank screens 
(baseline). During pre- and post-treatment BAT involving approach to a live spider 
Heart Rate (HR) was recorded. Treatment consisted of five gradual exposure sessions 
to virtual spiders in a Virtual Environment (VE) displayed through a HMD. Emotional 
Stroop Task results showed that after-treatment RT for spider pictures was signifi-
cantly reduced compared to pre-treatment. A significant reduction in HR was evident 
between pre- and post-treatment BAT, indicating a decreased anxiety level. So, these 
arousal and cognitive processes objective measures support the efficacy of VRET in 
producing therapeutic change, in addition to results on subjective outcome measures 
highlighted in this and other studies. 

Finally, the same research group [35] probed the efficacy of exposure obtained by 
a modified 3D computer game, as an alternative to more expensive custom VR soft-
ware, to treat eleven spider phobics. Both BAT and self-reported measures (Spider 
Beliefs Questionnaire Arntz [33], perceived self-efficacy Towards Spiders Question-
naire [34]) highlighted an improvement after treatment. 
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2.3   Acrophobia 

The first studies on the efficacy of VRET in the treatment of acrophobia (fear of 
heights) were published in the mid ‘90s. The same authors conducted both a con-
trolled study and a case-report study. In the former [36], [37], acrophobic college 
students were assigned to VRET (N= 10) or to a waiting-list control condition (N= 7). 
Treatment consisted in seven individual sessions of immersion in VEs simulating 
various situations (footbridges, balconies, glass elevator) displayed to participants 
through a HMD. After the treatment, indices of anxiety, avoidance, distress and atti-
tude toward the feared situation (Acrophobia Questionnaire [38]; Attitude Toward 
Height Questionnaire, adapted from [39]; other original instruments constructed for 
the study) were significantly improved in the treatment group, while the measures of 
the control group did not show any change. 

In the latter work, authors documented a case study [40], describing the treatment 
of one of the phobic students, particularly afraid of elevators, who participated to the 
control group in the previous research [37]. In this case the VE only encompassed a 
glass elevator, similar to a real one existing in the town where the participant lived. 
Ascension in the real elevator was used for pre- and post- treatment BAT assessment. 
Treatment consisted in five VRET sessions lasting thirty-five to forty-five minutes. 
Self-reported levels of anxiety and distress, as well as attitude toward heights were 
assessed pre- and post-treatment with the same instruments employed in the previous 
study. Avoidance behavior and self-reported measures of anxiety, distress and nega-
tive attitude toward height showed an improvement after treatment. Moreover, the 
participant reported a generalization of this achievement to real life situations. 

Schümie and colleagues [41] designed three VEs (a roller coaster, a swimming 
pool with diving tower and a glass elevator), which were evaluated by six participants 
suffering from mild to strong acrophobia. Participants’ evaluations indicated the 
swimming pool VE to be most effective; therefore it was employed for a second ex-
periment, together with a VE reproducing a tower building [42]. Aim of the study was 
comparing the effectiveness of two sessions of VRET to two sessions of in-vivo ex-
posure in acrophobia treatment. In the patient group (seven females and three males) 
undergoing both treatments, self-reported measures of anxiety, avoidance and attitude 
toward heights (Acrophobia Questionnaire [38]; Attitude Toward Heights Question-
naire [39]) showed a comparable improvement between VRET and in-vivo exposure 
for the anxiety index, and an even better outcome of VRET in improving avoidance 
index and attitudes toward heights. It has to be taken into account that patients under-
went first VRET and then in-vivo exposure, so probably VRET led to a ceiling effect, 
and further improvement could not be noticed. Emmelkamp and colleagues [43]  
replicated the study with a between group design in which seventeen acrophobic par-
ticipants underwent VRET, and sixteen acrophobic participants underwent in-vivo 
exposure. The VEs were reproductions of the real locations used for the in-vivo expo-
sure: a four-floor mall, a fire escape, and a roof garden at the top of a university build-
ing. The VEs were displayed by a HMD. Results showed that both kinds of exposure 
were effective in improving self-reported measures of anxiety and avoidance (Acro-
phobia Questionnaire [38]; Attitude Toward Heights Questionnaire [39]), as well as 
actual avoidance behavior assessed with pre- and post-treatment BAT. Moreover, the 
six-month follow-up data showed that improvements were maintained after treatment. 
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It is noticeable that, despite the comparable results, VR exposure elicited a slightly 
lower anxiety level than in-vivo exposure. This suggests that VR-based treatment 
leads the patients to overcome their fear experiencing a lower distress degree, thus 
increasing treatment acceptance. 

Coehlo and colleagues [44] tested the persistence of the clinical outcome of VRET 
in ten acrophobics (four men and six women, mean age thirty-nine years) on one year 
follow-up after a three-session VRET. The immersive VE employed for treatment 
consisted in a balcony placed at increasing height. Results showed that improvements 
were partially maintained: while the Attitude Towards Heights Questionnaire [39] and 
BAT scores showed to be still significantly better than pre-test scores, Acrophobia 
Questionnaire [38] did not show any difference, suggesting a lack in generalization to 
new situations. Anyway, as attitudes towards heights improved, it seems that patients 
still had some fear, but had more skills to cope with the situation. As the VR system 
employed in this study recreated a real location, a subsequent study [45] compared the 
outcomes of VR (N=10) and in-vivo (N=5) exposure to the corrisponding environ-
ment after three sessions, using the same measures employed in the previous study. 
Both groups achieved strong improvements after treatment, but VR sessions were 
much shorter than in-vivo, session, suggesting an enhanced effectiveness of VR-based 
treatment.  

To assess if addition of cognitive self-statements can enhance VRET effectiveness, 
Krijn and colleagues [46] compared twenty-six patients randomly assigned to one of 
two experimental conditions: two sessions of VRET, followed or preceded by two 
sessions of VRET plus coping self-statements. An intermediate test was held between 
sessions two and three, a final test was held the week after the last session, and a fol-
low-up test was held six months later. Treatment consisted of three VEs, displayed via 
HMD in a gradual order: a six-floor fire escape, a roof garden, and an eight-floor 
building site. In the two sessions of VRET plus coping self-statements, therapist ex-
plained the rationale of cognitive therapy, examined patient’s anxiety-provoking 
catastrophic cognitions and helped him/her formulate more neutral self-statements. 
Moreover, during VR immersion participants were asked questions about their cogni-
tions and instructed to use the new neutral self-statements. In the VRET-only condi-
tion no cognitive intervention was provided. Results indicated that the treatment was 
effective disregarding the addition of coping self-statements. Thus, exposure was 
confirmed to be an effective component of treatment. Again, the six-month follow-up 
highlighted that improvement was not completely maintained, but difference between 
follow-up scores and pre-test scores still showed Cohen’s d in the substantial range. 

2.4   Fear of Flying 

Particular effort has been put in the study of VEs for treating fear of flying, as this 
particular phobia is difficult to treat in-vivo. It is difficult to be allowed into a station-
ary airplane, and obviously impossible to interrupt the exposure when the plane is 
flying. Not to mention that continuous travels to and from the airport are money and 
time consuming. VR is the perfect mean to overcome these difficulties.  

Hodges and colleagues [47] recreated a virtual Boeing 737 based on the model used 
by a flight company to train assistants, to be displayed to patient by means of HMD. 
Then, they created an immersive world, which could be viewed by the passenger 
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through a window of the aircraft during flight. Variables as sunlight or darkness and 
weather conditions were taken into account, as well as typical sounds of the various 
flight stages. A case study [48] with a clinically phobic forty-two year old female pa-
tient was conducted to evaluate the design of the virtual airplane and its usefulness for 
VRET. Treatment consisted of anxiety management training followed by six VRET 
sessions. The participant’s self-reported fear was reduced after treatment (Questionnaire 
on Attitudes toward Flying, [49];Fear of Flying Inventory [50]). Most important, just 
days after treatment completion she could actually fly with minimal anxiety. Based on 
these and other experiences, Rothbaum and colleagues [51] developed a VRET system 
(“Virtually Better”) meant to be part of a comprehensive treatment package addressed to 
fear of flying. A controlled study [52] on forty-nine patients suffering from fear of fly-
ing compared VRET, in-vivo exposure at the airport and on a stationary airplane, and a 
waiting list control group. Intervention consisted of four sessions of anxiety manage-
ment training followed by four exposure sessions. VRET outcomes measured by de-
creasing scores at standardized questionnaires [49], [50] and by actual plane-boarding 
behavior were statistically identical to in-vivo outcomes, and both were more effective 
than control condition. These achievements were maintained at a one-year follow up 
assessment [53]. In a research published in 2006 [54], the research group extended the 
sample to twenty-five participants per condition: VRET, standard exposure therapy and 
waiting list control group. After eight treatment sessions the two treatments led to com-
parable improvements, and outcomes were maintained at six- and twelve-month follow 
up assessments. 

The work of Baños and colleagues [55] focused on other characteristics of fear of 
flying, such as anticipatory anxiety. The software developed by the authors included 
immersive VEs encompassing three scenarios from planning the trip to being on 
board. Trial with four patients suggested that two psychoeducation sessions followed 
by six sessions of VRET with this software were effective in reducing all measures of 
fear of flying (Fear Record, reported on a ten-point scale; Danger Expectations and 
Flying Anxiety Scales [56]; Fear of Flying Questionnaire [57]) and in promoting 
decision to engage on a real flight. On a subsequent study, Botella, Osma, Garcia-
Palacios, Quero and Baños [58] further tested the efficacy of a VR system encom-
passing anticipatory anxiety scenarios on nine phobic participant undergoing one 
psychoeducation session followed by six VRET sessions. Participants were assessed 
pre-, post- and at one-year follow-up. Results showed improvements on self-report 
measures (Avoidance and Fear Scale, adapted from [59]; Degree of Belief in Catas-
trophic Thoughts [58], Danger Expectations and Flying Anxiety Scales, [56], Fear of 
Flying Questionnaire [57]; Maladjustment Scale [60]) which were maintained at fol-
low-up. As a very important outcome index, all participants were able to board on a 
real flight after treatment. 

Wiederhold and colleagues [61] found clearly different psychophysiological reac-
tions in a phobic compared to a non-phobic participant during a twenty-minute expo-
sure to VR flight. After this assessment, a reduction in the phobic participant’s 
physiological reactivity was obtained with four VRET sessions. This results with 
objective indices support the fact that VR flight simulation can reach enough sense of 
presence to elicit anxiety comparable to the real situation, and then that it is a valid 
substitute of in-vivo exposure. A subsequent experiment [62] on thirty phobics 
(twelve male, eighteen female, mean age forty years) compared three eight-session 
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treatments: Virtual Reality Grades Exposure Therapy (VRGET) with or without 
physiological feedback and systematic desensitization with imaginal exposure. All 
treatments were found comparably effective in reducing self-report measures of fear 
of flying (Questionnaire on Attitudes Toward Flying [63]; The Fear of Flying Inven-
tory [50]; Self-Survey of Stress Responses [64]; State-Trait Anxiety Inventory [65]). 
Nonetheless, VRGET led to better outcomes (being able to actually fly), especially 
when coupled with physiological feedback, compared to systematic desensitization 
with imaginal exposure, at a three-month follow up assessment, suggesting that learn-
ing self-control by means of physiological signals feedback may contribute to con-
solidate treatment outcomes [66]. 

Positive results on the efficacy of VRET in reducing fear of flying in a pre- to post- 
treatment comparison were found also by Klein [67] in a case study and by Wallach 
and Bar-Zvi [68] with four phobics. 

Maltby, Kirsch, Mayers and Allen [69] compared the outcomes of forty-five  
patients (mean age forty-five), randomly divided in a VRET group and a control at-
tention-placebo group. Treatment consisted of five sessions in an immersive VE en-
compassing ten levels from the airport to a complete flight. Although better outcome 
measures (Flight Anxiety Situations Questionnaire and Flight Anxiety Modality 
Questionnaire [70]) were found in the VRET group at post-test, the groups were no 
more significantly different at a six-month follow-up, due to the fact that placebo 
condition unexpectedly produced an improvement as well; probably educational and 
nonspecific factors had somehow an impact on fear of flying. For placebo group, 
anyway, post-treatment anxiety measures were not related to the ability to be actually 
engaged in a real flight, while in the VRET group these measures were significantly 
associated with flying. This differential outcome suggests that VRET participants 
were confident in their ability to fly without excessive fear, while “placebo partici-
pants might have been influenced by other less-specific factors such as loyalty to the 
therapist, intervention, hope, and self-disclosure” (Forsyth and Corazzini [71], as 
cited by Maltby and colleagues [69], p. 1117). 

Mühlberger, Herrmann, Wiedemann, Ellgring and Pauli [72] investigated the out-
comes of one session of VR exposure (N=15) compared to relaxation training (N=15) 
on flight phobics. VE represented the inside of an airplane during flight and was dis-
played by HMD to participants in the VRET group. Subjective reports and physiologi-
cal indices of anxiety assessed with a pre- and post-treatment VR flight test indicated an 
anxiety reduction in both treatment groups, but a greater reduction for VRET group. 
Similarly, both treatment reached improvements at self-report questionnaires, but the 
VRET group showed better outcome measures (General Fear of Flying Questionnaire, 
constructed by Authors; Fear of Flying Scale [73]). A subsequent experiment [74] con-
ducted with similar apparatus and outcome measures proved that even a VRET single 
session lasting 140 minutes was effective in reducing fear of flying, and results were 
maintained over a six-month follow-up period. Patients in the VRET group plus cogni-
tive therapy, disregarding the inclusion of motion and vibration simulation in the VR 
system (N= 13 with motion simulation, N=13 without motion stimulation) showed 
greater reductions in fear of flying than those who only received written information 
about fear of flying (N=10), or information plus one session of cognitive therapy 
(N=11). Consideration that exposure is effective also without motion simulations is 
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important with regard to the common clinical practice because this VR component is 
quite expensive and technically demanding. 

Krijn and colleagues [75] compared the effectiveness of personalized VRET to 
personalized CBT, and to bibliotherapy. Treatment with both four sessions of immer-
sive VRET (N=29) or two to four sessions of CBT (N=16) was more effective than of 
bibliotherapy (N=19), leading to a comparable decrease in the two main measures of 
fear of flying (Flight Anxiety Situations Questionnaire and Flight Anxiety Modality 
Questionnaire [70]). It is noteworthy that, however, VRET showed lower effect sizes 
than CBT, and the latter group profited the most from a subsequent addition of group 
cognitive-behavioral training, showing the largest decrease in subjective anxiety. A 
possible explanation for the unclear efficacy of VRET in the present study is that the 
VEs employed, an airport and an airplane displayed through HMD, were ineffective 
in inducing anxiety in a considerable number of participants. 

In a recent literature review on forty-nine articles containing the keywords “Virtual 
Reality” and “fear of flying / flying phobia / flight phobia”, Da Costa, Sardinha and 
Nardi [76] concluded that VRET has been proved effective in clinical trials disregard-
ing the association with CBT and/or psychoeducation, but more studies are needed to 
clarify the potential differences in these two treatments alone or combined, as the 
studies considered have many methodological discrepancies. 

2.5   Social Phobia 

Social phobia is a widespread mental disorder, with a lifetime prevalence of approxi-
mately 5% [77]. This kind of anxiety disorder can be observed in two forms: specific 
social phobia, when an individual experiences excessive anxiety in a circumscribed 
situation, e.g., public speaking; and a generalized social phobia, occurring when an 
individual feels uncomfortable in a variety of social situations. Traditional therapeutic 
approach of choice is CBT; in particular, treatment should be addressed to the modifi-
cation of anxiety-provoking thoughts and beliefs, the acquisition of social skills, and 
overcoming avoidance by means of graded exposure to social situations. 

Roy and colleagues [78] proposed a clinical protocol to assess the efficiency of 
VRET compared to CBT for social phobic patients. Four situations considered very 
distressing by social phobics were reproduced in desktop, non-immersive VR: expo-
sure to public performance, intimacy, scrutiny and assertiveness. In twelve sessions, 
four patients learnt to employ appropriate cognitions and behaviors when coping with 
simulated social situations, with the goal to reduce their anxiety in similar real life 
situations. Results suggested that VRET was able to produce a reduction in social 
anxiety and avoidance behavior in the real world, according to questionnaires (Lie-
bowitz Social Anxiety Scale [79]; Hospital Anxiety Depression Scale [80]; Beck 
Depression Inventory [81]; Rathus Assertiveness Schedule [82]), verbal reports, and 
clinical observations. These outcomes were comparable to results obtained by a six-
participant Cognitive Behavioural Group Therapy (CBGT), implying in-vivo expo-
sure. In a subsequent work, conducted with similar equipment, Klinger and colleagues 
[83] expanded the sample to eighteen participants in VRET condition and eighteen 
participants in CBGT condition, and the results showed again a comparable effective-
ness of the two treatments in reducing the measures of social phobia and in improving 
social and global functioning. 



 Virtual Reality as a Tool for Cognitive Behavioral Therapy: A Review 73 

Horley and colleagues [84] suggested that the avoidance of salient facial features is 
an important marker of social phobia. Starting from this statement, Grillon, Riquier, 
Herbelin and Thalmann [85] published a study on eight social phobics, with the aim 
to evaluate the efficiency of eight sessions of treatment comprising immersion in VR. 
The VEs employed depicted eight social situations, increasing in anxiety degree, 
displayed through HMD. Beside common self report questionnaires (Fear Question-
naire, [59]; Liebowitz Social Anxiety Questionnaire [86]; Social Interaction Self-
Statement Test [87], Beck Depression Inventory [88]) eye gaze measurement was 
introduced as a change index. Effectiveness of treatment was supported by both ques-
tionnaires and eye gaze results, as a decrease in eye contact avoidance was observed 
after exposure sessions. 

Fear regarding public speaking represents an important aspect of social phobia, be-
cause its occurrence is far from being rare, and is difficult to avoid. At school or at 
work, soon or later almost everyone has to face an audience, and this experience is so 
distressing also for non-phobic individuals, that public speaking is commonly used as 
a stress test (Speech test) to elicit psychophysiological activation, for example in 
hypertensives [89]. 

North, North and Coble [90] compared a small group (N=6) of students suffering 
from fear of public speaking undergoing a five-session VRET to a group of phobics in 
a control no-treatment condition (N=8). The immersive VE used in this study was an 
auditorium in which the participant had to deliver a speech in front of an audience 
which could show a variety of reactions. Results indicated that VRET proved effec-
tive in reducing anxiety symptoms, as assessed by self-report measures (modified 
Attitude Towards Public Speaking Questionnaire [39]; modified Subjective Units of 
Disturbance [29]), and in improving the ability to be engaged in a public speech in the 
real world with reduced discomfort. This study also comprised a psychophysiological 
index (heart rate) recorded during exposure, highlighting a physiological activation 
which can be considered similar to that occurring in real life when facing an audience. 
This data, as other by Harris, Kemmerling and North [91], suggests that VR is effec-
tive in eliciting the same discomfort as a real life public speaking situation, and that a 
therapy based on VR leads to a reduction of this discomfort. 

Anderson, Rothbaum and Hodges [92] published the results of two case studies, 
one regarding a therapy encompassing four sessions of exposure to immersive VR 
representing an audience, and one regarding a three-day intensive course of therapy 
encompassing five sessions in the same VE. Results provided further evidence sup-
porting the employment of VR in social anxiety treatment, as it led to improvements 
on self-report measures (Personal Report of Confidence as a Speaker [93]; Personal 
Report of Communication Apprehension [94]; Self-Statements During Public Speak-
ing [95]), reaching levels comparable to public speaking fears reported in the non-
phobic population. Moreover, both participants after treatment were able to give a 
public speech reporting modest anxiety levels. Based on these results, the same re-
search group [96] carried out a clinical trial with ten patients (eight female, two male) 
suffering from social phobia; they underwent four sessions of anxiety management 
followed by four sessions of immersive VRET. Results were mixed, as after treatment 
patients reported diminished anxiety (Personal Report of Confidence as a Speaker 
[93]; Self-Statements during Public Speaking [95]; Personal Report of Communica-
tion Apprehension [94]) but they did not show an increased ability to perform a public 
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speech compared to pre-treatment. This mixed result could be due to the presence 
among the sample of patients diagnosed with panic disorder.  

In a recent work Wallach, Safir and Bar-Zvi [97], compared individuals suffering 
from public speaking anxiety undergoing three treatment conditions: VR CBT 
(N=28), traditional CBT (N=30), and a waiting list (N=30). Treatment consisted in 
twelve sessions, eight of which encompassed exposure. VR CBT group received ex-
posure to an immersive VE representing an audience in various attitudes, CBT group 
received imaginal exposure. Results showed that both active treatments were more 
effective than the waiting list condition in reducing self-reported measures of anxiety 
(Liebowitz Social Anxiety scale [98]; Self-statements during public speaking, [95]) as 
well as in improving behavioral test performance self-rating, but, despite no differ-
ence between treatments were found in the outcomes, the number of participants who 
dropped out from traditional therapy was twice as much as the number of participants 
dropped out from VR CBT. This result indicates that VR treatment could be more 
accepted than traditional (in this case, imaginal) treatment. 

Finally, some studies have focused, instead of treatment efficacy, on VE design. 
For example, Lee and colleagues [99] proposed an immersive VE to be used in treat-
ment of public speaking, alternative to diffused model-based ones. Their VE was 
designed using simultaneously image-based rendering and chroma keying, in order to 
make the environment more realistic and to control individually the virtual audience 
members. Pertaub, Slater and Barker [100] varied the type of audience (with neutral, 
positive or negative attitude), and the immersion degree of the speaker (HMD or 
desktop VR presentation) and observed that, as it is easy to imagine, a negative audi-
ence response elicited greater anxiety in a sample taken from the general population. 
Besides, the effect of the HMD greater immersion condition on self-report measures 
of confidence (modified Personal Report of Confidence as a Speaker [93]) was not 
generalized, but was higher for women than for men, maybe due to the fact that men 
are more likely to play computer games and then are more accustomed to VR. The 
same research group [101] compared phobics (N=16) and confident speakers (N=20) 
in giving a speech in front of a virtual empty room or in front of a virtual public with 
a neutral attitude, both displayed through HMD. Phobics speaking to the virtual audi-
ence showed significantly higher self-report (Modified Personal Report of Confidence 
as a Public Speaker [93]) and physiological measures of anxiety compared to phobics 
speaking to the empty room. Confident speakers did not show any difference between 
conditions, indicating a specific effect of the audience only in phobic individuals. It is 
noteworthy that this result with phobics was reached even if the virtual audience had a 
relatively low degree of representational fidelity, but it was clearly enough to elicit a 
strong sense of presence in these participants. 

2.6   Panic and Agoraphobia 

According to the Diagnostic and Statistic Manual IV [102], the essential characteristic 
of panic disorder is the occurrence of panic attacks, consisting in repeated sudden 
episodes during which an individual experiences intense fear or discomfort associated 
with physical and cognitive symptoms. This condition is often associated with phobic 
disorders, in particular with agoraphobia, which, in more serious cases, can lead to a 
substantial decrease in the patient’s autonomy and quality of life. 
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Traditional CBT treatment for panic disorder with agoraphobia includes various in-
terventions among which exposure to the feared situation holds an important role. 
Vincelli and colleagues [103], [104], [105] proposed a new treatment protocol for 
patients suffering from this disorder, the Experiential Cognitive Therapy (ECT), en-
compassing VR exposure. During the eight-session treatment, patients have to interact 
with four immersive virtual scenarios (an elevator, a supermarket, a subway, and a 
large square, see [105] for description of the protocol). To assess efficacy of this 
therapeutic protocol, a controlled clinical trial [105] was carried out with three 
groups, of six patients each: ECT, CBT and waiting list. Both active treatments led to 
comparable results in reducing the number of panic attacks and levels of depression 
and anxiety (Beck Depression Inventory [88]; State-Trait Anxiety Inventory [106]; 
Fear Questionnaire [59]). Yet, ECT needed 33% less sessions than CBT to achieve 
these results, suggesting an enhanced efficiency of this approach. 

Botella and colleagues [107] tried to overcome common limitations of VEs de-
signed VRET, such as limited flexibility. So, they proposed a software taking into 
account the main features of panic disorder with agoraphobia, such as avoidance, and 
important anxiety modulators related to interaction with people and trip duration, in 
order to be flexible and adaptable to different patients. To test the efficacy of this 
system, first a case study [108] and then a controlled study [109] were carried out. 
Treatment consisted in a multi-component cognitive-behavioral intervention, com-
prising six sessions in immersive VR reproducing several panic and agoraphobia-
relevant scenarios. In the case study, on a twenty-six year old woman, a reduction in 
fear, avoidance, and catastrophic thoughts have been observed after treatment, and 
achievements were maintained at one year follow-up. Then, thirty-seven patients 
(aged eighteen to seventy-two, 70% female) suffering from panic disorder and agora-
phobia were involved in a controlled study, subdivided into VRET group, in-vivo 
exposure group and waiting-list group. Interventions including VRET and in-vivo 
exposure led to similar significant improvements in measures of panic and agorapho-
bia (Panic Disorder Severity Scale [110]; Anxiety Sensitivity Index [111]; Adapted 
Fear and Avoidance Scales and Agoraphobia Subscale of the Fear Questionnaire [59]; 
Beck Depression Inventory [88]; Maladjustment Scale [60]; Clinician Global Impres-
sion, adapted from [112]) compared to waiting list condition; moreover, the im-
provements were maintained at twelve-month follow-up. 

In a more recent work, Peñate, Pitti, Bethencourt, de la Fuente and Gracia [113] fo-
cused on treatment of agoraphobia, comparing VRET combined with CBT (N=15), with 
traditional CBT comprising in-vivo exposure (N=13). Both treatments comprised eleven 
sessions, eight of which encompassing exposure. For traditional CBT group all expo-
sure sessions were in-vivo, while for VRET group half exposures were in-vivo and half 
in VR. Results proved the efficacy of both procedures, and the maintenance of im-
provements at three-month follow-up assessment. In particular, VRET showed a similar 
or better outcome that CBT in all measures (Agoraphobic Cognitions Questionnaire and 
Body Sensations Questionnaire [114]; Beck Depression Inventory II [115]; Beck anxi-
ety Inventory [116]) except for general agoraphobia scores [117], where CBT led to 
better results, probably due to observed differences between groups at pre-test, although 
not statistically significant. Finally, subsequent investigation on a combination of 
VRET, CBT and two psychoactive drugs [118], led to results indicating that all drug 
treatments and psychological treatments caused significant improvement, but VRET 
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showed better results compared to traditional CBT especially when chronic patients 
were considered. Moreover, drop-outs number in the CBT group was higher than in 
VRET group, indicating a better acceptance of the latter treatment. 

2.7   Advantages of Virtual Reality Exposure Therapy vs. Other Exposure 

Treatments for Phobias 

Many of the studies presented above compared outcomes achieved by VRET and by 
in-vivo exposure, highlighting a substantially similar effectiveness of the two tech-
niques. This section is dedicated to the studies specifically addressing the advantages 
of adopting the VRET technique instead of the traditional in-vivo exposure, going 
beyond the effectiveness criterion, and than taking into account other aspects such as 
patients’ acceptance, safety, or comfort. 

Garcia-Palacios, Hoffman, Kwong See, Tsai, & Botella [119] focused on the greater 
likelihood for spider phobics to accept VR exposure compared to in-vivo. In the first of 
the experiments described, they asked eighty-seven students with fear of spiders their 
preference between in-vivo and virtual exposure therapy, and participants resulted 
significantly more motivated to engage in a treatment involving VR rather than in-vivo 
exposure. Taking into account percentage of participants who reported a refusal to 
undergo treatment, 17.4% would definitely not get involved in the in-vivo exposure 
treatment, but only 4.6% reported a refusal to get involved in VRET. On the other 
hand, 31% reported a definite willingness to undergo VRET, but only 7% reported the 
same for in-vivo exposure. Eighty-one percent of the participants chose VRET when 
forced to choose between treatments, thus showing a statistically significant preference 
for VR therapy. In a second experiment, authors investigated students’ preferences 
regarding one three-hour in-vivo single session treatment or three one-hour VR ses-
sions. Despite the high success rate shown in literature, Ost [120] estimated that 90% 
of patients would have refused the accelerated one-session therapy if told in advance 
they were going to let live spiders crawl on their arm. In this study, seventy-five par-
ticipants with high fear of spiders reported again a significantly greater preference 
toward VRET program, compared to an in-vivo exposure treatment. Thirty-four point 
seven percent of the participants reported a refuse to be involved in the accelerated, 
single session in-vivo exposure treatment, while only 8% definitely refused VRET. On 
the other hand, 27% of participants reported a definite willingness to undergo VR ex-
posure treatment, but only 10.7% reported the same for the in-vivo exposure. Forced to 
choose between the techniques, 89.2% of participants chose VRET and 10.8% chose 
in-vivo exposure treatment, showing a statistically significant difference between these 
proportions. 

Given that VR and in-vivo exposure lead to comparable therapeutic results, it is 
useful to point out the peculiar advantages of choosing VR instead of an in-vivo in-
tervention. Wiederhold and Wiederhold [121] summarized advantages of VRGET 
compared to in-vivo exposure as follows: “The advantages of VRGET compared to in 
vivo exposure include: 

 

- There is no loss of patient confidentiality since the treatment sessions can be per-
formed in the therapist's office; 
- There are no safety issues because the VRGET can be terminated and the VR system 
turned off any time the patient requests; 
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- There is more flexibility in the session. If a patient is only frightened of one aspect 
of exposure, then this can be practiced over and over in the virtual world. In the real 
world, a patient may feel conspicuous repeatedly completing the same behavior; 
- The experience is just unreal enough that many patients who have resisted therapy 
due to in-vivo approaches are willing to try treatment; and 
- There is less time involved. Because the treatment can be conducted more easily 
within the "therapeutic hour", it will be more cost effective” (Ibid.p. 5). 

 

Finally, in a recent meta-analysis of studies on specific phobia treatment, Wolitzky-
Taylor, Horowitz, Powers and Telch [122] found that in-vivo exposure seems to be 
more effective than alternative modes of exposure, such as VR exposure, immediately 
after treatment, but this advantage is often no longer present at follow-up. So, in-vivo 
may lead to a more rapid improvement, but patients receiving alternative forms of 
exposure continue to improve after treatment. Then, if VR exposure and in-vivo ex-
posure allow to obtain the same results in the long term, therapists and patients can 
choose to adopt the solution that requires least money, time and effort to them both. 

3   Other Employments of Virtual Reality Exposure Therapy  

3.1   Post-Traumatic Stress Disorder  

In addition to phobia treatment described in previous sections, VRET has been widely 
employed to treat a very peculiar anxiety disorder, Post-Traumatic Stress Disorder 
(PTSD). 

PTSD is a serious psychological condition, often associated with significant mor-
bidity, disability and life functions deterioration, which can occur after exposure to a 
traumatic event [123]. CBT techniques employed in PTSD treatment comprise: psy-
choeducation, stress management skills training, cognitive therapy and, fundamen-
tally, exposure therapy [124]. For obvious reasons, it is difficult to expose PTSD 
patients to a traumatic situation in-vivo, so until VRET introduction, exposure has 
been mainly imaginal. 

Wiederhold and Wiederhold published in 2008 [125] an exhaustive review of lit-
erature on VR employment in the treatment of PTSD and in Stress Inoculation Train-
ing. Here we briefly glance through the works appeared in the last years to describe 
the employment of this technique on various populations of patients suffering from 
PTSD. 

There are populations at great risk of experiencing traumatic events and develop 
PTSD, such as civilians living in war theatre and military personnel. Many combat-
related experiences can be outside the range of what is considered normal human 
experience, and then can lead to PTSD, such as witnessing the death of a companion, 
being attacked and/or wounded, witnessing the death or wounding of civilians. Inter-
estingly, PTSD seems to be more severe and resistant when the critical event is 
caused by human intervention, such as warfare [126]. In recent years, many govern-
ments put great effort in coping with this kind of war consequences. 

VRET emerged a few years ago as a new exposure therapy medium for veterans 
suffering from PTSD. Rothbaum and colleagues [127] were the first to report a case 
study on a former Vietnam war helicopter pilot suffering from PTSD. The patient was 
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immersed in two VEs, a virtual jungle clearing and a virtual helicopter, both including 
combat sounds, during fourteen treatment sessions. The results were encouraging, 
indicating that PTSD scores and other relevant measures taken into account (Clini-
cian-administered PTSD Scale [128]; Impact of Events Scale [129]; Beck Depression 
Inventory [88]; State-Trait Anger Expression Inventory, [130]) decreased following 
treatment, even if exposure alone was not resolving, as these patients need a compre-
hensive treatment in which exposure is one of the components. In a subsequent study, 
these two VEs were employed in eight to sixteen sessions to treat a group of ten Viet-
nam war veterans [131]. VRET led to significant reduction in PTSD symptoms and 
other relevant measures (Clinician-administered PTSD Scale [128]; Impact of Events 
Scale [129]; Beck Depression Inventory [88]) after treatment and, consistently with 
other findings on exposure treatment, several measures continued to improve after the 
end of the treatment as assessed at three and six-month follow-up. In another case 
study [132], the patient reported a post-treatment reduction of PTSD symptoms, again 
maintained at three and six-month follow-up. Finally, Ready, Pollack, Rothbaum and 
Alarcon [133], carried out a study on twenty-one Vietnam veterans suffering from 
PTSD. Despite the fact that two patients experienced a transitory worsening of symp-
toms during treatment, after VRET all patients showed a decrease in PTSD symptoms 
severity, and results were maintained at three and six-month follow-up. 

Several VRET protocols have been designed in recent years to address treatment of 
war veterans suffering from PTSD, taking care of the differences in time, place, cli-
mate, etc. of each war theatre. Gamito, Pacheco, Ribeiro, Pablo and Saraiva [134] 
proposed an immersive VR system to treat veterans from ex Portuguese colonial wars 
in Africa comprising four scenarios: mine deflagration, ambush, a combination of the 
two, facing companion’s death and/or injury and waiting for casualties evacuation. In 
a pre-trial case study [135], the patient showed a decrease in physiological activation 
from the first to the seventh session, but it was not possible to assess PTSD symptoms 
after treatment due to patient’s drop out. In the recently published preliminary results 
of a controlled study [136], the four patients did not show significant improvements at 
mid-treatment, even if descriptive analysis suggests a reduction is symptomatology 
(Impact of Events Scale [129]; Symptom Check-List 90 [137]). 

Recently, attention has been drawn by the increasing number of military personnel 
returning from current war theatres (i.e. Iraq and Afghanistan) suffering from combat-
related PTSD. Reger and Gahm [138] published a case study on a thirty-year old 
infantryman, suffering from PTSD, who underwent six sessions of VRET. The im-
mersive VE employed was a convoy scenario in which events like explosions, fire-
arm shots, etc were guided by the therapist. After treatment the patient reported  
important improvements at both outcome measures (PTSD Checklist–Military Ver-
sion [139]; Behavior and Symptom Identification Scale-24 [140]), and subjective 
reports of improvements in several aspects of his life. The VE employed in this study, 
together with an middle-east urban VE, were evaluated by ninety-three PTSD-free 
soldiers returning from Iraq. Eighty-six percent of participants rated convoy VE real-
ism adequate to excellent, and 82% of participants rated the urban VE the same [141]. 

Rizzo and colleagues developed an application, Virtual Iraq, consisting of various 
virtual scenarios designed to provide PTSD-relevant cues, with additional auditory, 
vibrotactile and olfactory stimulation, to be delivered through HMD. Results from 
case studies [142], [143], [144] were encouraging, and results from a clinical trial 
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[145], [146] showed that 80% of patients who completed the ten-session VRET 
treatment experienced significant reductions in PTSD, anxiety and depression symp-
toms (PTSD Checklist-Military Version [147]; Beck Anxiety Inventory [148]; Patient 
Health Questionnaire-Depression [149]), maintained after three months. Patients also 
reported perceived improvements in their everyday life. Moreover, a preliminary 
controlled trial [146] indicated that both VRET group (N=13) and CBT group (N=7) 
reached a decrease in symptoms, but 62% of VRET participants reached clinically 
significant amelioration, while only 28% of CBT participants did so. Authors also 
report a current work on a Virtual Afghanistan scenario with a consistent mountainous 
scenery and building architecture, addressing military personnel returning from Af-
ghanistan war theatre. 

Besides military personnel, another population prone to develop PTSD is civilian 
population suffering terrorist attacks, as in 9/11/2001 attack to the World Trade Cen-
ter in New York.  

Difede and Hoffman [150] treated a twenty-six year old survivor of this attack who 
developed acute PTSD. They designed an immersive VR scenario reproducing the 
main features of the attack, to be shown to the patient in a graded exposure VRET. 
Six sessions were successful in reducing acute PTSD symptoms (Beck Depression 
Inventory [88]; Post-traumatic Diagnostic Scale [151]). After treatment the patient 
was able to remember with greater detail the critical event, without experiencing the 
same degree of terror or other symptoms. In a subsequent controlled study on World 
Trade Center attack survivors [152], [153], conducted with similar equipment, VRET 
group (N=13) showed significantly greater post-treatment decrease in PTSD symp-
toms (Clinician-administered PTSD Scale [128]) compared to the waiting list control 
group (N=8). 

Josman and colleagues [154] developed a VE to treat civil Israel population who 
survived terrorist suicide bombing attacks on buses, called Bus World. The immersive 
VR system comprises four levels of increasing seriousness, from simply standing on 
the sidewalk to assisting to a bus bombing with people screaming and crying, and 
police sirens. This VR system has been tested with thirty healthy volunteers [155]. 
Results showed that, as the level of VR exposure increased, participants showed par-
allel distress increments, as assessed by Subjective Units of Discomfort [29]; this 
suggests that BusWorld may prove to be a valuable medium to provide graded expo-
sure for bus bombings survivors. 

Motorvehicle accident (MVA) survivors often incur in PTSD. Given the substantial 
number of individuals who are involved in an MVA each year, several hundred thou-
sand individuals a year are subject to develop PTSD.  

Several studies assessed the efficacy of VRET in reducing PTSD symptoms related 
to MVA [156], [157]. Walshe, Lewis, O’Sullivan and Kim [158] tested the efficacy of 
a driving simulation protocol in eliciting a satisfactory degree of sense of presence in 
eleven participants suffering from fear of driving following MVA, seven of which 
suffering from PTSD, in order to allow the treatment to take place. The simulation 
comprised the reproduction of a car front seat with wheel and pedals, and a large 
screen on which the driving environments were projected. Ten out of eleven partici-
pants gave a subjective (verbal report and Subjective Unit of Discomfort) and/or 
physiological report of feeling the simulation to be “real”. 
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More recently, Beck, Palyo, Winer, Schwagle and Ang [159] designed a VR system 
addressed to MVA-related PTSD sufferers. Their VE consisted of several adaptable and 
customizable driving scenarios where the therapist could manipulate variables such as 
the amount of traffic, time of day, weather conditions and particular events such as 
tailgating. The scenarios were displayed on a large screen and viewed with stereoscopic 
glasses for a three-dimensional perception. Results from six patients undergoing ten 
VRET sessions indicated significant PTSD symptoms decrease in re-experiencing, 
avoidance, and emotional numbing (Clinician Administered PTSD Scale [128]), even if 
measures of anxiety and depression (Beck Depression Inventory [115]; Beck Anxiety 
Inventory [148]) did not show significant improvements. 

Saraiva and colleagues [160] designed a VE to be projected on a large screen, con-
sisting of a four-lane highway in which traffic intensity, field of view and sound cues 
could be manipulated by therapist. In the case study reported [160], [161], [162], 
patient’s anxiety and depression scores (Hospital Anxiety and Depression Scale [80]) 
decreased from pre- to post-treatment assessment, after twelve VRET sessions, and 
the same pattern was observed for PTSD-related symptoms (Impact of Events Scale 
[129]), even if the patient remained in the severe PTSD range. Moreover, decreased 
physiological activation from first to last treatment session was observed, and the 
patient nonverbal behavior showed clear reduction in agitation and rejection behavior 
as the sessions progressed. Most important, after treatment the patient was able to 
drive again. 

In general, employment of VR in the treatment of PTSD is relatively new, and, al-
though promising, further investigation is needed to assess how it can be used to reach 
the maximum effectiveness. It has to be taken into account, however, that PTSD 
needs a complex treatment, in which exposure is one of the components. This obser-
vation accounts for the partial improvement obtained in studies mainly focused on 
exposure. 

3.2   Stress Inoculation Training 

Stress Inoculation Training (SIT) is an intervention aiming at preventing the impair-
ing effects of possible psychological stressors in healthy individuals, and thus avoid-
ing the aftermaths of excessive stress exposure, such as eventual development of 
PTSD. This cognitive-behavioral preventive approach has been employed with sev-
eral populations particularly prone to experience stressful events, such as military 
population. SIT goal is to enhance and empower an individual’s repertoire of coping 
skills, in order to provide a sort of “immunization” from negative reaction to stress 
[163]. This technique is based on the assumption that gradual and repeated stress 
exposure is able to desensitize individuals to stimuli that may impact on performance 
and lead to psychological trauma [164]. So, during SIT, first the individual learns a 
new coping skill, and then needs to practice it; VR is a suitable tool for practice, as it 
is possible to manipulate the stressors in a given scenario until the individual habitu-
ates to them [165]. 

Tarnanas and Manos [166] trained fifty children to a procedure for evacuating school 
in case of emergency, by means of VR-SIT. For half of the sample the VE was popu-
lated by unfamiliar avatars, and for the other half by avatars resembling classmates. 
Results showed that familiar avatars were more effective for children in eliciting coping 
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skills. The same authors [167] trained a larger group of children (N=209), some of 
which had already witnessed an earthquake, to coping skills to be employed during an 
earthquake, in an immersive VE representing a classroom with unfamiliar or familiar 
avatars. Results showed that training was effective in enhancing children’s skills as 
assessed pre- and post-training with an ad hoc questionnaire. In particular, employment 
of familiar avatars produced better results than unfamiliar ones. 

Tichon, Wallis and Mildred [168] tested the degree of sense of presence felt by 
twelve train drivers in a train-driving simulator designed for SIT to critical situations. 
Self-reported measures of presence (Presence Questionnaire [169]; Igroup Presence 
Questionnaire [170]) were collected covering several aspects of the VE concurring in 
determining sense of presence. Results were overall positive, but they also highlighted 
some features of the environment (e.g. color, brightness, sound, lack of physical feed-
back) that can be improved envisioning a future SIT protocol using this simulator. 

Stetz and colleagues [165] conducted a study on twenty-five participants to evalu-
ate the role of VR-SIT in battlefield medical training for soldiers. Participants under-
went either VR sessions, coping training sessions, or a combination of both. When 
immersed in VR, participants could act in immersive virtual Iraqi or Afghan combat 
scenarios performing several tasks. Preliminary results indicated that participants who 
only were immersed in VR experienced a higher level of post-training anxiety and 
dysphoria (Multiple Affect Adjective Check List-Revised [171]) compared to the 
other conditions, while those receiving coping training in VR showed lower stress 
level, even though exposed to the same VE. Subsequent study completion [172] saw 
sixty-three participants from combat medical class undergoing the study protocol. Part 
of the sample had been previously deployed in the field and part not. Results sup-
ported the usefulness of VR-SIT in military personnel training. VR-only group 
showed higher hostility levels compared to the other groups and VR plus coping train-
ing group showed higher sensation-seeking levels compared to the other groups.  
Participants who had been previously deployed in the field showed higher levels of 
anxiety and dysphoria compared to those who had not been deployed, both in the  
VR-only and in the coping training-only condition, while in the VR plus coping train-
ing condition dysphoria was lower for those who had been previously deployed. Thus, 
VR-SIT combined with coping training could be particularly useful for military per-
sonnel who had already experienced combat. 

4   Other Virtual Reality-Based Exposure Techniques 

4.1   Virtual Reality Cue Exposure Treatment for Substance Abuse  

Cue exposure is a treatment in which a substance (drug, alcohol, nicotine, etc.) addict 
is repeatedly exposed to substance-related stimuli (cues) associated with his/her ad-
dictive behavior. Reaction (subjective, physiological, and behavioral) to these cues is 
generally considered a conditioned response, influencing the likelihood of substance 
self-administration. Repeated exposure to these cues not followed by substance-
administration should promote the extinction of the conditioned response, thus remov-
ing the primary motivation to continue using drugs, and lowering relapse probability 
[173], [174], [175]. 
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Recently VR has been employed to provide safe Cue Exposure Therapy (VR CET) 
to people suffering from various forms of addiction.  

Several studies addressed the effectiveness of immersive VEs in eliciting substance 
craving in addicted people. 

Kuntze and colleagues [176] explored the application of VR CET to heroin addiction. 
They designed an immersive VR bar to present objects related to heroin injection, such 
as heroin powder, swab, syringe, needle, and used material with and without blood. 
Results of this pilot study indicated that VR was effective in eliciting physiological 
activation and subjective craving symptoms in five heroin addicts. 

Saladin, Brady, Graap, and Rothbaum [177] developed an immersive virtual “crack 
house” with crack cocaine related cues, and evaluated its effectiveness in inducing 
substance craving in eleven crack cocaine addicts. Both subjective ratings of craving 
on a 0 to 100 scale and physiological measurements suggested a more intense sub-
stance craving after “crack house” VR immersion than after immersion in a neutral 
VE. 

Lee and colleagues [178] designed a VE to induce desire for nicotine, based on 
sixty-four smokers’ responses to a nicotine-craving questionnaire. The VE consisted 
of a virtual bar constituting the craving environment, craving objects (alcoholic drink, 
pack of cigarettes, lighter, ashtray, glass of beer) and smoking avatars displayed to 
participants through an HMD. Twenty-two smokers took part to the research. Results 
indicated that this VR system achieved better results at eliciting nicotine craving, as 
measured by a 0 to 100 visual-analog scale, than photographs (classical exposure 
technique). 

Several studies [179], [180], [181], [182], [183], [184] compared VR exposure to 
smoke-relevant cues and to neutral cues, all coming to the conclusion that subjective 
craving for nicotine was greater after smoke-relevant than neutral cues, thus indicat-
ing VR as a reliable medium for CET delivery. 

More recent studies focused on the treatment efficacy of VR-based CET. Moon 
and Lee [185], checked if six sessions of VR CET were able to decrease nicotine 
craving in eight smokers. The same VE developed for a previous study [178] was 
employed. Eight late adolescent smokers took part in the research. Besides self-report 
measures of craving, functional magnetic resonance imaging (fMRI) was employed to 
assess any modification in craving-related brain region activation following six ses-
sions of VR CET. After treatment, cerebral responses to smoking cues were modified 
probably as a consequence of reduction in the urge to smoke, despite a lack of modi-
fication in self-reported craving. 

Another recent study [186], assessed ninety-one smokers assigned to a VR CET in 
which they had to either crush a virtual cigarette or grasp a virtual ball (control condi-
tion) in an immersive VE. Four sessions of virtual cigarettes crushing led to a signifi-
cantly better improvement in addiction, as measured by Fagerström test for nicotine 
dependence revised [187], and better abstinence and drop-out rates, compared to con-
trol condition. 

CET has been widely used to treat alcohol addiction, so, to explore the possible 
application of VR, Cho and colleagues [188] developed four VEs to assess alcohol 
craving in different situations: with/without alcohol available and with/without social 
pressure to engage in drinking behavior. Results on ten healthy participants indicated 
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that VR was able to induce alcohol craving, and that for this purpose, social pressure 
was more important than alcohol availability. 

Bordnick and colleagues [189] designed an immersive VR system constituted of 
six environments varying in alcohol cues presence and social interaction, encompass-
ing also olfactory cues. Alcohol-related cues presented in this VR system proved 
effective in eliciting significant increases of subjective alcohol craving compared to 
neutral cues in non-treatment-seeking drinkers (N=40). 

A study on alcohol addiction treatment [190], [191] assessed the effect of eight VR 
CET sessions in eight drinkers. Cues able to elicit alcohol craving were selected with a 
preliminary survey. Glass, bottle, food, and a bar resulted as the most drinking behavior-
inducing stimuli. Using these materials, authors created a virtual Japanese-style pub and 
a virtual western bar to be projected on a wide screen. Results highlighted a reduction in 
self-reported cue-elicited craving at the post-treatment assessment. 

Finally, Lee and colleagues [192] compared twenty alcohol addicts exposed to ten 
sessions of VR CET with eighteen addicts undergoing ten sessions of CBT and fifteen 
healthy participants undergoing VR CET. VR CET was more effective than CBT in 
decreasing alcohol craving in patients, as assessed with a ten-point visual-analog scale. 
Moreover, while patients undergoing CBT showed no electroencephalographic change 
after treatment, VR CET patients reported an increase in frontal alpha activity, suggest-
ing a decrease in arousal. As this effect was not evident after the first five sessions, it 
seems that a certain number of sessions are needed to produce the desired change in 
these patients. In addition, the increase in alcohol craving elicited by cues in VR CET 
was higher in patients with alcohol dependence than in healthy people, thus indicating 
that this tool is able to discriminate between high and low-risk individuals. 

4.2   Virtual Reality in Eating Disorders Treatment 

In recent years, VR has been employed in the treatment of different kinds of eating 
disorder. Riva, Bacchetta, Baruffi, Rinaldi and Molinari [193] treated a twenty-two 
year old woman suffering from anorexia nervosa by means of Experiential-Cognitive 
Therapy (ECT), a relatively short-term approach, based on individual discovery (see 
[194]). Within this approach, a VE for Body Image Modification was deployed. It 
was composed by different zones, displayed through HMD and employed in different 
sessions. The first session assessed abnormal eating behavior. The next four sessions 
allowed assessment and consequent modification of anxiety symptoms related to food 
exposure and of patient’s body experience. Patient’s level of dissatisfaction was re-
duced as a consequence of modification in her bodily representation; reduction in the 
avoidance behaviors and in grooming associated with her negative body image was 
also reported. Moreover, at the end of the treatment, the patient appeared very moti-
vated to continue individual psychotherapy and to apply the acquired skills.  

Preliminary clinical trial results [195] on a group of fifty-seven female patients suf-
fering from obesity, binge eating disorder, and eating disorders not otherwise specified 
showed that employment of VE for Body Image Modification led to an improvement in 
patients’ body satisfaction. 

An upgraded system, Virtual Reality for Eating Disorders Modification [196] was 
employed to support an in-patient weight-reduction program in obesity. The immer-
sive VE was composed by seven zones, called “3D Healing Experiences”. Similar to 
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the previous version, the first zone was employed to assess abnormal eating behavior, 
and the following to assess and modify anxiety symptoms related to food exposure 
and patient’s body experience. This treatment proved more effective, in a group of 
obese women (N=14), than the traditional low-calorie diet plus cognitive-behavioral 
nutritional groups (N=14), in improving patients’ psychological state and reducing 
dysfunctional eating behavior (Body Satisfaction Scale [197]; Dieter’s Inventory of 
Eating Temptations [198]; State-Trait Anxiety Inventory [65]; Assertion Inventory 
[199]; Weight Efficacy Life-Style Questionnaire [200]). Moreover, an improvement 
in self-efficacy and an increased motivation for change was observed after treatment. 

In a subsequent study [201] obese patients were divided in ECT group (N=57), 
CBT group (N=54), nutritional group (N=52) and waiting list (N=53). Irrespective of 
the approach (ECT, CBT or nutritional group), patients undergoing intensive treat-
ment showed a significant weight decrease and psychological state improvement 
(same self-reported measures as in the previous study were employed, plus Body 
Image Avoidance Questionnaire [202] and Contour Drawing Rating Scale [203]). 
Even if group effect for weight loss was not significant at six-month follow-up, only 
the nutritional group showed higher weight at follow-up than at post-treatment, while 
the ECT group was the best at losing and maintaining weight. Six months after treat-
ment completion, only the ECT group showed a significantly improved body image 
satisfaction and self-efficacy, and consequently, a reduction in avoidance and an in-
crease in adaptive behaviors. 

Similar results (improved body satisfaction, anxiety level and self-efficacy, higher 
motivation for change) were obtained in a group of patients suffering from binge 
eating disorder after ECT treatment (N=10), compared to a group of binge-eaters 
(N=10) undergoing traditional cognitive-behavioral psychonutritional group therapy 
[204]; unfortunately, no significant differences were found in the occurrence of binge 
eating behavior. In a subsequent study on binge-eating disorder [205] involving a six-
month follow-up assessment after treatment, results showed that 77% of the ECT 
group quit binging after treatment, whereas only 56% of the participants receiving 
CBT plus nutritional group and 22% of the participants undergoing only nutritional 
group did so. ECT also achieved a better result than CBT in improving the psycho-
logical state of the patients, with particular regard to body satisfaction and resistance 
to social pressure, but it did not prove more effective in promoting weight loss. 

Perpiñá and colleagues [206], [207] developed an immersive VR system with a 3D 
figure whose body could be manipulated by patients (i.e. enlarged or thinned); the 
body was placed in several settings such as a kitchen, an exhibit room, in front of 
mirrors, etc. Thirteen outpatients, suffering from anorexia nervosa or bulimia nervosa 
were divided into two treatment conditions: CBT plus VR, or CBT plus relaxation. 
Results showed that all patients improved significantly after treatment, but CBT plus 
VR group showed a significantly greater improvement in psychopathology-related 
indices. This group also showed greater satisfaction with their body, a decrease in 
body-related negative thoughts and attitudes, a decrease in fear of weighing them-
selves and of reaching a healthy weight. As found in other studies, treatment group 
including VR registered fewer drop-outs, indicating an enhanced treatment accep-
tance and motivation. Twelve-month follow-up assessment showed that achievements 
had further improved. The same authors carried out a pilot study with a small sample  
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(N=9) of patients suffering from various eating disorders to test the efficacy of a  
VR-based system in assessing and treating binge-eating episodes. The VE consisted 
of a kitchen showing different foods considered ‘forbidden’ or ‘safe’. The patient was 
required to ‘eat’ one forbidden food, and subsequently to rate her anxiety, urge to 
binge, guilt and how she judged the reality of the experience. Then, the patient re-
peated the experience, with the augmentation of olfactory stimulation, and rated her-
self again. Results indicated that all patients reported high levels of reality of the  
experience, and so the VE triggered typical reactions of binge-eating episodes, since 
patients reported moderate to extreme levels of anxiety, urge to overeat, and guilt. In 
addition, the odor of food produced an increase in all measures, suggesting that aug-
mented reality helped participants to become deeply immersed in VR. 

Ferrer-Garcia and Gutierrez-Maldonado [208], [209] described the emotional  
responses of thirty female eating disordered patients to six immersive VEs: a high-
calorie food kitchen, a low-calorie food kitchen, a high-calorie food restaurant, a  
low-calorie food restaurant, a swimming-pool, and a neutral situation depicting a 
living-room. After exposure to each environment self-reported measures of state anxi-
ety and depression (State Anxiety Inventory [65]; Barcelona Depression Question-
naire [210]) were collected. VEs in which patients were confronted with high-calorie 
food produced significant increases in anxiety and depressed mood compared with the 
neutral situation. Among social situations, only the swimming-pool significantly in-
creased anxiety level, due to the subjective importance of patients’ body image and of 
others’ evaluation, as patients’ avatars wore bathing-suits and were surrounded by 
attractive young people in their bathing-suits. On the other hand, the presence or ab-
sence of people had no significant effect in the restaurant situation, as food type was 
the only variable producing significant effects for both anxiety and depression. 

5   Virtual Reality Interventions for Pain Control 

Beside VR employment in CBT for various psychological disorders described above, 
this novel technique has been employed to induce a form of additional analgesia to 
support or substitute pharmacological intervention, in people undergoing painful 
medical procedures. 

Traditional cognitive-behavioral techniques have already been used as an addi-
tional intervention to support analgesic therapy for extremely painful conditions such 
as, for example, burn wound. Such interventions are mainly addressed to the cognitive 
component of pain; specifically, attention, beliefs about pain, expectations, and attri-
butions are thought to modulate nociceptive signals [211]. Typical cognitive-
behavioral interventions for acute pain include for example hypnosis, mental imagery, 
mental arithmetic, listening to music, watching a video (see [212] for an overview). 

Hoffmann and colleagues [212] proposed immersive VR as a means for distracting 
patients from painful medical procedures, based on the assumption that, as humans 
have a limited attention, and pain requires part of its amount, involvement in complex 
stimulation leaves less resources available to nociceptive input, and patients experi-
ence less pain. 
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5.1   Virtual Reality Analgesia for Pediatric Patients 

Children undergoing painful medical procedures often receive inadequate pain treat-
ment [213], so applications of VR analgesia to pediatric medicine has drawn particu-
lar attention. Hoffmann and colleagues [212] presented two case studies on adolescent 
burn wound patients undergoing wound medication; pain perceived during the proce-
dure when immersed in VR was compared to that perceived while playing a video 
game. VE employed was SpiderWorld, described above [27]. Pain-related variables 
were rated on 10cm visual-analog scales. The first patient rated pain as much reduced 
when engaged in VR than when engaged in the video game, especially with regard to 
sensory pain, affective pain and anxiety, and reported time spent thinking about his 
pain during the procedure was largely reduced. Anyway, it has been observed that the 
patient’s impossibility to physically see the wound while in VR may have played a 
role in pain reduction. The second patient showed a greater decrease in perceived pain 
during VR compared to the video game. Since this patient could not see the wound in 
either condition, this result ruled out the confound role of wound visibility among 
conditions. Thus, according to authors, the only effective component was the sense of 
presence into VE, which was rated by both patients much higher for VR than for 
videogames. 

More recently, controlled studies on burn wound pain control in children and ado-
lescents have been published. Das, Grimmer, Sparnon, McRae and Thomas [214] 
tested, with a within-subjects design, nine children (five to eighteen years old) under-
going a VR immersive game during half of the wound dressing procedure. They 
found that combination of VR and analgesics was more effective than analgesics 
alone in reducing perceived pain, as rated on a 10-point Faces scale [215]. When the 
same pain level was reported in both treatment condition, the children’s behavior was 
rated by caregivers as calmer during VR immersion. 

Chan and colleagues [216], in a within subject study on eight children (mean age 
six and half years), did not find any statistical difference in the pain, rated on a 0 to 
100 scale, in the VR game condition compared to standard procedure, but, as in the 
previously reported study, the behavior and compliance observed by the nurses were 
better in the VR condition. 

In a recent study, Mott and colleagues [217] studied the employment of an aug-
mented reality system to support analgesia in children burn wound pain control. 
Forty-two children (three to fourteen years old) were randomly assigned to an aug-
mented reality treatment group (N=20) and a control (basic cognitive therapy) group 
(N=22). Augmented reality system consisted in a series of plastic figures which could 
be inserted in a camera unit in order to visualize and manipulate the corresponding 
character on a screen. Pre-, and post- pain scores plus scores taken at ten-minute in-
tervals during procedure were collected on a visual-analog scale, and physiological 
measures. Results showed significantly lower pain scores in the augmented reality 
group compared to control group, but physiological indices showed significant 
changes over time within but not between the two study groups. 

Burn wound care has not been the only condition taken into account for VR pain 
control with pediatric patients. Gershon and colleagues published a case study [218] 
and a controlled study [219] assessing the use of VR as a distractor in pediatric cancer 
patients. The case study (an eight year old patient) compared a no distraction (A), a 
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non-VR computer distraction (B), and head-set displayed VR distraction (C) in an A-
B-C-A design. VR employment led to lower perceived pain and anxiety, as reported 
on a 10 cm visual-analog scale, and reduced physiological and behavioral indices of 
distress compared to baseline, even if anxiety reported during the VR condition was 
higher than during non-VR condition. This finding could be due to the fact that when 
wearing the head set the patient could not see the nurse operating on him, condition 
that would increase his anxiety. However, VR condition produced the lower pain 
rating. Remarkably, this benefit was maintained after the VR session, suggesting a 
reduction in the conditioned anxiety to the procedure. The controlled study [219] was 
carried out on children aged seven to nineteen, receiving subcutaneous venous port 
device access. Twenty-two children received VR distraction, twenty-two received no 
distraction, and fifteen received a non-VR distraction. Both VR and non-VR distrac-
tion were provided by a game in which the patient had to play the role of a gorilla 
interacting with other gorillas. In VR condition, the game was displayed by HMD, in 
non-VR condition by a simple monitor. VR distraction led to reduced physiological 
arousal and behavioral indices of distress (CHEOPS [220]), as well as lower nurse’s 
ratings of pain, but no difference in the pain rating between VR and non-VR distrac-
tion was observed, probably due to the wide age range of the participants and to the 
relative mildness of the procedure. 

Steele and colleagues [221] tested the effectiveness of VR analgesia on a sixteen 
year old patient with cerebral palsy, undergoing a post-surgery physiotherapy pro-
gram. Six physiotherapy sessions were taken into account. For each session, half time 
was spent in immersive VR, and the other half without VR, in randomized order, 
while pharmacologic analgesics were administered in both conditions. Patient’s pain 
ratings (Faces scale [215]) in the VR condition resulted 41.2% lower than in the con-
trol condition. 

Gold, Kim, Kant, Joseph and Rizzo [222] employed VR as a pain distraction during 
intravenous (IV) placement in children. Twenty children (seven-seventeen years old) 
were randomly assigned to either an immersive VR game distraction (racing down a hill 
on a skateboard) or topical anesthetic application with no distraction. Children receiving 
only topical anesthetic experienced a significant increase in affective pain ratings (Faces 
pain scale-revised [223]) after IV placement, compared to baseline, when no significant 
change was detected in the VR condition in this measure. 

5.2   Virtual Reality Analgesia for Adult Patients 

While mitigating pain in children has been obviously a main interest in research on 
pain control, VR distraction systems have also been applied to adults in several medi-
cal conditions. Again, burn wound have been of primary interest. Hoffman, Patterson 
and Carrougher [224] published the first study to assess effectiveness of immersive 
VR in distracting twelve burn wound adult patients (aged nineteen to forty-seven 
years) undergoing physical therapy. In this within subject study, patients spent, during 
procedure, three minutes in VR and three minutes with no distraction, in randomized 
order. VR analgesia was proved effective by patients’ report of significantly lower 
pain, as rated on visual-analog scales, when immersed in VR. 

Since the first studies on VR analgesia were conducted mainly on a single trial, 
Hoffman and colleagues tested the efficacy of multiple-treatment VR analgesia in 
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order to assess possible habituation effects. A case study [225] was carried out on a 
thirty-two year old male patient with large burns, undergoing physical therapy for 
various amounts of time across five days. The patient spent half of the therapy time in 
VR and half without VR, in randomized order. The patient showed a large reduction 
in several pain scores rated on visual-analog scales during treatment while immersed 
in VR compared to standard treatment. VR efficacy in inducing pain reduction, as 
well as the patient’s sense of presence in the virtual world as rated on other visual-
analog scales, did not show a decrease with repetitions and increased durations, indi-
cating that VR analgesia is suitable to be used repeatedly for extended time periods. 

In a controlled study [226] seven burn wound patients aged nine to thirty–two 
years undergoing at least three physical therapy sessions were tested. Sessions time 
was equally divided between immersive VR and no-distraction control condition. Pain 
ratings on visual-analog scales resulted statistically lower during immersion in VR, 
and, again, this effect did not decrease with repeated VR immersions. 

As burn wounds are often treated in a hydrotank, especially in the early, more pain-
ful, stage of recovery, the same research group built and tested a custom VR helmet to 
be used in the hydrotank. This system proved effective, both on a clinical and a tech-
nical perspective in a case study [227] and in a controlled study [228]. 

Van Twillert, Bremer and Faber [229] compared immersive VR game to standard 
intervention and other distraction methods (chosen by individual patients among tele-
vision, music, conversation, etc.) during wound care in nineteen burn wound pediatric 
and adult patients (aged eight to sixty-five years). Both VR and television engagement 
during the procedure led to significant reductions in pain, rated on visual-analog 
scales. Sixteen participants reported to some extent a reduction in perceived pain 
during VR immersion. Sixty-eight percent of the participants reported a clinically 
relevant (i.e., 33% or greater) pain reduction, while only 50% of the participants re-
ported the same during TV distraction. It is noteworthy that the three adult partici-
pants who reported an increase of pain during VR immersion also reported problems 
related to control of the situation during the procedure, as the helmet impeded their 
view of the wound care, inducing greater anxiety (State-Trait Anxiety Inventory-Y 
[106]) and pain scores. This result could be attributed to individual coping style or 
personality traits that could influence success of VR intervention [230]. 

To assess individual factors implied in efficacy of VR analgesia, Sharar and col-
leagues [231] tested eighty-eight patients, ranging from six to sixty-five years of age, 
undergoing post-burn physical therapy with the aid of standard analgesic only and 
standard analgesic combined with VR immersion. Patients reported a significant re-
duction in several indices of pain, rated on visual-analog scales, during VR immer-
sion. Most important, this effect was present regardless of patients’ age, sex, ethnicity, 
burn size and duration of the therapy session, indicating a wide generalizability of VR 
analgesia usefulness. 

Finally, Maani and colleagues [232] published outcomes from two cases of com-
bat-related burn injury where part of the wound care was administered during VR 
immersion and part not, in order to compare conditions. The particular system used in 
this study was constituted of an articulated robotic-like arm, on a VR goggle system. 
Though the first patient reported less pain during VR immersion, he reported no re-
duction in worst pain rating. The second patient reported a generally reduced pain 
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during procedure when immersed in VR, and also a reduction in the worst perceived 
pain rating.  

As for children treatment, VR analgesia for adult patients has not been limited to 
burn wound care. Hoffman and colleagues [233] tested whether immersive VR can be 
useful to reduce dental pain in two patients (fifty-one and fifty-six years old) with 
adult periodontitis. In this within-subjects design, patients received immersive VR 
distraction, movie distraction, and no-distraction (control condition) during nonsurgi-
cal dental treatment. The first patient’s mean pain ratings, on a 0 to 100 scale, were in 
the severe range during the movie, and when he was not receiving any kind of distrac-
tion, but in the mild pain range when immersed in VR. The second patient reported a 
progessive decrease of pain from moderate pain with no distraction, to mild pain 
during the movie, to reach essentially no pain in VR. A more recent research [234] on 
thirty-eight patients undergoing a painful dental procedure, with a similar within sub-
ject procedure, showed that during VR immersion patients’ pain ratings were lower 
than during the movie and the no-distraction condition. 

One study investigated the effects of VR distraction on chemotherapy-related 
symptom distress levels in sixteen middle-aged or older women suffering from breast 
cancer [235]. A within subject design showed that immersive VR intervention re-
duced treatment-related anxiety [106], but no reduction was achieved in symptom 
distress and fatigue levels (Symptom Distress Scale [236], Revised Piper Fatigue 
Scale [237]) probably because of the novelty of the intervention and the low baseline 
of symptom distress. 

VR analgesia has been applied also to phantom limb pain [238], [239]. In this re-
search, authors used immersive VR not to distract patients from their pain, but to 
“transpose the movements made by an amputee’s remaining anatomical limb into 
movements of a virtual limb in the phenomenal space occupied by their phantom 
limb” ([238], p. 1466). Three participants (sixty-three, sixty and sixty-five years old) 
who experienced phantom limb pain underwent two to five immersive VR sessions. 
All participants reported somehow a transferal of sensations to the phantom limb and 
a pain reduction, but it was impossible to rule out that this analgesic effect was attrib-
utable to simple distraction due to the lack of a control group. 

Another study probed the usefulness of VR distraction during a painful procedure 
such as transurethral microwave thermotherapy [240], used for treatment of benign 
prostatic hypertrophy. In this case report, a sixty-seven years old patient rated his pain 
and anxiety during treatment without distraction and when playing an immersive VR 
game. When immersed in VR, the patient reported decreased pain and anxiety (Pain 
Questionnaire [241]), and, moreover, described the treatment as “extremely fun”. 
Furthermore, as a decrease in prostatic blood flow was observed during VR immer-
sion, it is suggested that VR distraction actually induced physiological changes in the 
patient. 

Finally, Hoffman and colleagues [242] conducted a case study on a thirty-two year 
old male patient undergoing passive range of motion exercises after a road accident. 
During two sessions, the patient spent half-time (ten minutes) immersed in VR, and 
the other half without distraction. Pain self ratings, obtained on 0 to 10 graphic rating 
scales showed a reduction in pain severity during VR immersion in all the pain com-
ponents taken into account, namely, cognitive, affective and sensory. 
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5.3   Hypnosis Induction by Means of Virtual Reality 

A peculiar application of VR is hypnosis induction. Since patients can comfortably 
remain immersed in VR only for limited amounts of time, VR analgesia can be con-
sidered more suitable to relief procedural than chronic pain. VR-induced hypnosis can 
be instead a more useful tool to treat chronic pain. 

Evidence has been reported on analgesic effects of hypnosis for clinical chronic 
and acute pain, as well as for experimentally induced pain [243], [244]. According to 
Patterson, Tininenko, Schmidt and Sharar [245], clinical hypnosis could reach far 
greater number of patients if interventions did not require the actual presence of a 
trained hypnotist. The employment of automated stimuli to guide patient’s attention 
might be a way to allow a less effortful induction than self-generating the scenarios 
and imagining the objects cued by the hypnotist, which require considerable concen-
tration. Patterson, Tininenko, Schmidt and Sharar [245] reported a case study on a 
thirty-seven year old burn wound patient, undergoing computerized hypnosis using 
immersive VR. The rationale was that VR might increase patient’s disposition toward 
hypnotic suggestion for relaxation and analgesia. VR conveyed the stimuli that the 
patient usually has to imagine guided by the therapist. In this case the patient went 
into VR prior but not during wound care. The patient was not allowed to interact with 
the VE as in the previously described studies, but he could only look around while 
listening to audiotaped hypnosis instructions. Two hours after VR hypnosis, the pa-
tient underwent a one hour and half long wound care session. Afterwards, the patient 
filled in questionnaires to rate pain and anxiety levels (Graphic Rating Scales, [246], 
Burn Specific Pain Anxiety Scale [247]) during the wound care session. In a subse-
quent session, patient only listened to the audiotaped instruction, without visual cues 
provided by VR, and after one hour he underwent wound care and filled in the pain 
and anxiety questionnaires. After the VR hypnosis intervention, patient indicated that 
the worst pain perceived was 40% lower, average pain levels was reduced by 60% 
and anxiety was 50% lower than pre-intervention. Additional reduction in pain and 
anxiety was observed after the subsequent audiotape-only induction, but pain ratings 
and medication usage returned almost to baseline level on the third day, when he did 
not receive hypnotic induction. According to Authors, this result is inconsistent with 
previous findings suggesting that the analgesic effects of one or two days of hypnosis 
continue to be effective for subsequent medical procedures [248], [249], [250], and 
seems due to peculiar patient’s condition and mental status. 

In a recent case report, Oneal, Patterson, Soltani, Teeley, and Jenses [251] tested 
the employment of VR hypnosis to treat chronic neuropathic pain in a thirty-six year 
old patient, using material and procedure very similar to those employed in the previ-
ous study. This patient underwent thirty-three VR hypnosis sessions over six months. 
Though VR hypnosis analgesia did not produce lasting decreases in pain perception, 
an immediate 36% reduction in average pain intensity rating and a 33% reduction in 
average pain unpleasantness rating on a 0 to 10 scale were obtained post-treatment. 
When compared to traditional hypnosis experienced by the patient previously of VR 
hypnosis treatment, VR hypnosis showed a greater pain intensity and unpleasantness 
reduction. Moreover, the patient was free from pain for an average of 3.86 hours, and 
experienced a reduction of pain for an average of 12.21 hours after VR hypnosis ses-
sions. These results suggest that hypnosis can provide a valuable mean for managing 
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chronic pain daily, similar to medications use, but without the negative side effects of 
medications. 

To test the hypothesis that the amount of pain reduction obtained by VR post-
hypnotic suggestions is modulated by hypnotizability, in contrast with VR distraction 
analgesia, primarily mediated by attentional mechanisms (which would not be modu-
lated by hypnotizability), Patterson, Hoffman, Garcia-Palacios and Jensen [252] ex-
perimentally induced thermal pain in one-hundred and three student volunteers (forty 
men and sixty-three women, mean age nineteen years). After assessment of baseline 
thermal pain, participants were randomly assigned to the four experimental conditions: 
No post-hypnotic suggestions/ No VR distraction (control), VR distraction only, post-
hypnotic suggestions only, post-hypnotic suggestions and VR distraction. Hypnotiza-
bility was assessed (Stanford Hypnotic Clinical Scale [253]) by a researcher blind to 
participants’ condition. Results show that only posthypnotic analgesia was moderated 
by hypnotizability, while it had no effect on VR distraction analgesia. This result is 
consistent with the hypothesis that the two kinds of analgesia work via different 
mechanisms. 

5.4   Studies on Virtual Reality Analgesia Mechanisms 

To further investigate the mechanisms upon which VR analgesia works, and to assess 
factors implied in its success, several studies have been carried out not on patients but 
on healthy participants with experimentally induced pain. Hoffman, Garcia-Palacios, 
Kapa, Beecher and Sharar [254] induced ischemic arm pain in fourteen female and 
eight male students via a blood pressure cuff to assess gender differences in VR-
induced analgesia. Pain ratings on visual-analog scales increased along time during 
the no distraction phase and were suddenly and significantly reduced when partici-
pants were immersed in the VE, both for women and for men. A second experiment 
with the same sample was then conducted to investigate the mechanism by which VR 
immersion works in reducing pain. The hypothesis was that, as VR immersion draws 
a significant amount of attention, an impaired performance on a working memory–
divided attention task would be observed. Experimental task consisted in paying at-
tention to an auditorily presented string of numbers for 2 minutes while engaged in 
VR, and then performing the same task with no distraction (control condition). Re-
sults showed that participants performed a significantly more accurate task in the 
control condition than in the VR condition. This result is consistent with the assump-
tion that VR absorbs attentional resources and pain reduction is reached via an atten-
tional mechanism. 

Magora, Cohen, Shochina and Dayan [255] investigated if VR immersion through 
HMD can prolong the amount of time twenty participants (ten males, ten females, 
mean age thirty-two point five years) can tolerate ischemic arm pain. VR game im-
mersion and a control condition were evaluated in a within-subject design. Time 
amount during which ischemic pain was tolerated was significantly longer for VR 
condition than for control condition. Also, immersion in a VE led to significantly 
lower ratings of unpleasantness and of time participants spent thinking about pain on 
ten-point visual-analog scales. 

Hoffman and colleagues [256] assessed the neural correlates of VR analgesia with 
fMRI. Each of the eight male participants aged eighteen to forty-three underwent 
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thermal pain-related brain activity assessment during immersive VR distraction and in 
a control condition. As expected, VR significantly reduced pain-related brain activity 
in all the regions of interest: the anterior cingulate cortex, primary and secondary 
somatosensory cortex, insula, and thalamus. Both subjective and objective measures 
revealed a VR-induced decrease in pain, gained via modulation of both the sensory 
and the emotional aspects of pain processing. In a subsequent experiment, the same 
research group [257] used subjective pain ratings on 0-10 graphic rating scale and 
fMRI to measure pain and pain-related brain activity in participants receiving opioid 
and/or immersive VR distraction. Thermal pain was induced in nine healthy partici-
pants (eight men and one woman) aged twenty to thirty-eight years, while exposed to 
four analgesia conditions in a within-subjects design: control (no analgesia), opioid 
administration, VR distraction, opioid plus VR distraction. Both subjective pain rat-
ings and pain-related brain activity indicated an effect of opioids alone and VR dis-
traction alone, but combined use of the two reduced pain ratings and pain-related 
brain activity more effectively than opioid alone. These data support the use of com-
bined pharmacological and nonpharmacological interventions in analgesic therapies. 

6   Conclusion 

Far from being exhaustive, this chapter gathered together several evidence of the 
usefulness of Virtual Reality in CBT-based techniques addressing a variety of psycho-
logical and medical conditions. The emphasis has been put on the studies that tried to 
validate this technique through specific assessment procedures. The results is that, 
overall, VR-based CBT has proven effective in reducing both self-reported and 
physiological correlates of anxiety in various specific and social phobias, in reducing 
PTSD symptoms, in inducing safe cue exposure in patients suffering from various 
forms of substance addiction. Moreover, VR has effectively been included within 
eating disorder treatments and as a non-pharmacological analgesic for painful medical 
conditions. Taken together, these results testify the role, value and versatility of this 
technological tool at the service of the human well-being. 

Is expensive VR equipment necessary to the success of the therapy? The answer is 
more articulated than a simple yes or no. On the one side, it seems that some equip-
ment is more effective than other, and that this difference is mediated by the sense of 
presence experienced by the user. Hoffman and colleagues [258], [259] conducted 
two studies testing VR analgesia to thermal pain in healthy students induced by means 
of High Tech HMD vs Low Tech HMD. Participants in the High Tech group reported 
significantly more ‘fun’, and a significantly stronger sense of presence, compared to 
participants in the Low Tech group. Moreover, a significant positive correlation was 
observed between sense of presence ratings and amount of pain reduction, and more 
pain reduction was evident in the High Tech group than in the Low Tech group. Riva, 
Manzoni, Villani, Gaggioli, Molinari [260] compared a VR Condition with a DVD 
condition in a stress management protocol. They found that more present the users 
felt, the higher the reduction in anxiety and the increase in positive emotions. Also, 
Hoffman, Garcia-Palacios, Patterson, Jensen, Furness, Ammons [233] compared an 
immersive virtual reality depicting an icy 3D virtual canyon with a river and water-
falls, versus a movie relative to a no-distraction control. Patients had the illusion of 
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flying through the virtual world. On a scale of 0–100 with 100=high, the patients, in a 
within subjects design, rated their sense of presence much higher in VR than in the 
movie condition (60 vs. 0, respectively), and the realism of objects higher in VR than 
for the movie (30 vs. 0, respectively). 

On the other hand, it seems that the sense of presence experienced is not necessar-
ily dependent on the sophistication of the equipment, nor is the success of the therapy 
per se. Schümie and colleagues [41], similarly to Jang and colleagues [261], found 
that it is possible to provide an effective VRET even without expensive equipment, as 
long as some basic guidelines are followed in the VE design. Expensive equipment is 
not necessary to induce a phobic reaction to heights. Krijn and colleagues [262] ob-
served no differences between VRET for acrophobia administered via CAVE or 
HMD, and improvements remained stable up to six-month follow-up. Three rear-
projected images formed the CAVE walls, while a fourth image was projected on the 
floor. To be immersed in the CAVE, patients wore LCD shutterglasses synchronized 
with the images on the screen. This result has the practical implication that a cheaper 
equipment based on HMD is able to achieve the same results than a CAVE, which is 
more expensive and more difficult to be installed in the therapist’s office. Juan and 
Pérez [263] found that immersion with both equipments induces a sense of presence 
and provokes anxiety, but the CAVE was more effective than the HMD visualization 
in eliciting both. Probably the difference between this outcome and the results of the 
previous study can be explained by the different samples taken into account: it is 
possible that when phobic patients are involved, HMD visualization is enough to elicit 
a phobic reaction and then to allow successful treatment. 

Therefore, even affordable and simple VR equipment can effectively induce the 
desired psychological state and a sense of presence in cybertherapy. However, it is 
recommended that the literature is checked before embarking in building a specific 
system for a specific treatment in order to include the features that have proven more 
successful or that pilot studies are deviced in order to find out those features. It is also 
recommended to consider the ethical implications of cybertherapy and their specific 
deontological demands, in order to outline a proper, safe procedure [264]. 
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Abstract. Virtual reality is used in psychotherapeutic applications, but also as a 
training tool to practice stress management techniques and, hopefully, in the 
long term reduce the likelihood of developing posttraumatic stress disorder. 
This chapter begins with an overview of posttraumatic stress disorder and 
virtual reality technologies used in clinical research. The core of the chapter is 
dedicated to review studies using virtual reality to learn and practice stress 
coping skills or preparing military personnel to deal with stressful situations. 
Our analyses revealed that virtual reality is a promising training tool but more 
studies are clearly needed. Issues such as realism and the sense of presence are 
discussed and their role appears more complicated than initially thought. 

1   Introduction 

Posttraumatic stress disorder (PTSD) is the most frequent mental disorder that may 
develop when an individual encounters life-threatening events. In order to make that 
diagnostic one must, first and foremost, have experienced a traumatic event.  
According to the Diagnostic and Statistical Manual of Mental disorders (fourth 
edition – text revision) or DSM-IV-TR [1], an event is considered traumatic when it 
meets the following criteria: “the person has experienced, witnessed or was 
confronted with an event or events that involved actual or threatened death or serious 
injury, or a threat to the physical integrity of self or others” and is accompanied by a 
response involving either intense fear, horror or helplessness [1].  Thus, there are two 
dimensions to a traumatic event: an objective criterion relating to the characteristics 
of the event, and a subjective criterion involving the individual response to the event; 
the latter one can be peritraumatic and/or posttraumatic. Other criteria include 
symptoms of anxiety, arousal, dissociation, or flashbacks and affects between 1% and 
14% of the general population. At-risk individuals (e.g. combat veterans, victims of 
natural disasters or criminal violence) have an exceedingly high prevalence rate of 
PTSD symptoms, ranging from 3% to 58% within three months of a trauma [1]. 
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According to Hoge et al. [2], epidemiological data, the number for soldiers at risk for 
mental disorders increased from 9% to 16.6% for those who have returned 3-4 months 
post-deployment in the Middle-East, often experiencing symptoms of anxiety and 
flashback caused by their active duties.  In a further study through a U.S. Department 
of Defence screening, 20.3% of soldiers and 42.2% of reserve soldiers returning from 
Iraq required mental health treatment [3]. The fifth report of the Mental Health 
Advisory Team (MHAT) [4], using self-report measures, states that 6.9% of the Iraq-
deployed sample scored positive for depression, 7.3% for anxiety, 15.2% for PTSD 
and 17.9% for any behavioral problem. Other U.S. studies report similar estimates of 
PTSD, with slightly different cohorts, ranging from 14% to 16.6% [2,4]. Rates of 
PTSD may differ from one country to another, depending on the nature of the work 
performed by the soldiers (e.g., 4% for UK’s 2003 deployment in Iraq [5]). 

The rates of mental health disorders assessed with reliable structured interviews, as 
opposed to estimations based on using self-report measures, have been reported by 
Sareen, Cox, et al. [6] based on information collected in 2002 on 5155 regular Canadian 
Forces members and 3286 reserve Canadian Forces. However, their data were not 
gathered specifically with deployed or recently deployed personnel but rather reflect the 
mental health of military personnel in the last 12 months as measured while they were 
on their base in Canada (only 34% had been in combat or peacekeeping mission) [6]. 
The one-year prevalence of the four most common mental disorders in their sample was 
6.9% for major depression, 4.8% for alcohol dependence, 3.2% for social phobia, and 
2.3% for PTSD. PTSD is the mental disorder which prevalence is most increased by 
exposure to combat, to peacekeeping operation and to seeing atrocities / massacres, with 
increases in the magnitude of 2.1, 1.15 and 4.33 fold, respectively. Sareen, Belik, et al. 
[7] added that the diagnosis of PTSD in their sample is essentially the only mental 
disorder significantly associated with combat and/or peacekeeping missions, and that 
most other mental health problems found in this sample are attributable to a wide range 
of putative risk factors. Furthermore, participating in both combat and peacekeeping 
missions appears to have the worse impact on mental health, as opposed to being 
exposed to combat or peacekeeping only.  

In addition to direct life-threatening events such as being shot at, other stressors are 
involved in theater of operation,  such as participation in the killing of enemy soldiers, 
living under the constant threat of identifiable and unidentifiable combatants (such as 
booby-trapped children or infants), witnessing horrifying maiming and slaughter of 
fellow soldiers or civilians (grotesque death, dismemberment, disfigurement), failing to 
act against (or participating in) the commission of atrocities, isolation, ambiguity (of the 
mission or command structure), powerlessness and boredom [2,8-11]. 

2   Stress Management Techniques for Military Personnel 

Training in stress management is important, and not only because it might reduce the 
risk of PTSD and other psychological injuries. Stress and anxiety also reduces 
operational effectiveness [12]. Anxiety, acute stress or operational stress affect 
information processing, including focus of attention, sensitivity to certain peripheral 
cues, memory recall and encoding. It also directly influences physiology (e.g., 
trembling) and emotion regulation, and thus has a strong impact on performance in 
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situations requiring emotional, cognitive and behavioral control such a military 
operations [13]. Chronic stress also exacerbates the impact of acute stressors. 

Guidelines have been developed to deal with combat stress (e.g., U.S. Marine 
Corps, [14]) and include coping strategies to implement before deployment to a 
combat zone, during deployment and when returning home. Some of these strategies 
have also been implemented in structured programs to build resilience and prevent 
psychological injuries, including PTSD, such as Battlemind Training developed at the 
Walter Reed Army Institute of Research [15] or the Military Resilience Training 
Program (MRTP) developed by for the Canadian Forces by Routhier [16]. MHAT-V 
data collected during deployment of military personnel who had received Battlemind 
Training and were deployed in Iraq, suggests that 54.4% of those who received it felt 
the training was adequate [15].  This program may have reduced from 20.35% to 12% 
the rate of soldiers deployed in Iraq scoring positive on mental health problem. The 
data on the impact of the Battlemind Training does not come from a randomized 
control trial and may be biased or inflated by the concomitant implementation of other 
effective behavioral health prevention and interventions strategies implemented 
before, during and after deployment in the Middle East [17-19]. 

The stress management techniques of the MRTP are more elaborated than the 
Battlemind Training. It is grounded in a cognitive-behavioral / bio-psychosocial 
approach and also includes a spiritual dimension. The portion of the program 
developed specifically for soldiers unfolds in 13 modules delivered in workshops and 
lectures cumulating in 13 hours of training pre-deployment.  The program remains 
active during the mission, in the form of peer-support. Additional sessions are also 
delivered post-deployment. Pre-deployment, SMT skills are taught over a period of 
six to nine months and the vocabulary is adapted to the culture and attitude of military 
personnel towards stress and coping skills. Some coping strategies address primary 
appraisal of stressful stimuli (e.g., self-talk, thought stopping), other allow building  
a realistic but more reassuring secondary appraisal coping (autogenic training and 
meditation, visualization, listening to music, signing or reading, humor), and some 
can be used to sustain acute stress associated with objective life-threatening stressors 
(e.g., listening to silence, focusing, breathing, de-identification). Preliminary data on 
the use of the MRTP are encouraging [20]. Out of 640 respondents who completed 
the post-deployment survey, 58% felt the training was useful and 85% considered the 
program well adapted to the military reality.  

The stress management and coping skills mentioned above have been modified to fit 
with what is referred to as Mental Readiness Training, where the classical cognitive-
behavior strategies are adapted to the military culture and context, and delivered by 
people with operational experience and credibility [13,16].  Unfortunately, there is no 
data on how socially acceptable it may be for military personnel to actually practice 
stress management skills in programs such as the MRTP. Because of virility or potential 
“Army Strong” mentality, some soldiers may be reluctant to practice emotion regulation 
techniques. In addition, further research is needed to document whether programs such 
as these can reduce the amount of deployment-related mental health concerns 
experienced by military personnel.  

Yet, simply teaching general coping skills during lectures, even in a 13-hour 
workshop, is not sufficient. Like any behavioral skill, learning in theory how to use 
coping strategies will transfer poorly to actual behavior change in stressful operational 
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situations. Practice under stressful situations is needed, and virtual reality appears to 
offer interesting possibilities to facilitate this practice within the general context of 
enhancing mental readiness [13,21], in order to allow training military personnel to be 
more efficient in psychological coping skills to control their emotions, cognitions and 
behaviour. 

The current chapter focuses on the scientific literature on stress management 
strategies and proposes solutions using virtual reality. Basic information on the use of 
this technology in mental health will first be briefly addressed (e.g., the technology 
frequently used, the potential to induce useful levels of anxiety), followed by an 
overview of PTSD treatments using virtual reality and a detailed description of its use 
in stress management training of military personnel.  

3   Virtual Reality and Its Potential to Induce Anxiety 

By definition, virtual reality (VR) is “an application that lets users navigate and 
interact with a three-dimensional computer-generated (and computer-maintained) 
environment in real time” [22]. The key concept that differentiates VR from the use of 
other audio-visual media is interactivity. Even if stressful stimuli are presented on 
slides, computer or IMAX theatre screen, this is not sufficient to be considered as VR. 
The mediated experience becomes a virtual reality when participants can interact and 
explore the surroundings (e.g., open a door, walk out of a room) and the displayed 
images are changing accordingly.  

Different technologies can immerse the user to different degrees in the virtual 
environments, from a simple presentation on a computer screen to the use of head-
mounted displays and motion trackers, and even to a full-size 10 by 10 by 10-foot 
room with stereoscopic images projected on walls, floor and ceiling.  

The most affordable immersive technology is often referred to as HMD, because of 
its reliance on head mounted displays (see Figure 1). With this type of technology, the 
user can be immersed in virtual reality through the use of a virtual reality helmet that 
allows either monoscopic or stereoscopic display. In addition, a motion tracker tracks, 
at least, the head rotations (refined system offer more complete tracking solutions, 
including 6dof for the head and the use of more than one tracker) and the computer 
adapts the virtual images according to the user’s head movements.  Room-size 
systems, often referred to by the trade name of CAVE1 (C-Automatic Virtual 
Environment™, Fakespace Technology), are very attractive mediums to deliver 
virtual stimuli. They are very appreciated in the research community. As the user 
stands up in the middle of stereoscopic 3D projected images (see Figure 2), objects 
are seen as literally there, perceived as if they were in the middle of the room 
surrounding the user. The field of view is much wider than the majority of HMDs and 
the user can actually see his physical body. Immersive rooms are often considered the 
gold standard of immersive technology because of their power to induce the illusion 
of presence. But they are also extremely costly to build and require a fairly large 
amount of physical space. 
                                                           
1 Since CAVE is a trademark, similar systems not built by Fakespace are often referred to as 

CAVE-like systems. The C in the acronym CAVE was added to Automatic Virtual Environment 
to create a recursive acronym that would provide a meaning to the acronym.   
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Fig. 1. A therapist (right) and (left) his patient immersed in virtual reality using a HMD. 

 

 

Fig. 2. A user immersed in the kitchen of a virtual reality apartment in a 6-wall retro-projected 
immersive room (often referred to as a CAVE™). 

The military, medical and entertainment industries were instrumental in the early 
development of VR applications. The technology really gained popularity in clinical 
psychology in the early 1990’s, with VR being used to treat anxiety disorders. 
Initially, VR was used with specific phobias [23,24], which was useful for researchers 
in need of well defined mental disorders, circumscribed treatments and easily 
available objective and behavioral outcome measures. The field is now moving 
towards more appealing applications for clinicians [25; see also chapters 4, 5, and 7, 
in this volume], such as complex anxiety disorders like PTSD.  

The potential of VR to elicit genuine fear reaction when people are exposed to 
stressful virtual stimuli is a prerequisite for using VR in stress management training 
(SMT). The capacity of VR to reliably produce stress reactions has been repeatedly 
documented. For example, Robillard et al. [26] have demonstrated that the 
presentation of frightening virtual stimuli to non-phobics participants can elicit 
subjective fear reactions, and these reactions are significantly more intense among 
phobic participants. Renaud et al. [27] have shown using eye-tracking that presenting 
frightening virtual stimuli can lead to behavioral avoidance patterns that are 
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significantly more pronounced in phobics than in normal controls. Looking at 
physiological measures, Moore et al. [28] have shown that non-phobics encountering 
potentially stressful virtual situations such as elevators, grocery stores or avatars 
(virtual copies of people) manifest significant changes in heart rate and skin 
conductance. Meehan [29] and Zimmons [30] have assessed participants’ reaction 
under a variety of conditions while immersed in a virtual environment and confirmed 
that VR can produce strong and significant changes in heart rate, skin conductance 
and skin temperature when exposed to phobogenic cues. 

People’s reactions to virtual stimuli also apply to virtual humans. For example, 
James et al. [31] have immersed non-phobics in various virtual social environments 
and observed an increase in anxiety when participants had to interact with virtual 
humans who appeared disinterested by their presence. Later on, the same research 
team [32] compared the impact of giving a speech in an empty seminar room or to a 
virtual audience on phobics and non-phobics. The level of anxiety, measured 
subjectively and physiologically, was low among non-phobics in both conditions, but 
it was significantly higher among phobics in the empty room condition and even 
higher when the phobics delivered their speech to the virtual humans. Pursuing their 
research on autonomous agents, Pertaub et al. [33] compared the reaction of 43 people 
suffering of fear of public speaking when they delivered two speeches to an audience 
of autonomous agents that were programmed to respond neutrally (no reaction), 
positively (leaning forward, eyes wide open, etc.) or negatively (leaning back, 
discussing among themselves, etc.) to the speeches. Delivering a speech to the 
negative audience was significantly more anxiety inducing and rated as less satisfying 
than delivering a speech to a neutral audience.  Interestingly, all these studies used 
virtual environments and virtual representations of humans that were far from 
perfectly realistic. They also found significant correlations between stress and the 
feeling of presence (the illusion of being in the virtual environment), which might 
give us clues to explain why VR can elicit strong emotions. 

However, it is not clear whether physiological responses to virtual environments 
show a consistent pattern across individuals. Wiederhold and Wiederhold [34] found 
that participants do not show consistent changes in peripheral skin temperature or 
heart rate when being exposed to virtual environments. Similarly, Jang et al. [35] 
exposed eleven non-phobic individuals for fifteen minutes to virtual environments 
depicting a flying or driving scenario. Analyses of heart rate variability showed no 
significant differences between an interactive driving condition and passively 
exploring a flying environment.  Within environments, however, baseline and 
immersion heart rates were significantly different in the driving but not the flying 
environment.  Consistent with extinction principles, participants initially showed an 
increased skin conductance in the driving environment that dissipated after seven 
minutes.  

4   VR in the Treatment of PTSD 

Two potential approaches to reduce PTSD are treatment and prevention. The current 
chapter focuses on the second option, preventing psychological injuries by increasing 
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resilience, but it seems important to overview what information is presently available 
in the treatment of PTSD using VR technologies. 

VR has made substantial advancements in the field of PTSD, improving and 
enhancing treatment efficacy for this disorder in the survivors of several types of 
trauma.  Cognitive-behavior therapists use VR-based exposure therapy to create a 
safe, virtual environment with the ability to allow a patient to stop avoiding the 
intrusive flashbacks associated with PTSD and “relive” their experiences in a 
thorough and efficient method, by slowly exposing themselves to events that trigger 
memories of the traumatic event.  In some treatment protocols, the patient is first 
taught coping skills, and can then use those skills while exposed to the traumatic 
events in VR. The patient can then, at their own pace, move through the traumatic 
scenarios and experience the corresponding emotional responses [36,37].  

For example, Rothbaum et al. [38] used HMD technology to immerse 16 Vietnam 
veterans suffering from PTSD in environments including a helicopter and jungle 
terrain. Patients experienced a 34% decrease in clinician-rated PTSD symptoms and a 
45% decrease in self-ratings. Using scenarios depicting stressors commonly 
experienced in Iraq, Wood et al. [39] showed that after VR-based exposure therapy, 
two-third of their sample of Iraq war veterans no longer met the diagnostic criteria for 
PTSD.  Applications of VR to the treatment of PTSD for military personnel are recent 
and a popular topic in the field, as shown by the frequent publications from ongoing 
randomized clinical trials [40-42]. Based on the Wiederhold and Wiederhold [43]  
review and recently published work, we were able to find 19 studies published on the 
use of VR to treat PTSD, for a total of 413 patients and five types of trauma (war, car 
accidents, earthquakes, September 11th / Word Trade Center incident, and terrorist 
attacks). The war-related traumas include Vietnam [38], Angola [44] and Iraq [45; 
also see chapters 2, 3, 4, and 5 for additional studies].  

5   The Use of VR in Stress Management Training 

VR can also be used as a way of preventing PTSD in militaries by preparing individuals 
to deal with stressful situations.  A key publication comes from researchers at the 
Virtual Reality Medical Center, led by Mark and Brenda Wiederhold, who published in 
2005 their final report on studies performed with a total of 612 members2 of elite units 
of the United States Navy, United States Marine Corps and United States Coast Guard 
[46]. Their aim was to document the effectiveness of VR training to increase 
performance in applying tactical and trauma care skills as well as practicing combat 
breathing. They also purposefully conducted all their immersions using a (yet powerful 
for the time) laptop computer and no HMD in order to test a low-cost solution. They 
replicated the same experimental design for most study, with less than half of the 
participants receiving one session of VR training where they practiced performing their 
duties while their stress and arousal were monitored. Participants in the control  
 

                                                           
2 This number is based on the actual number of participants reported in the five studies (with 

only 332 having received VR training). 
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condition did not receive any VR training. It is assumed that participants were not 
randomly assigned to the experimental conditions in the first four studies. The authors 
describe their key outcome measures as actual response time in “real world” physical 
environments, subjective and rated assessments from training officers and psycho-
physiological assessment during VR training (e.g., heart rate, skin conductance, and 
breathing rate).  

In Study 1, 90 U.S. Marine Corps navigated a virtual shoothouse for approximately 
15 minutes and feedback was provided on their performance after the immersion. The 
tasks were to take down and secure the "objective" (shoothouse) as quickly as 
possible, conduct sensitive site exploitation and exfiltrate a crisis sight in a village. 
The authors compared on a variety of parameters the performance of the 90 participants 
trained in VR with 120 Marines that did not receive any training at all. Results, based 
on mostly subjective information, suggest an increased efficiency of those who 
received prior training. The few data subjected to statistical analyses revealed that: (a) 
averaged over 60 trials, participants trained in VR took 9 seconds to clear the physical 
room, as opposed to 11 seconds in the control group who never had any training (p < 
.001); (b) those receiving VR training took (averaged over 35 trials) 21 minutes to 
secure the objective as opposed to 23 minutes (averaged over 32 trials only) for those 
in the control group. When it comes to conducting site sensitive exploration, receiving 
VR training significantly (p < .001) reduced the time to sketch the layout of the house 
to 4 minutes as opposed to 6 minutes in the control group. A host of other data are 
reported, notably higher accuracy for Marines who benefited from the VR training 
and the accompanying feedback, but no statistical analyses are reported to confirm 
whether these differences occur above chance level.  

Study 2 was conducted with United States Navy SEAL, with 30 team members 
receiving the same VR training as Study 1, and 90 team members being in the control 
condition. No empirical data or statistical analyses are reported for this sample but, as 
suggested by authors, VR training might have been helpful according to qualitative 
observations.  

The third study from Wiederhold [46] report was conducted with 30 U.S.M.C. 
Marine Expeditionary Unit but with no control condition. Participants’ task was to 
conduct “Visit, Board, Search, and Seize” procedures on a ship. The VR training 
consisted of taking a virtual ship under custody and search for hidden cargo and 
contraband within 10 minutes. No empirical data or statistical analyses are reported 
for Study 3 but the authors considered that VR training was helpful based on several 
observations, such as reduction in 14.2% of time needed to search the ship. The same 
comments can be formulated for Study 4 conducted with United States Coast Guards' 
Pacific Tactical Law Enforcement Detachment. They report encouraging descriptive 
and qualitative data gathered on 20 participants receiving VR training and 80 
participants in the control condition.  

The last study was conducted with 152 members of the Light Armored 
Reconnaissance battalion. They were midway through their pre-deployment work up 
and the focus of their training was on military operations in urban terrain and house  
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clearing in the shoothouse (as in Study 1 and 2). The study aimed at several objectives 
at the same time: (a) compare whether training with the VR scenario was more 
effective that simply playing a computer game (in which one links chains of identical 
sparkling jewels), and to no training at all, (b) compare if training on the laptop was  
less effective than projecting the image on a screen from approximately 15 feet away 
(note, there is no indication that stereoscopy was used), and (c) whether multiple 
performance in the physical reality has an impact on time it takes to clear the physical 
house. For the first research question, it took 9.42 seconds for those trained in VR to 
perform their task as opposed to the 12.07 and 12.15 seconds it took by participants 
the two control conditions. For the second research question, participants performed 
their task in 8.42 seconds when they received training with the large screen, in 9.42 
seconds when the training was done on the desktop and 12.07 seconds when had no 
training at all.  Finally, repeating four times the clearing of the physical house 
improved performance time from 12.19 seconds to 9.85 while those who received the 
desktop training took 9.42 seconds. Sadly, no statistical analyses were reported so it is 
impossible to confirm if the differences found in this study were significant.  

In their review on stress management training, Wiederhold and Wiederhold [43] 
report a few additional studies where VR was used. One study was conducted by 
Tarnanas and Manos [47] where they used VR to train pre-school children and 
children suffering from Down syndrome to evacuate their classroom in the case of an 
earthquake. Although this may resemble more stress inoculation than stress 
management training and the study was not conducted with military personnel, their 
results are interesting as they show that participants were able to learn to better 
perform under a stressful virtual situation. In a preliminary phase of the larger study 
mentioned above [46], Wiederhold and Wiederhold [48] tested whether practicing in 
VR tending to a wounded virtual person while being shot at, or without being shot at, 
had an impact on performance. According to the information reported in Wiederhold 
and Wiederhold [43], results were positive.  

Another line of research in stress inoculation / management straining of military 
personnel is the training of medical personnel. In 2008, Stetz et al. [49] published the 
conclusion of a project whose results were progressively released in 2006 [50] and 2007 
[51]. The final sample was composed of 63 military volunteers who were attending 
combat medical class (for flight medic, ranger’s first responders, mountain medics and 
medical personnel). Two tasks were available and performed over two or four sessions. 
One task consisted in providing care to a wounded team member and within about three 
minutes to triage, stop life threatening bleeding, treat casualties, administer intravenous 
fluids and pain medication, chest seals, call for medical help, etc. The other task 
consisted in treating a similar casualty inside a helicopter. The immersion in VR was 
created with the use of a HMD (z800 by eMagin) and its built-in tracker, a low 
frequency set of speakers (to reproduce vibrations) and olfactive cues produced with a 
scent machine (Scentpalette). The stress management training consisted in practicing 
progressive muscle relaxation and controlled breathing while performing the task. 
Participants were assigned to the following four conditions: (a) control with no training  
 



118 S. Bouchard et al. 

at all, (b) no training with the VR tasks but training in stress management, (c) training 
with the VR tasks with no stress management, and (d), combined training with the VR 
tasks plus stress management. Condition (b) actually constitutes a second control 
condition as it provides a baseline upon which the other two experimental conditions 
can be compared. The goal of the study was to induce stress during the task, and is 
therefore presented by the authors as an approach to harden soldiers against the stressors 
they will encounter in the battlefield. 

The analyses could not find any difference between the three experimental 
conditions and the control group, maybe because of the small size of this group (n=9)  
compared to the experimental groups (each n = 18). When performing the analyses 
with the three experimental groups and taking into account whether participants have 
been deployed or not in the past, two results stand out. First, those immersed in the 
VR only and those immersed in the VR combined with stress management felt more 
hostility during the sessions than those in the stress management only condition. 
Second, participants who had been deployed in the past felt more anxiety during the 
sessions in the VR only condition than those in the same condition who had never 
been deployed before. The impact of previous deployment on anxiety was not 
significant in the other two conditions, where stress management was applied. Other 
statistically significant findings were reported for sensation seeking and dysphoria, 
but they are difficult to meaningfully interpret given the pattern of results and the 
analyses performed. 

Stetz et al.’s [49] findings on hostility revealed that their VR environment 
increased the hostility level in all participants who were immersed. Participants 
scored higher on a scale measuring the extent to which they felt annoyed, critical, 
disagreeable, disgusted, furious, hostile, etc. It shows that the content of the VR 
environment and the tasks performed may have been quite effective in inducing 
frustration. In addition, the use of the stress management strategies was ineffective in 
buffering the level of hostility, probably because of the strength of the hostility 
induced by the environment and because participants learned to apply the strategies 
during the immersion, as opposed to progressively mastering the techniques before 
applying it to highly engaging situations [6,52]. However, these can only be tentative 
conclusions given the lack of random assignment and control of pre-experiment levels 
of hostility (e.g., pre-experiment comparisons or repeated measures analyses).   

Findings on anxiety are interesting as well because anxiety was induced only in 
those who meet three conditions: having been deployed in the past, being immersed in 
the VR environment, and not applying the stress management techniques. This 
suggests that the content of the VR environment and the task were anxiogenic for 
people who may have been sensitized to emotionally related to it because of past 
experience, and also that the stress management techniques may have been effective 
in buffering the level of anxiety. However, since the analyses did not control for pre-
intervention levels of anxiety, it is impossible to state whether the results among those 
who received stress management are due to individual differences prior to the 
experiment among participant’s ability to regulate stress or to the acquisition of new 
and effective skills. Findings on dysphoria, which is a global score combining  
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anxiety, depression and hostility, further question the impact of prior individual 
differences. Indeed, significantly more dysphoria was found in those who had been 
previously deployed, as compared with those who have not, both in the participants 
that were immersed in the VR only and in those who received stress management, but 
opposite results were found in those in the combined condition. Nevertheless, we 
concur with Stetz et al. [49] that the study suggests VR may increase negative affect 
in those who have previously been deployed and that it is a promising tool to harden 
military personnel for future operations.  

In a recent yet unpublished study, Stetz et al. [53] assessed sixty soldiers to 
document their receptivity to stress management techniques. Given the potential 
negative impact of a culture favouring virility in the military personnel, this research 
question seemed especially timely. For three days the experimental group practiced 
progressive muscle relaxation and controlled breathing while listening to a script 
embedded in a video of an isolated beautiful 3D island developed for VR.  In the 
mornings, they would practice these techniques while watching the video projected on 
a screen. In the evening, they would watch the same video but via a portable play 
station. Preliminary results show they prefer the controlled breathing technique but 
they all liked both techniques. About half of the sample also said they would consider 
practicing these techniques after the study. More results are expected from this study 
based on analyses of additional objective data [54].  These results concur with those 
reported by Routhier [20] with the MRTP that stress management is well accepted. 
What remains to be documented is whether they actually practice stress management 
strategies until they master it.  

In sum, the interactivity and possibility to create virtual scenarios that resemble 
physical reality are significant assets for using VR in SMT training. Wiederhold [46] 
reported some data suggesting that having military personnel practicing a house 
clearing and other similar tasks using a 3D software on a desktop, along with 
receiving feedback, may improve actual performance by a few seconds. Stetz et al.’s 
work suggests that being immersed in a VR environment to perform a simulated, low 
interactivity, medical task can possibly increase psychological stress, especially 
hostility and anxiety among people who have been previously deployed. For the 
moment, most of the VR research in the field of psychological application for stress 
related problems focuses on the treatment of PTSD, with less than a handful of studies 
on SMT.  

6   The Feeling of Presence 

It is intriguing that VR may be effective given the fact that virtual reality does not 
perfectly replicate physical reality. The impression that the virtual reality is “the real 
reality”3 has been defined as the subjective impression of being there in the virtual 
environment [55]. Presence is also thought to be related to the suspension of 

                                                           
3 The expression “real reality” is used here only to introduce the concept of presence because 

reality is a subjective construction, hence the need to use a more adequate term such as 
physical reality instead of real reality. 
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disbeliefs [56], or when the user fails to perceive the existence of a medium in his 
interactions with the environment (the illusion of non-mediation; [57]). Presence may 
occur when a person interacting with a virtual environment reports a greater degree of 
interactivity with the virtual environment than with their physical environment [34]. 

Presence should be distinguished from immersion, the latter being related to the 
technology used to provide multimodal sensory input to users [55]. Immersion is an 
objective and quantifiable description of what any particular system provides, 
compared the subjective feeling of being transported in VR. 

Sadowski and Stanney [55] and Slater and Usoh [58] proposed to organize the 
known factors influencing the level of presence experienced in a virtual environment 
in seven categories: (a) ease of interaction (presence is reduced when user have 
difficulties navigating in the virtual environment); (b) user-initiated control (the 
greater the level of control a user has regarding their action, the higher the presence); 
(c) pictorial realism (the quality of the visual display is related to presence, although it 
is much less influential than other factors, see the second paragraph below); (d) length 
of exposure (presence level raises during the first few minutes of immersion and 
usually remain stable until influenced by specific stimuli or events); (e) social factors 
(the feeling of presence is increased when communicating with virtual or physical 
people); (f) system factors (the better the technology and multimodal sensory input 
replicate the objective reality, the stronger the feeling of presence); and (g) internal 
factors (individual differences in how individuals cognitively and emotionally process 
the information).  

In 2006 and 2007, Youngblut [59,60] submitted to the Institute of Defence 
Analyses reports where she performed a comprehensive analysis of system factors 
influencing presence. She reviewed 301 studies, looking at details like methodology 
and factors such as technical characteristics, interfaces, tasks performed by users, etc.  
Her results (see Figure 3) represent the best and most comprehensive synthesis of 
studies published in peer-reviews journals and conference proceedings. She 
confirmed that stronger presence is associated with using: (a) more immersive 
technologies, (b) better textures, more realistic light maps, higher polygon count, (c) 
visual displays with higher resolution, wider field of views and foreground occlusion, 
(d) peripherals providing more interactivity, (e) more efficient navigation methods 
and computer performances, and (f) high quality and spatialized audio stimuli. It is 
important to highlight here the conclusion that CAVE-like system reliably produces 
more presence than HMD technology, which are superior to desktop display [61-63]. 
Her review also support the growing notion among researchers that an increase in all 
the factors cited above do not necessarily lead to corresponding increases in presence. 
There may be a ceiling effect where beyond a certain point it is not cost effective to 
invest money, time and energy to reach for higher sense of presence.  

Youngblut’s reviews did not address specifically internal factors such as emotions, 
which also play a role in presence. Judgment about the perceived realism of VR 
environments is significantly affected by stress and anxiety. The Robillard et al. [26] 
study mentioned earlier is an example where the comparison between phobics and 
non-phobics revealed significantly stronger anxiety, presence, and sense of realism 
among phobics. Taking the realism to a minimum, Herbelin et al. [64] asked social 
anxious participants to deliver a speech in a virtual room filled with images of just  
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Fig. 3. Reproduction of Younglut’s (2007) summary of the analyses of factors associated with 
presence. Reproduced with permission from the Institute for Defense Analyses. 

and only eyes staring at them. Even in this unrealistic condition, participants reported 
significantly higher subjective anxiety and heart rate.  

Zimmons [30] immersed 42 non-phobics in a virtual height simulation (throwing 
balls down a pit) and, in an attempt to assess whether the texture or the lighting quality 
of the image played a role in the experience felt in VR, used a simple black and white 
grid representation of the virtual pit as a control condition. Interestingly, there was a 
statistically significant increase in anxiety, as measured with heart rate, even in the black 
and white environment. These are only a few examples reminding us that emotions are 
not logical and that anxiety can be triggered by the simple perception of a threat, even if 
the stimuli are virtual, cartoonish and not really dangerous.  

The relationship between presence and the level of anxiety felt in the VR 
environment may be more complex than it appears at first glance. As mentioned 
earlier, there is a strong relationship between anxiety and presence. For example, 
Robillard et al. [26] reported a significant correlation (r = .74, p < .001) between 
anxiety and presence. In order to document the direction of the causal relationship 
between anxiety and presence, two studies were conducted by Bouchard and his  
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colleagues. In a first randomized single-blind study conducted with snake phobics, 
participants were told that the virtual environments were either infested or not 
infested with snakes [65].  Since the VR environments were exactly the same, 
changing the instructions allowed the researchers to manipulate experimentally the 
level of anxiety and assess its impact on presence. Using a counter-balanced design, 
they found that inducing anxiety lead to a significant increase in presence. To test the 
inverse relationship, Michaud et al. [66] asked acrophobics to do a stressful task (i.e., 
riding a glass elevator up to a selected floor, crawling outside the building while 
looking down to the streets, walking on wooden scaffolds toward a building across 
the street, etc.) while immersed in VR with conditions that were favourable or 
unfavourable to presence (lights turned on in the laboratory, surrounding physical 
environment visible in the participant’s field of view, etc.). Interestingly, the 
randomized single-blind and crossover trial showed that levels of anxiety were higher 
in the immersions conducted when presence was higher, and vice versa. Taken 
together, these two studies suggest that there is a reciprocal determinism between 
anxiety and presence; increasing anxiety leads to more presence, and more presence 
leads to increase in anxiety. What remains to be tested is whether this relationship is 
linear and if it holds if only a minimal level of stress, or presence, is reached. 

The relationship between stress (more precisely, anxiety) and presence has been 
studied to a limited extent, yet this is significantly more than what had been done with 
performance in the physical world. For learning to perform new tasks [67] or new 
academic [68] or educational [69] concepts, researchers have not thoroughly 
addressed the question. Some authors [67] even confess explicitly that attaining high 
degrees of realism is not essential in creating a virtual environment.  

We found one study by Youngblut and Huie [70] where presence in the virtual 
environment and performance in a physical environment was examined. A group of 35 
students were randomly assigned to three conditions: a control group (with no VR 
training), and Immersive VR training group (with one rear large projection screen) and a 
Desktop VR training group (non-immersive interface). The VR task had been developed 
for the special nuclear, biological and chemical response team and involved two training 
missions for basic procedures in searching for weapons of mass destruction (e.g., 
identify hazardous material, suspicious objects and casualties, position alarms, etc.). 
Participants in the control group only studied a manual describing mission’s procedures. 
Those in the VR groups received, in addition to the manual, two training missions using 
the interactive 3D software. Coaching and feedback was also provided during the VR 
training. A performance score was derived based on audio and video recordings of a 
survey mission conducted in the physical reality, as well as an inspection of the 
searched areas. The analysis showed a significant effect of training condition on 
knowledge of mission procedures (p < .001), with participants in the Immersive VR 
condition achieving higher mission scores. There was no difference in presence ratings 
in both VR training conditions, probably due to the limited immersiveness of both 
systems. Correlations with performance yielded mix results, with a significant 
correlation with the Slater and Usoh Scale (r = .42, p < .04) but not with the Presence 
Questionnaire (r = .39, p = .059). However the non-significant correlation with the 
Presence Questionnaire may be related to limitations inherent to this instrument. 
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It is important to differentiate the role of presence in the transfer of skills from the 
virtual to the physical reality, and skills’ transfer itself. It is not because the 
contribution of presence is understudied that generalization of learning should be 
questioned. There is a wealth of evidences showing that what is learned in a virtual 
reality is real and can be generalized in vivo to the physical reality (see Stanney [24] 
for reviews). For example, in the field of anxiety disorders (see Bouchard et al. [71] 
for a review), several randomized control trials have demonstrated that successfully 
learning to face feared stimuli in virtual reality transfers in the patient’s day to day 
life, and up to many years post treatment. Studies in the area of motor and cognitive 
rehabilitation (see Holden [72] for a review) demonstrate that people can learn, or 
reacquire, motor and cognitive skills thanks to virtual reality.  

7   Conclusion 

VR has already proven to be effective in the treatment of a variety of mental health 
disorders, ranging from specific phobias [24] to more complex disorders like PTSD.  
Preliminary work is also presently being done on the utilization of VR in the 
prevention of disorders such as PTSD.  To further this work, virtual reality could be 
used to provide a context where military personnel can practice newly learned coping 
strategies.   

The basic principle for effective learning of a coping skill is to first teach and 
explain the strategies. That can be done in a group format and can be formulated in 
different ways that target various audiences, from policy makers to soldiers.  
However, the next step is to practice coping skills in simple situations, and then 
progress to more and more stressful (and potentially traumatic) events, using virtual 
reality. The user can, at his or her own pace, move through the stressful scenarios and 
learn to master the required stress management strategies. Trainers could also better 
tailor the training situations to the specific needs of each soldier. It is then expected 
that soldiers will transfer these skills and apply more efficiently the stress 
management strategies while facing stressful and potentially traumatic situations 
during deployment. As suggested by Stetz et al. [73] and Thompson and McCreary 
[74] virtual reality based training would offer the opportunity for the infusion of 
mental readiness training principles as the scenario unfolds and reinforce the lessons 
learned in courses, videos and classroom simulations.  

Further research is of course necessary to materialize this line of work with VR.  
Nevertheless, virtual reality could prove to be a tool with endless possibilities to train 
different populations in stress management to ultimately augment their efficacy and 
even, hopefully, prevent possible negative outcome such as PTSD in the military. 
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Abstract. Virtual Reality (VR) technology has been effectively implemented in 

psychotherapy as an alternative to exposure. VR has also been employed in 

treatment of eating disorders, body image disorders etc. As with any other 

treatment, efficacy varies among clients. One parameter that has been suggested 

as increasing treatment efficacy is presence. "Presence" is the subjective 

experience, so that the client/subject feels as if s/he is "in" the situation even 

though it is not real. Presence is influenced by both personality and 

technological factors. This chapter  presents a comprehensive review of studies 

examining variables impacting on presence, with the aim of elucidating the 

optimal VR user profile. 

Keywords: Virtual Reality, Presence, Psychotherapy. 

1   Introduction 

Virtual Reality (VR) has become an effective therapeutic tool as well as a viable 

alternative to various elements in traditional therapy, such as (but not limited to) 

exposure (Rothbaum et al., 2006). As this is a relatively new technology, it is still 

uncertain which elements are necessary or significant to increase VR effectiveness. 

One of the most probable candidates is presence, especially for VR exposure. For 

example, for exposure to be effective, therapy must activate the fear structure and 

modify it. This necessitates a feeling of "being" in the VR exposure environment. 

Other usages of VR such as for eating disorders, sexual dysfunctions, etc., also 

require presence. However, little research has been done on presence's effects in 

treatment of psychological disorders beyond the realm of anxiety disorders. 

                                                           
* We want to thank NetaAmit, and Eran Huber, BA for their help in collecting material for this 

chapter. 
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2   Presence 

Presence is the feeling or experience of "being" in the VR environment. Witmer and 

Singer (1998) define presence as "the subjective experience of being in one place or 

environment, even when one is physically situated in another" (pg. 225). Similarly, 

Nicovich, Boller, and Cornwell (2005) define presence as the subjective feeling of 

existence in an experienced environment. Sacau, Laarni, & Hartmann, (2008) term 

this spatial presence. They divide presence into two factors: a "physical or perceptual 

dimension"… "the sense of being physically located in a mediated space” which they 

term spatial presence and a "social dimension" "the perceived existence of others and 

the perceived possibility of interaction" which they term social presence (pg. 2256). 

This chapter will deal with spatial presence. Slater (2009) proposes that presence is 

composed of two orthogonal components: the feeling of "being there" which he calls 

Place Illusion (PI) and the illusion that what is apparently happening is really 

occurring which he calls Psi. This is closely related to the plausibility of events and 

the appearances and properties of objects. Slater proposes that "If you are there (PI) 

and what appears to be happening is really happening (Psi), then this is happening to 

you! Hence you are likely to respond as if it were real." (p. 3554). Casati, and 

Pasquinelli, (2005) agree that the plausibility of events is more important than the 

exact photo-duplication of reality. "An interesting point here is the difference between 

a quest for realism and a quest for believability. Photorealism intends to approximate 

the model, the real world, in a very accurate way…non-photorealism does not attempt 

to provide a ‘‘one-to-one’’ reproduction of the reality but is after creations that are 

believable, which include only those details, which are considered relevant or 

representative of the intention behind the model" (page 429-430).  

However, Persky, Kaphingst, McCall, Lachance, Beall, and Blascovich, (2009) 

were unable to identify presence’s influence on learning within a VE. Price and 

Anderson (2007) failed to find a relationship between presence and treatment 

outcome, even though they found that presence contributed to the experience of 

anxiety in the virtual environment (VE) and was related to the phobic elements in this 

environment. Furthermore, although Krijn, Emmelkamp, Olafsson and Biemond 

(2004) reported a significant difference between treatment drop-outs and completers 

on both presence and anxiety elicited in the VE, they found no treatment effects for 

those who experienced high presence VE (cave) versus those who experienced low 

presence VE (head mounted display). One possible conclusion suggested by these 

studies is that presence levels must be high enough to elicit anxiety, and maintain 

treatment adherence. However, beyond these minimal levels, further presence 

enhancement may not be necessary. 

Research on the variables necessary to induce presence has been inconclusive. It is 

both theoretically and practically important to determine the critical elements that 

contribute to the sense of presence in VR (Banos et al., 2004). This chapter will 

summarize the existing literature on presence. 

3   Variables Which Affect Presence 

Possible "candidates" that influence presence may be divided into three categories for 

ease of reference: technological variables (e.g. vividness of imagery), user variables 
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variables), and interaction variables (e.g. control over the environment) (Steuer, 1992). 

3.1   Technological Variables 

There appears to be some disagreement in the field as to how dissimilar from reality 

the VR environment may be, and still induce sufficient presence and success in 

therapy. In fact, "a person may experience a sense of virtual presence similar to the 

real world even when the virtual environment does not accurately or completely 

represent the real-world situation" (North, North, & Coble, 1996, pg. 161). 

In earlier studies (Wallach, Safir, & Bar-Zvi, 2009a; Wallach, Safir, & Bar-Zvi, 

2009b), subjects reported that VR environments containing elements discordant to 

their actual every day experiences, resulted in difficulties to immerse. Thus, we 

propose that VRE similarity to the real world is less important, than excluding 

discordant elements. People appear to be able to "fill in the gaps" in a VR 

environment, but may be unable to "erase" discordant elements. In a pilot study, 

Israeli combat soldiers, from different units, viewed the Virtual Iraq environment 

(Pair, et al., 2006). They tended to focus on discordant elements (difference in 

uniforms, weapons, vehicles, etc.) and were disturbed by them. Therefore, it is 

reasonable to hypothesize that presence is influenced by the existence of or lack of 

discordant elements in the VR environment. This is a novel question which we hope 

to examine in future research. 

Casati, and Pasquinelli, (2005) present a convincing argument as to the importance 

of taking psychological sensation/perception theories into account. "It is not the 

fidelity to the real model (the world) that makes the synthetic environment looking 

and feeling real, but the fidelity to the perceptual conditions involved in the mental 

construction of perceived objects. This fidelity could be attained by taking into 

account the specific sensorimotor determinants of visual perception, or some higher 

level features such as object files. The believability of synthetic objects depends on 

the adequacy of the reproduction of the relevant aspects of the perceptual mechanism 

involved, and not on the realism of the reproduction of the stimulus" (page 435). 

Therefore, if sensory input from the VE is discordant in different sensory modalities, 

lower presence will be experienced. 

Technological variables found to influence presence are vividness of imagery, 

consistency of sensory inputs, engagement of multiple senses, and obtrusiveness of 

medium. 

 

Vividness of imagery, consistency of sensory inputs and engaging multiple senses 

Vividness is defined as the degree of sensory richness in the Virtual Environment 

(Schubert, Friedman, &Regenbrecht, 2001). Sensorial breadth and sensorial depth of 

the stimuli are associated with vividness. These variables affect the involuntary 

attention the subject/client allocates to the virtual environment (Wirth et al., 2007). 

Sensorial breadth relates to the number of sensory dimensions that are presented 

simultaneously. As we have suggested, employing multiple sensory modalities 

increases presence (Schuemie, Van Der Straaten, Krijn& Van Der Mast, 2001). 

However, it is important that there is congruence between the different sensory 

modalities, otherwise using multiple modalities will result in less rather than more 
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presence (Wirth et al., 2007). Sensorial depth relates to the degree of resolution in 

each sensory dimension (Wirth et al., 2007). Many factors impact on sensorial depth: 

detail, continuous versus discontinuous movements, update rate of the program, and 

stereoscopy. On the other hand, field of view and illumination of the real environment 

seem not to impact on presence (Schubert et al., 2001; Schuemie, et al., 2001; Steuer, 

1992; Wirth et al., 2007). Vividness has been found to influence presence (Biocca, 

Kim, & Choi, 2001; Schubert, et al., 2001; Steuer, 1992). Sight is the most important 

in influencing presence of the various senses that are engaged. This may be due to the 

fact that our visual cortex comprises 70% of our cortex (Park, Cho Hong, Kim, & 

Han, 2003). 

 

Obtrusiveness of medium 

Presence is increased using a VR helmet when compared with viewing images on a 

flat two-dimension television screen (Wiederhold&Wiederhold, 2005). However, a 

VR helmet which is cumbersome or uncomfortable reduces presence (Held & 

Durlach, 1992 in Witmer and Singer, 1998). 

Two additional medium related variables that affect presence are transparency and 

continuity of the interface. Transparency is "the elimination of mediation: the lack of 

consciousnesses of the medium itself." Continuity is "lack of disruption during 

interaction. Disruption may occur when the user becomes overly aware of the medium 

and the physical interface." (Tang, Biocca, & Lim, 2004, pg. 1) 

3.2   User Variables 

User variables that have been found to influence the experience of presence in Virtual 

Reality include: personality variables, cognitive abilities, level of anxiety, ethnicity, 

and gender. 

 

Personality variables 

Several personality variables have been examined in relation to the experience of 

presence. Variables that were found to be unimportant in inducing presence are: 

neuroticism, reactivity to reward and punishment, sensation seeking (Laarni, Ravaja, 

Saari, & Hartmann, 2004) and the Big Five personality traits (Sacau, Laarni, Ravaja, 

& Hartmann, 2005). For example, employing Big Five, Sacau et al. (2005) predicted a 

correlation between openness to experience, agreeableness, and presence. They 

assumed that as creativity and a tendency to appreciate art is part of openness to 

experience, this would lead to an increased visual imaginative ability (which has an 

effect on presence). In addition, openness to experience is connected to absorption, 

which also is an important factor in presence. Thus, they assumed that obedience and 

trust, which are factors in agreeableness will increase presence, perhaps by 

neutralizing judgment. However, no correlation was found between openness to 

experience and presence, and the correlation between agreeableness and presence was 

very weak (O.17). Therefore, they concluded that the Big Five does not significantly 

impact on presence. Other variables for which the picture is unclear include: 

introversion and extraversion (LaarniRavaja, Saari, & Hartmann, 2004; Jurnet, Beciu, 

&Maldondo, 2005), absorption (Sas&O'hare, 2003; Murray, Fox, &Pettifier, 2007)  
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and self forgetfulness (Laarni et al., 2004; Ravaja et al., 2004). For example, Laarni, et al. 

(2004) found that extroverts experienced significantly more presence than introverts. 

They explain these results by claiming that extroverts are involved in more 

simultaneous external events than introverts Thus they assumed that extroverts have 

greater ability to process many simultaneous stimuli. However, Jurnet et al., (2005) 

reported an opposite correlation – introversion, and not extroversion, correlated with 

presence. It is unclear why these two studies produced such contradictory results. 

Six personality variables were found to have a clear association with presence. 

These variables are; empathy, imagination, immersive tendencies, dissociation 

tendencies, locus of control and cognitive style. Attachment was examined in one 

study and was found to be associated with presence. Sensory processing is currently 

under investigation in our lab. 
 

Empathy. Davis (1994) defines empathy as a set of constructs associated with 

responses of one individual to the experience of another. Empathy involves the ability 

to engage in the cognitive process of adopting another’s psychological point of view, 

together with the capacity to experience affective reactions observed in others’ 

experience. Nicovich, et al. (2005) assumed that empathy and presence use the same 

projective "tool set". They suggest that presence, like empathy, is a form of emotional 

projection. Thus, presence may be understood as an emotional connection to a place, 

as opposed to the cognitive recognition of being in a space. They propose that the 

emotional connection strengthens the bond between the subject and his/her virtual 

environment. 

Nicovich, Boller, & Cornwell, (2005) found that as one's empathic ability increases 

so does the ability to experience presence (R2=.134). Wickramasekera and Szlyk  

(2003) found a correlation between empathy and hypnotizability. Sas and O'hare 

(2003), using the Interpersonal Reactivity Index (Davis, 1980), found a significant 

correlation (.605) between empathy and presence among 15 subjects. As hypothesized, 

the Index's fantasy subscale had the highest correlation with presence (.753). In a 

previous study (Wallach, Safir and Samana, 2009), we found a significant positive 

correlation between empathy and presence among subjects who were active in the 

Virtual Environment. Empathy correlated with presence in a simple regression (.40), 

and was the most important factor in a multiple regression (β=.39). Thus, empathy 

seems to be an important factor influencing presence, at least among those who are 

active in the VE. 
 

Imagination. Mental imagery may be defined as an experience that significantly 

resembles perceptual experience, but which occurs in the absence of appropriate 

external stimuli for the relevant perception (Thomas, 1999). Sas and O'hare (2003) 

assumed that the ability to imagine, which was found to be related to hypnotizability 

(Laidlaw & Large, 1997) was related to ability to experience presence. Sas and O'hare 

(2003) examined the correlation between imagination and presence using Barber and 

Wilson's (1979) Creative Imagination Scale (CIS), a measure that assesses the ability to 

vividly imagine images and situations on demand. They reported a significant positive 

correlation (.721) between imagination and presence. In a previous study (Wallach, 

Safir, &Samana, 2009) a significant correlation between imagination and presence was  
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found only among subjects who were inactive in the VE and experienced a sensorial 

"deprived" VE. Based on Sas and O'hare’s findings (2003), we had also predicted a 

correlation among active subjects who experienced the VE’s full impact. However, one 

possible explanation of difference in outcome between these two studies may have 

resulted from the fact that the questionnaire they used is actually a measure of hypnotic 

susceptibility (Yu, 2005) rather than a measure of imaginative ability. Accepting Yu’s 

critique, we chose to employ a measure of imaginative ability (Sheehan, 1967). 

Therefore, our study is actually the first to examine the correlation between presence 

and imagination. In addition, Sas and O'Hare employed a relatively primitive virtual 

environment, whereas we employed an advanced technological environment. Therefore, 

in our study, imagination was not important for subjects who experienced the full 

impact of the VE. However, subjects who were inactive, thus experiencing an 

impoverished VE, resembled the subjects in Sas and O'Hare's (2003) study. 

As previously stated in the section on technological variables, vividness has an 

impact on presence. Thus when the VE is rich, imagination is less significant as the 

subject does not need to employ imagination to experience the environment as 

convincing. However, when there are technological limitations, as in Sas and O'Hare's 

(2003) study, or when, as in our study, subjects limit their utilization of the 

technological capabilities, sensorial depth of the stimuli is decreased (Steuer, 1992), 

and it is necessary to employ imagination to fill in what is missing (Jacobson, 2001). 

This is also in accord with both Wirth et al.'s (2007) claim that "…spatial imagination 

becomes more relevant if the mediated representation of the space is less intuitive and 

more fragmented" (p. 502) and Lee's (2004) claim that when an environment is poor 

in sensorial stimuli, imagination can simulate missing sensorial cues, thus creating a 

convincing sense of realism. However, it should be noted that these claims have not 

been experimentally tested in the context of VR. 
 

Immersive tendencies. Immersive tendencies is a theoretical construct that relates to 

the tendency to behave playfully and to become involved in a continuous stream of 

stimuli. Unlike presence, this is a trait. Immersive tendencies appear to be related to 

cognitive and behavioral elements such as concentration, imagination and self-control 

(Psotka& Davidson cited in Kaber, Draper & Usher, 2002). Individuals who are high 

on immersive tendencies are able to ignore external distractions and focus on their 

virtual experiences so that they are not aware of their immediate environment and the 

passage of time. Such individuals tend to be playful, spontaneous, creative and 

imaginative (Webster &Martocchio, 1992; Newman, 2005), and to feel as if they are 

within video games they play (Witmer& Singer, 1998). 

Witmer and Singer (1998) reported a significant positive correlation (.24) between 

immersive tendencies and presence. Johns et al. (2000) also reported a significant 

positive correlation (.86) between immersive tendencies and presence, but only within 

an environment that included factors that are thought to facilitate presence (for 

example: a multitude of sensorial information, adequate isolation from the outside 

world). Both Laarni, Ravaja, Kallinen, and Saari, (2005) and Laarni et al. (2004) 

using a different presence questionnaire found that immersive tendencies had a 

significant main effect in predicting presence. In a previous study (Wallach, Safir, & 

Samana, 2009), we also found a correlation between immersive tendencies and 

presence. However, although a correlation was found between immersive tendencies 
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and presence in a simple correlation, immersive tendencies failed to play a major role 

in the multiple regression analysis. This may have resulted from the strong correlation 

(r=.67) between empathy and immersive tendencies, rendering immersion unimportant 

beyond empathy. 
 

Dissociation tendencies. Dissociation may be defined as a disruption of the normally 

integrated functions of consciousness, memory, identity, or perception of the 

environment (Banos et al., 1999). Perhaps the ability to dissociate from the 

surroundings enables the person to "connect" to the virtual environment and thus 

experience presence. Banos et al., (2004) found a significant positive correlation 

between the tendency to dissociate and presence. However, this study is problematic 

as presence was measured by only one item. Murray et al., (2007), using a presence 

questionnaire that measures three aspects of presence also found a positive correlation 

(.308).. Murray et al.'s sample (2007) was composed of a non clinical pool of 

students. However, their average dissociation tendencies scores were high, equal to 

that of patient groups such as PTSD patients (Somer, Dolgin, &Saadon, 2001). 

Therefore Murray et al.'s results appear non representative of a normal population. In 

a previous study (Wallach, Safir, &Samana, 2009), we failed to find such a 

correlation. Thus, we hypothesize that only when dissociation tendencies levels are 

very high they correlate with presence. 
 

Locus of control. Locus of control refers to the degree to which subjects feel they 

control events in their own lives, or that such events are influenced by external forces, 

chance or luck (Rotter, 1966). Murray et al. (2007) claim that people who feel they 

lack control over the events in their lives (those with external locus of control), should 

report a higher sense of presence in the virtual environment. In contrast, Witmer and 

Singer (1998) claim that one experiences greater presence the more control one has 

over the virtual environment, or over interaction within it (i.e. internal locus of 

control). People who feel in control over events in their lives (internal locus of 

control) focus on elements they are able to control, in contrast with those who feel 

they lack control (external locus of control) who focus on elements they cannot 

control (Lefcourt, 1982). Witmer and Singer (1998) argued that "(a sense of) 

control… is essential for a strong sense of presence" (p. 239). Additionally, Hair, 

Renaud, and Ramsay (2007) found that a negative correlation exists between external 

locus of control and the ability to ignore distractions, an ability that is crucial in 

developing and maintaining presence (Wirth et al., 2007). Furthermore, Taylor, 

Schepers, and Crous (2006) found that the tendency to experience flow has a positive 

correlation with internal locus of control, while Jacobson (2002) stated that the feeling 

of presence can be conceptualized as a "flow experience". 

Murray et al., (2007) found a significant positive correlation (.218) between locus 

of control and presence. Wallach, Safir, &Samana, (2009) failed to find a significant 

correlation between locus of control and presence. However, locus of control was a 

significant predictive variable in the multiple regression analysis (β=-.25). In our 

multiple regression analysis, internal locus of control correlated positively with 

presence. These conflicting results may be explained by taking into account that our 

subjects scored significantly higher on the external scale than results reported in 

previous studies (e.g. Sun, 2005, Valecha&Ostrom, 1974). In addition, Murray et al. 
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(2007) used a brief presence questionnaire. The SUS includes only six items, none of 

which examine locus of control. 
 

Cognitive style. The term cognitive style refers to the unique way in which 

unconscious mental processes are used in approaching and/or accomplishing 

cognitive tasks (Sas&O'hare, 2003), and in processing and reasoning information 

(Sacau, et al., 2008). Cognitive style is a combination of mental abilities (Sacau, et al., 

2008). Sas and O'hare used Myers-Briggs Type Indicator (Myers &McCaulley, 1998) 

to assess the effect of cognitive style on presence. Both Feeling cognitive style and 

Sensitive cognitive style correlated with presence. Slater, Usoh and Steed (1994) 

examined the correlation between presence and the dominant representation among 

visual, auditory and kinesthetic systems. They found that both visual and kinesthetic 

dominance positively correlated with presence, while auditory dominance negatively 

correlated with presence. 

Field dependency is a cognitive style that relates to the degree that a person is affected 

by the context of the surrounding perceptual field. In the VE, field-independents 

selectively attended only to relevant cues and filled in gaps in information with previous 

knowledge. Thus, they are better at reorganizing and constructing the perceptual (VE) 

field. This should result in increased presence. Accordingly, Hecht and Reiner (2007) 

found that field dependency correlates negatively with presence. Perhaps this also is due 

to the high correlation between field dependency and simulator sickness and visual 

vertigo (Sacau et al., 2008). 
 

Attachment style. Attachment style is closely linked with reaction to threat 

(Ainsworth, Blehar, Waters, & Wall, 1978; Mikulincer& Florian, 2000; Wegner & 

Smart, 1997). Individuals with a secure attachment style show balance between 

exploration and closeness. They may move from their attachment figure without 

being anxious or concerned about availability in time of need. They trust their ability 

to regulate distress and thus permit themselves to be exposed to new and sometimes 

threatening information (Bowlby, 1973; Mikulincer, 1997; Simpson, Rholes, & 

Nelligan, 1992). Therefore, they feel free to explore and engage in a novel situation, 

and would be expected to experience heightened presence in a VRE. In contrast, 

insecure attachment may lead to overestimation of potentially threatening elements 

when exploring the environment. These individuals may develop serious doubts about 

their ability to handle such threats, and serious doubts about the availability of their 

secure base when exploration becomes threatening, resulting in difficulty in exploring 

the environment (Mikulincer& Florian, 1998; Mikulincer, Gillath, & Shaver, 2002). 

Thus, insecure individuals would be less able to explore and to engage in a novel 

situation, experiencing lower presence in a VRE than secure individuals. 

Attachment may be viewed as occurring along two continuous dimensions: anxiety 

and avoidance. The anxiety dimension reflects the degree of fear of being left without 

care and support of others, thus experiencing distress or anxiety. The avoidant 

dimension reflects the degree of lack of trust and emotional distance in interpersonal 

connections. Insecure attachment may result in high avoidance levels, high anxiety 

levels, or both. In times of stress, individuals high on avoidance remove themselves 

from the stressor cognitively or physically. Highly anxious individuals experience 

arousal of negative thoughts and emotions, and tend to focus on their distress. Those 
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high on both avoidance and anxiety will experience the greatest difficulties as they 

both approach and distance themselves. Therefore, we propose that securely attached 

individuals will experience the highest levels of presence, and anxious-ambivalent 

individuals will experience lower levels of presence than securely attached 

individuals because of arousal of negative thoughts and emotions. Anxiety, unlike 

avoidance, may increase presence by increasing alertness to the surroundings. 

Thatcher, James and Todd (2005) found that anxious people report high levels of 

immersion. Since dismissingavoidant individuals tend to remove themselves 

cognitively from new situations, we predicted that dismissing-avoidant individuals 

would experience lower levels of presence than anxious-ambivalent individuals. 

Finally, we predicted that fearful-avoidant individuals would experience the lowest 

levels of presence as they employ the most inadequate coping strategies. 

Up to present, we have conducted the only study examining the relationship 

between presence and attachment (Wallach, Safir, &Almog, 2009). We found a 

negative correlation between avoidance level and the IC scale (measuring control and 

involvement) of the presence questionnaire. The higher the individual’s score on the 

avoidance dimension, the less control and involvement he/she feels in the VRE. 

However, no significant correlation was found between anxiety and presence. When 

we examined the four attachment categories, we found a significant difference 

between them. If only the avoidant dimension was relevant, there would have been no 

difference between the anxious ambivalent and the secure groups or between the 

dismissive avoidant and the fearful avoidant groups. However, correlations between 

anxiety and presence were not significant. Perhaps our manipulation, a virtual flight 

experience, was not relevant or intense enough for significant differences to be found 

on the anxiety dimension. Also, unlike avoiders, who do not seek personal contact 

while dealing with discomfort but try to rely on themselves (Shaver &Mikulincer, 

2002), anxious people tend to request help and "cling" while distressed. Thus, it may 

be that the presence of the researcher in the room acted as a mediator for reduced 

anxiety. 

However, we did find that the level of presence was influenced by attachment 

category. As predicted, "secure" participants reported highest levels of presence, 

followed by "anxious-ambivalent", then "dismissive-avoidant". "Fearful avoidant" 

participants reported the lowest levels of presence in the VRE. 
 

Sensory processing. Just as the sensory characteristics of technology affect presence, 

the individual's sensory processing style affects it as well. Sensory processing relates 

to the way in which we interpret, organize, regulate and react to sensory stimulus 

(Royeen& Lane, 1991). Sensory processing has three components: 1. degree of 

attention we pay to the sensation; 2. regulation of the sensation; and 3. sensory 

integration, which affects the sensation and the response (Ayres, 1972). Sensory 

processing enables us to respond in an adaptive manner. Maladaptive processing can 

lead to difficulties in daily functioning, as well as inadequate interpersonal and 

cognitive development (Dunn, 1997; Tal-Saban, Yuchman, &Parush, 2002). People 

differ in the sensitivity of their sensory systems. Some are very sensitive and react to 

very low levels of stimuli (low threshold), while others need high levels of 

stimulation to detect stimulus (high threshold) (Knickerbocker, 1980; Wilbarger & 

Wilbarger, 1991). People react passively, accepting the stimuli they experience  
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(or lack of experience), or actively – avoiding it (if it is too high) or seeking it out (if 

it is too low). Dunn (1997, 2001) integrated the threshold with behavioral response 

and created a model with four types: 1. Poor registration – High threshold and passive 

response. These individuals often do not notice daily sensory events, for example - 

dirt on their hands. It is difficult to engage their attention. They react slowly to 

external stimuli, and for them to respond, a strong stimulus is necessary. Therefore, 

they will experience low levels of presence; 2. Sensory seeking – high threshold and 

active response. These individuals actively seek out stimuli. They crave intensive 

sensory experiences, often to the point of endangering themselves (Dunn, 1997; 

Miller, et al., 2007). Therefore, in a virtual environment that enables them to actively 

seek stimuli, they will experience high levels of presence, but in an environment that 

is limited in the level of stimuli, they will experience low levels of presence; 3. 

Sensory sensitivity – low threshold and passive response. These individuals are very 

sensitive to sensory stimuli, are easily distracted, and have difficulty concentrating. 

They are jumpy, nervous, anxious, and have a hard time calming down. They react 

negatively to sensory stimuli (Brown, et al., 2001; Dunn, 1997, 2001). High anxiety 

increases presence. Likewise their reactivity to stimuli should increase presence. 

Therefore, sensory sensitivity should correlate with increased presence; 4. Sensory 

avoiding – low threshold and active response. These individuals attempt to reduce 

their sensations by avoiding various activities, or by using daily rituals designed to 

reduce sensations by providing a familiar set of stimuli (Dunn, 1997, 2001; Miller, et 

al., 2007). In a virtual environment that enables them to avoid stimuli, they should 

experience low levels of presence, however, if they cannot avoid the stimuli in the 

environment, they will experience high levels of presence. 

Cognitive abilities. Cognitive abilities, such as performance on a cognitive task, require 

processing of information. It is probable that these abilities impact on presence. For 

example, memory and reasoning ability may increase comprehension of the plot of the 

media stimulus which may increase presence. Or, perhaps, strong spatial and 

psychomotor abilities render spatial scenes as more fluid thus increasing presence. 

Unfortunately, these hypotheses have not been empirically tested (Sacau, et al., 2008). 

Level of anxiety. Environments that induce an emotional reaction result in higher 

presence levels than neutral environments. Banos et al. (2004) found that subjects in a 

sad environment rated presence higher than subjects in a neutral environment. 

Similarly, we may expect that level of anxiety will increase presence experienced in 

the VRE. Riva, Mantovani, et. al. (2007) found that the feeling of presence was 

greater in "anxious" VRE's, than in "neutral" or "relaxing" VRE's, and that the level of 

anxiety during immersion was influenced by the level of presence. They manipulated 

the emotional content of the VRE using sound and music, shadows, lights and 

textures. 

Robillard, Bouchard, Fournier, and Renaud (2003) found that phobics reported 

higher presence ratings for a VRE that contained elements relevant to their phobia, 

than non phobic subjects. Bouchard, St.-Jacques, and Renaud (2005) found that snake 

phobics, who were informed that the environment will contain snakes reported higher 

presence ratings than those reported in a neutral environment. However, Bouchard  

et al. reported this correlation for verbal ratings of presence (on a one question rating 
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scale), whereas the neutral environment induced higher presence ratings than the 

"frightening" environment on the full presence questionnaire. This raises questions 

about the validity of various presence questionnaire ratings. Schubert, Friedman and 

Regenbrecth (1999), using a VRE to induce fear of heights, found a significant 

correlation between state anxiety (anxiety experienced during the immersion in the 

VRE) and presence in non-phobic participants, when they controlled for avoidance 

and trait anxiety. Similarly, Riva, et al. (2007) reported that the feeling of presence 

was greater in "anxious" VRE's, than in "neutral" or "relaxing" VRE's, as well as a 

correlation between level of anxiety during immersion and level of presence. They 

manipulated the emotional content of the VRE using sound and music, shadows, 

lights and textures. However, only one study examined the correlation between 

presence and both anxiety prior to immersion, as well as anxiety during immersion. 

Employing phobic subjects, Price and Anderson (2007) found that anxiety prior to 

immersion in the VRE increased presence ratings, which in turn increased the anxiety 

experienced in the VRE. They also found a significant correlation between the 

number of phobic elements in the VRE and presence ratings. 

These five studies demonstrate that individuals who experience high levels of 

anxiety (i.e. phobics) experience higher levels of presence than non phobic 

individuals, and they experience higher levels of presence in a VRE containing 

elements relevant to their phobia. Higher levels of presence are correlated with higher 

levels of anxiety in immersion in non-phobic participants as well. In addition, anxiety 

prior to immersion seems to increase presence ratings, which in turn, increases 

anxiety experienced during immersion. However, not all studies report these 

correlations. For example, Krijn, et al. (2004) measured level of anxiety during 

immersion for spider phobics and found no correlation between presence and anxiety. 

However, they did find that subjects who dropped out of the study experienced low 

levels of anxiety and presence. This may have resulted in the lack of statistical 

significance. An alternative explanation may be that a minimal level of presence is 

necessary to invoke anxiety, and beyond this, there is no correlation between presence 

and anxiety. We examined the correlation between attachment and presence and 

found that although there was a significant negative correlation between the 

avoidance dimension of attachment, and presence, we failed to find a significant 

correlation between the anxious dimension of attachment, and presence (Wallach, 

Safir, &Almog, 2009). However, the anxiety dimension of attachment relates to the 

degree the individual fears that s/he will not have the support of a significant other at 

times of discomfort or anxiety, and does not necessarily relate to general anxiety or 

phobic anxiety. 

Ethnicity and gender. Riva, Molinari and Vincelli (2003) suggest that "experiencing 

presence in a clinical VE (environment -authors' notation)…..requires more than 

reproduction of the physical features of external reality; it requires the creation and 

sharing of the cultural web that makes meaningful – and therefore visible – both 

people and objects populating the environment" (p. 97). 

Research has demonstrated a unique effect of ethnicity on individuals’ connection 

to computers or the internet. Three National Telecommunications and Information 

Administration (NTIA) reports (1995, 1999, 2000), based on Current Population is a  
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significant cultural factor, after controlling for income and education, in the digital 

divide. From extended focus group data, Wilhelm and Thierer (2000) also reported a 

significant unique ethnicity effect on the level of internet connections. Albarran and 

Umphrey (1994) and Subervi-Velez et al., (1994) also reported a unique ethnic effect 

on motivation for media usage. Newhagen (1994) and Children's Partnership (2000) 

report similar results for media effects. Albarran andUmphrey (1994) also reported 

the effect of ethnicity on program preferences. Ribisl, Winkleby, Fortmann& Flora 

(1998) found that ethnicity affects types of information sought through media use. 

Becker, Kosicki& Jones (1992) found effects on both evaluation of media content as 

well as on level of understanding of media system operation. Finally, Carroll et al. 

(1993) found a similar effect on level of active use. In a recent survey among Arabs in 

Middle-Eastern countries, 46% expressed concern that family and community life 

may be threatened by the Internet; 58% disagreed that computers are well-accepted in 

Arab society, a necessary component for the Internet; and 40% disagreed that the 

Internet would have a positive impact on Arab family and community ties (2003). 

VR entails the use of technology similar to internet. From these reports, we may 

assume that ethnicity may affect motivation to engage in VR, the ability to feel 

comfortable in VR immersion, and the degree of presence experienced in VR. We 

conducted a study in which we compared subjects from two different ethnic groups in 

Israel– Jewish and Arab. As it has been reported that Arabs are not comfortable with 

internet usage, we anticipated lower levels of presence for Arab when compared with 

Jewish subjects. Although we did not find a difference on our presence questionnaire, 

there was a significant difference between Jewish participants and Arab females in 

their behavior within the VRE. This resulted from the significantly higher percentage 

of Arab women who avoided viewing the virtual window. Turning one’s head and 

viewing the virtual window may be considered an objective measure of presence in 

comparison with the self report questionnaire (Almog, Wallach, &Safir, 2009). 

3.3   Interaction Variables 

Interactivity in the Virtual Environment is defined as the degree to which the 

environment allows the subject/client to influence the content or the design of the 

environment (Steuer, 1992). Interaction includes control over the environment and 

interactivity. Interaction is presumed to influence presence both directly and indirectly 

by focusing attention and increasing involvement (Van Der Straaten, 2000). Persky, et 

al. (2009) used VE in a learning task and found when students were able to actively 

control the environment, they reported higher levels of presence than when they 

passively experienced the VE. Groenegress, Thomsen, and Slater, (2009) propose that 

actual body movements performed while immersed in the VE increases the sense of 

presence. They entitled these movements "body-centered interaction". They found 

that this control is more important than the realistic depiction of the environment in a 

series of studies. Subjects, who were able to control an abstract form in the VE by 

using their voices, gave higher presence ratings than subjects in a conventional VE 

with limited control and interactivity. They concluded that "there appears to be a 

quality beyond the conventional "sense of being there" that relates not to the realism 

of the environment but to whether it responds realistically to a person's own actions" 

(pg. 430). 
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Movement in the VE is important over and beyond the control it affords. Riva 

(2009) states that an important dimension of presence is the perception of feasibility 

and possibility of motor actions in the VE "In other words, the subject is ‘‘present’’ in 

a space if he/she can act in it. Moreover, the subject is ‘‘present’’ in space––real or 

virtual––where he/she can act in it. Interestingly, what we need for presence are both 

the affordance for action (the possibility of acting) and its enaction (the possibility of 

successfully acting)." (page 161). Riva goes on to state that action is more important 

than perceptual aspects of the environment. Moreover, in his opinion, action is closely 

tied to intention. Therefore, since intention is individually defined, so too presence 

will vary between individuals in the same VE. A closely related issue is body 

engagement. Movement in the VE can be performed with a joystick or mouse, or 

actual body movements. When using body movements, the easiest to implement is 

"walking in place" as actual walking is difficult due to technological shortcomings 

such as tracker and hmd cable length. Usoh et al. (1999) found that actual walking 

induced higher levels of presence than walking in place. The latter was superior to 

moving a joystick or mouse. The importance of body engagement in inducing 

presence was replicated by Slater, Steed, McCarthy, &Maringelli, (1998) and by 

Slater and Steed (2000). 

A related issue is the degree of relevance of the VE. The VR environment is 

"generic" and therefore often lacking in personal links which are necessary to increase 

belief in the environment. This belief increases the feeling of presence (Wiederhold& 

Wiederhold, 2005). Riva (2006) stated that the more the environment has intellectual 

and/or emotional meaning, the more it will induce presence. This is further explicated 

by Hoffman, Prothero, Wells, &Groen, (1998) and by Kizony, Katz, and Weiss, 

(2003). Hoffman et al. (1998) found that chess players reported higher presence when 

the virtual chess pieces were placed in a meaningful way. Kizony, et al. (2003) found 

that scenes that were functionally relevant to rehabilitation patients (soccer, street 

crossing) produced higher levels of presence than scenes that were less relevant 

(snowboarding, birds and balls and shark bait). We propose that an additional method 

to increase meaning may  be to employ guided imagery prior to entering the VR 

environment. This guided imagery can contain personal references which will make 

the experience more personal. We are currently investigating this question in a 

research project. 

4   Summary 

An important personality variable that has not been discussed or previously addressed 

is expectations. Expectations have a powerful effect on treatment (Wallach, 2000; 

Zoellner, Feeny&Bittinger, 2009), so they may be important in inducing presence as 

well. Casati, and Pasquinelli, (2005) alluded to this when they discussed the motor 

and sensory expectations naturally evoked in a VE and the effect on presence of 

discordance between these expectations and the VE. However, we can manipulate 

expectations, by providing convincing rationales, to ensure that participants expect 

what they receive (Wallach, 1988). This is an important variable that has yet to be 

examined in the context of VR. 
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Although the picture is still not clear, we can start to sketch the optimal VR user 

profile. In terms of VRE: the environment need not be an accurate depiction of 

reality, however it should not contain discordant elements, it should be "believable". 

Using multiple sensory dimensions (which are congruent), detail, continuous 

movements, high update rate of the program and stereoscopy all add to the experience 

of presence. AVR HMD is superior to a flat TV screen, but only if the HMD is 

comfortable. Finally, it is important that the medium be as unobtrusive as possible. 

Regarding user variables, empathy, imagination, immersive tendencies, dissociation 

tendencies, locus of control and cognitive style have all been found to influence 

presence. Unfortunately, most studies examined these variables independently. When 

they have been combined in a multi variable design, we discovered that only locus of 

control and empathy remain influential when the VE is rich. Imagination is important in 

an impoverished environment. Perhaps, several variables correlate highly with one 

another, thus adding little to the prediction of presence. The degree of interactivity and 

movement the VE enables is closely linked to locus of control. Higher levels of control 

and movement have been found to increase presence. In addition, both attachment and 

cognitive style seem to influence presence. Sensory processing holds promise as an 

important additional variable. 

Finally, the more relevant the individual experiences the VE, the greater the 

participant experiences presence. Relevance can be influenced, for example, by 

employing anxiety relevant VEs for phobic participants, or a VE that is personally 

meaningful to the participant. 

In summary, it is necessary to conduct research that examines a multiplicity of 

variables jointly, in order to determine their interaction, what remain significant, and 

what "disappear". In addition, it is unclear how gender and culture influence 

responsivity to the VE. These important issues are only beginning to be studied. We 

suggest that as individuals from traditional societies have less technological exposure, 

and experience, they will be less comfortable in a VE and experience less presence, 

however this is a hypothesis to be further investigated. 
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Abstract. This chapter describes the research being done to create a healing cen-

ter for veterans of recent conflicts in the online virtual world Second Life.  This 

work, started in 2008 and funded by the US Army’s Research Office, is building a 

dedicated online virtual world space to provide not only social connectivity for 

widely dispersed veterans, but also to offer stress-reducing health care and activi-

ties, especially in the area of Complementary and Alternative Medicine. The  

social space is populated by several intelligent agent-avatars that serve various 

functions.  For example, there is a knowledgeable guide that can show people the 

various activities and spaces the site has to offer, find out and store a list of the 

visitors’ interests, and keep a record of what they have seen and done.  There are 

also intelligent agents who can provide guidance for certain activities such as 

walking a labyrinth, and a story activity called “The Warriors’ Journey.” Working 

with experts in Mindfulness-Based Stress Reduction (MBSR), we are implement-

ing MBSR therapy in this Second Life space for veterans.  These experts will run 

the in-world group sessions, inhabiting an avatar for this purpose.  Experiments 

with returning veterans are planned for 2010 that will test the efficacy of such 

therapies deployed in the virtual world.  We expect the use of virtual worlds for 

both group and individual therapies to increase in the future and this project is a 

first step in determining their viability. 

Keywords: Virtual Worlds, health care, CAM, online therapy, intelligent agents, 

AI agents. 

Disclaimer: The project or effort described here has been sponsored by the 

U.S. Army Research, Development, and Engineering Command (RDECOM).  

Statements and opinions expressed do not necessarily reflect the position or the 

policy of the United States Government.  

1   Introduction: Social Networks and Virtual Worlds 

The beginning of the 21st Century has fast become the age of web-based social net-
working.  Internet applications such as Facebook, MySpace, Twitter, forums, blogs 
and simple-to-set-up community websites are used daily by tens of millions of par-
ticipants across the globe. 
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In addition to the countless social networking applications on the Internet, online 
virtual worlds (VWs) have also seen a huge rise in popularity.  As contrasted to other 
online offerings, VWs are the most graphic, immersive, and in some ways the most 
personal, of all applications.  Virtual worlds are not new, with text-based examples 
dating back to the 1970s in the form of MOOs and MUDs.  Since the mid-1980s, 
however, such environments have advanced from early 2D to fully 3D forms, with 
rich graphical capabilities.  Today’s virtual worlds have unique properties in addition 
to being three-dimensional graphical spaces: they have persistence (the world contin-
ues to exist and change even when you are not there), they require representation by 
an avatar (usually of one’s choosing or design), and they feature highly immersive 
and interactive experiences (you can fully explore the 3D space).  

In 2003, a small team at Linden Lab in San Francisco built a new virtual world for 
consumers.  This one was a bit different than those that had gone before (e. g. Alpha 
World, Active World, Lucas Films’ Habitat World).  The Linden Lab world, called 
“Second Life,” was made in a way that allowed the participants themselves to design, 
create, and even own elements of the world. 

To use the Second Life virtual world, a person must download a software program 
called a “client” to their computer.  Running this client connects the user to a network 
of server machines run by Linden Lab.  Each server in the huge network grid (several 
thousand at the end of 2009) contains a piece of the virtual world expanse, and com-
municates to all the other servers to maintain a consistent state across the entirety of 
the world. 

1.1   Creating, Existing and Participating in the Virtual World 

Second Life contains in-world tools that allow players to build content, while certain 
assets such as textures, sounds and animations can be uploaded from other content 
creation programs, such as PhotoShop, Maya, or 3D StudioMax.  This content reflects 
the ways in which Second Life residents mold the world to their own goals and  
purposes. 

A distinctive characteristic of virtual worlds is that people inhabit them by taking 
the form of an avatar, a 3D representation of one’s “self.”  Thus, communication in 
the world is primarily via avatar-to-avatar interactions, which brings a rich social 
component that goes beyond other web-based social networking programs.  A new 
virtual world “resident,” as they are called, can choose an avatar from a default start-
ing set, but customization tools allow for modifying that avatar to a form more com-
patible with a person’s self image.  The tools available in Second Life are extremely 
flexible.  Users can change not only clothing, but also the shape of body parts, and 
can add attachments and animations as they desire.  People have created avatars that 
range from tiny furry creatures to fantastical forms such as dragons, fairies, genies 
and even a prehistoric mammoth.  It is also possible to map an actual photograph of 
one’s face onto a human avatar, thus creating a virtual look-a-like with which to in-
habit the world. 

With this avatar, a resident can participate in hundreds of activities.  In the early 
days of Second Life, people built houses, cars, tourist destinations and entertainment 
spots.  A popular activity was to dance in a nightclub, with special dance animations 
controlling one’s avatar.  Another early pursuit was virtual gambling – playing slot 
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machines by paying them with an in-world currency called Linden Dollars (L$). The 
odds were with the house, as they would be in a standard casino, but it was a good way 
to socialize and you could actually win a few L$ once in a while. (In-world gambling 
has since been disallowed due to legal issues.)  Besides the nightclubs and gambling, 
there was shopping (for virtual goods to wear and use), parties, musical performances, 
role-playing and casual games, and creating new forms of virtual art.   

Residents also formed groups as a means to define their use of the virtual world 
and find others with shared interests.  These groups range in size from a few people to 
literally thousands of members.  Some are for role-playing (Kingdom of Sand and 
Gorean medieval role-playing groups), some are to bring attention to certain activities 
(Virtual Artists Alliance, Merchant Theft Protection Group), some just for fun (Star 
Trek Aliens, SL Pirate Crew), and several are reflections of real world groups (Virtual 
Nurse Educators, Breast Cancer Awareness, Relay for Life, NASA).  In addition, 
more than 400 universities and colleges have some form of Second Life representa-
tion, with interests ranging from doing research to holding classes in-world. 

In recent years, groups in this last category have grown as academics began to see 
the potential of the virtual world.  Businesses tried to take advantage of its popularity, 
as well as entrepreneurs hoping to make some real money from those virtual dollars 
(L$ can actually be exchanged for real cash).  A very few succeeded, but most capital-
ists found it disappointing.  Second Life was a world looking for its purpose, and 
money-making ventures were not that purpose, for the most part. 

In 2007, the USC Annenberg School for Communication’s Network Culture Pro-
ject issued a challenge to residents: What can you do in the virtual world for the pub-
lic good?  [1] The group offered three L$300,000 prizes for development (in Linden 
Dollars) to the projects deemed to have the best potential for a SL experience to do 
real world good. 

One of the three winners was the Ability Commons group, whose stated purpose is 
to make: 

A virtual space dedicated to providing support for those living with dis-
abilities. The purpose of the project is to provide a space for educating 
people about a wide range of disabilities, and to provide a common safe 
space for discussion and socialization. [2] 

The roadmap for the Second Life virtual world was beginning to take a real world 
positive turn.  In 2008 Linden Lab itself initiated the Linden Prize, specifically to 
award an innovative in-world application that meets the following criteria: 

 

• Work in Second Life that also achieves tangible, compelling results outside 
of Second Life. 

• Distinctive, original work using Second Life that clearly demonstrates high 
quality, execution, function, aesthetics and technical sophistication. 

• Work that has the capacity for inspiring and influencing future development, 
knowledge, creativity, and collaboration both inside and outside of Second 
Life. [3]  
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The first year awardees, chosen from 230 entries, were Studio Wikitecture (a distrib-
uted architecture and urban planning team collaborating through SL) and the Virtual 
Ability group that had previously won the Annenberg prize. [4] 

A small team at the USC Institute for Creative Technologies (ICT) had been using 
the Second Life platform since 2005 as a freely accessible, powerful test bed to dem-
onstrate possibilities for sensor-driven feedback in a simulation environment.  This 
was possible because Second Life provides a custom scripting language that permits a 
range of expansions to the SL software client.  We at the ICT have built a simple Iraqi 
Village as a background environment for players to walk through.  If the participant’s 
arousal threshold, as measured by heart rate and skin conductance sensors, fell below 
a certain level indicating inattentiveness or boredom, some action would be triggered 
in the virtual world.  This could be a car explosion, or other arousal event. A reverse 
connection was also possible: being too aroused could set off other consequences. 

1.2   An Idea to Support a Need 

This project engendered a great deal of discussion within the team about other func-
tional designs that could be implemented in the virtual world, for example: making 
people relax, or helping them deal with stress, or giving them access to activities that 
they might not be able to do in real life. 

We talked about which population might be best served by these ideas.  ICT has 
received funding from the US Army and has developed many training simulations for 
them.  Therefore, we thought military personnel would be a group that could benefit 
greatly, especially soldiers returning from deployment.  We decided that we could 
harness the virtual world to create a place for veterans to get together and also access 
activities that would be beneficial to them.  This project was proposed to our Army 
sponsors as the Transitional Online Post-deployment Soldier Support in Virtual 
Worlds (TOPSS-VW), but is more colloquially known as Coming Home.  As the 
project proposal began to take shape over the summer of 2008, there was increasing 
media coverage and research about the needs of returning soldiers and the issues in-
volved with obtaining that help.  

A 2008 study by the Rand organization called Invisible Wounds of War [5] found 
that there were approximately 300,000 soldiers who had either psychological issues or 
some form of Traumatic Brain Injury (TBI) as a direct result of their military service.  
The Rand study noted that several gaps existed in the effort to get returning veterans 
health care for deployment-related psychological or brain injuries.  These include a 
lack of accessibility, shortages of therapists trained to understand the military mind-
set, and the sometimes difficult process of getting the priority needed to qualify for 
care through the Veterans’ Administration services.  Rand’s recommendations in-
cluded expanding treatment options beyond the VA system through private insurers 
and the government TRICARE system [6] while noting that the availability of mental 
health specialists varies considerably by region.  

In addition, recent studies by the Walter Reed Army Medical Center and the Army 
Research Institute (ARI) using the Post-Deployment Health Assessment and Reas-
sessment instruments (PDHA and PDHRA, respectively) found that soldiers often 
take six months or more after they return home to self-report mental health concerns. 
This signals that even if soldiers do not think they need help they may come to require 
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treatment at a later stage.  From a long-term longitudinal study published in the Jour-
nal of the American Medical Association: 

Soldiers indicated more mental health distress on the PDHRA than on the 
PDHA and were referred at higher rates […] mental health concerns also 
increased substantially, including PTSD (active, 11.8% to 16.7%; reserve, 
12.7% to 24.5%), depression (active, 4.7% to 10.3%; reserve, 3.8% to 
13.0%), and overall mental health risk (active, 17.0% to 27.1%; reserve, 
17.5% to 35.5%). [7] 

Perhaps the most challenging obstacles to minimize are the “considerable” military 
cultural barriers that stigmatize admitting one needs such help.  For many in the mili-
tary, stigma is the single biggest deterrent to getting necessary treatment.  Soldiers are 
inculcated with the need to be strong as an essential component of the warrior’s ethos.  
The 2008 Rand study notes that mental health disorders are often looked upon as a 
sign of weakness, not only throughout the military but in the civilian world as well.  
Admitting the need for help is often perceived as failure, and it may also cause con-
siderable damage to one’s military career.  

1.3   Benefits of the Virtual World 

We realized that key aspects of the virtual world could be very beneficial to address 
some of these issues, such as stigma, difficulty in getting to or sticking with treat-
ments, and finding others with similar interests despite being in remote or rural re-
gions of the country. 
 
Accessibility. Today’s returning soldiers are most likely geographically dispersed, 
which may make it difficult to get to centers where medical help is typically aggre-
gated.  In addition, a social support structure may be lacking, leaving veterans unable 
to socialize with comrades in person on a regular basis.  Psychological, physical or 
social factors can also prevent soldiers from attending live meetings, subsequently 
missing beneficial interactions with others.  Online shared virtual worlds, however, 
are easily accessed from any personal computer, and can support the formation of 
social networks, facilitate access to care, and provide social activities between sol-
diers where geography is no barrier.  It should be noted that soldiers are of the genera-
tion that is quite comfortable playing video games and using social networks, and 
they are therefore likely and willing to join online communities. 
 
Awareness. We believe that a social space where soldiers can access treatment in-
formation, resources, activities, and socialize with other post-deployment soldiers, 
may create an awareness of symptoms that are typical of stress and encourage them to 
access appropriate traditional therapies.  Specific resource areas can be made avail-
able within the virtual space dedicated to self-assessment and information about po-
tential therapies soldiers can obtain.  Such information might encourage them to seek 
out real-world treatment if and when they determine they need it. 

 
Stigma. Another powerful aspect of virtual worlds is that they can provide anonym-
ity, safekeeping one’s real identity.  When a player creates an account with their  
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avatar in Second Life, the system is set up so that they choose a fictitious name for 
that character.  While Linden Lab allows freedom in choosing the first name, the last 
name is selected from a provided list of sometimes colorful choices (e.g. Cupcake, 
Puddlegum, Calamity).  This system encourages a “new” name for the person while 
they inhabit the virtual world.  No one can know your real name unless you disclose it 
because the full details of account ownership are known only to Linden Lab. 

 
Groups. Another feature of SL is the ability to form groups themed around a particu-
lar idea, cause, or interest.  As the Coming Home Project idea was taking shape, the 
team did a search on SL groups to determine if there was anyone already providing 
care to veterans in the world.  We did not find any at that time, with most keywords 
turning up military-like role-playing groups.  We did discover one existing social 
group – the U. S. Military Veterans in Second Life.  This group comprises veterans 
from all conflicts and branches of the service, and was started by two real life veter-
ans named (in Second Life) Cowboy Wayne and Gwill Brickworks.  This group had 
300 members in the summer of 2008 and grew rapidly to more than 1000 members by 
late 2009. 

The group serves a strong social function, uniting veterans so they can feel confi-
dent that the people they are connecting to in the virtual world share the same world-
view, and understand the types of experiences they have encountered in their military 
service.  It also screens those who want to join the group to be sure they are veterans 
by having fellow members from their specific branch of the service interview them. 

2   Virtual Solutions to Health Care 

There has been increasing focus on innovative uses of technology to assist with treat-
ment methods, with many specifically targeted at military personnel.  For example, 
Virtual Reality Environments 1 that recreate the area of conflict with real time com-
puter graphics are being used to aid in imaginal therapy approaches.  This Virtual 
Reality Exposure Therapy (VRET) has been shown to be more effective than the 
standard approach of simply asking the patient to try to imagine the situation (some-
thing that their coping mechanisms tend to fight against). VRET ensures a graduated 
therapeutic approach by giving the therapist control over the timing and intensity of 
distressing triggers. [8, 9, 10, 11, 12] 

2.1   Designing the Veterans’ Healing Center  

The Coming Home Project was funded by the Army’s Research, Development, and 
Engineering Command (RDECOM) in the Fall of 2008.  Considering the myriad 
social affordances of SL, such as nightclubs and public gathering spots, we decided 
instead to create a calm, quiet, welcoming place for the veterans to gather. We used 

                                                           
1 Virtual Reality Environments (VREs) differ from Virtual Worlds (VWs) in several ways.  VREs 

are usually built for single purpose use and are not designed for social interaction.  They are also 
not persistent, but do allow events and other arousal triggers to be consistently controlled by the 
therapist utilizing them in a clinical setting.  VWs, by contrast, are more open-ended, persistent 
and notably social in nature. 
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the vacation destination of a Western lodge as inspiration for the design of the main 
building, and called it “Chicoma Lodge” after a mountain in the Southwestern United 
States known as a place of spiritual centering to the native populations.  Within the 
Lodge, a central “great hall” was built in a circular shape with comfortable seating 
around several fireplaces where avatars could sit while users converse or simply enjoy 
the space.  Two wings of the lodge were filled with interactive games such as pool, 
darts, arm wrestling and air hockey.  There is also music provided by a jukebox that 
streams radio stations, and a grand piano where one can sit and play music like a well-
trained music lover. 

 

 

Fig. 1. The great hall of Chicoma Lodge, built as the social hub of the veterans healing center 
in Second Life. 

The Chicoma Lodge is but one part of a complex of offerings in our space.  A pri-
mary focus for our veterans’ center is to make information available about disorders 
and their associated symptoms, and ways to try various types of therapies.  Rather 
than recreate the entire range of possibilities for therapy, we chose to include ones 
that were part of the Complementary and Alternative Medical (CAM) arena that focus 
on a holistic mind-body approach.  We chose this route for several reasons.  First of 
all, the military is open to CAM approaches in the real world, and have been offering 
activities such Yoga Nidra (a practice that leads to deep relaxation and better sleep) at 
Walter Reed Army Hospital, and other military medical facilities. [15]   Secondly, 
these approaches may be easier for the veterans to try, as they do not involve medica-
tions, or revealing information to a doctor.  And finally, CAM activities are often 
considered pleasant and relaxing to those who participate in them. 2 

                                                           
2 It should be noted that the efficacy of any therapies presented within a virtual world space, 

whether traditional or CAM-based, have yet to be studied and verified.  Because of this we 
chose to start with CAM techniques that have a body of real world evidence-based research 
supporting them. 
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2.2   Focus Therapies 

What exactly are CAM therapies and how can they be implemented in Second Life? 
These techniques are designed to promote an integrated approach to treating illness.  
They focus on providing intervention strategies that promote a person’s health 
through various relaxation techniques, self-reflection, and cognitive behavioral ther-
apy, as well as through body movement and alternative medical practices such as 
acupuncture. 

The National Institutes of Health (NIH) sponsors the National Center for Comple-
mentary and Alternative Medicine Research (NCCAM) to research the effectiveness 
of CAM treatments through evidence-based studies.  The main categories of CAM 
include whole body approaches, mind-body medicine, biologically based substances 
such as herbs and vitamins, body work such as massage, and energy therapies such as 
eastern movement activities. [14] The aim of CAM treatments is not to replace tradi-
tional clinical treatments, but instead to provide positive adjustments in a person’s life 
that may work in addition to any clinical intervention.  The use of CAM techniques 
has been recognized by the Department of Defense (DoD), which through the Defense 
Center of Excellence (DCoE) for Psychological Health (PH) and Traumatic Brain 
Injury (TBI) is currently studying the use of CAM in helping soldiers recover from 
the war. [15] 

The Second Life Coming Home center provides basic information about many 
CAM therapies and encourages soldiers to try them out, focusing on the mind-body 
and movement areas of CAM.  The first therapy we are implementing is Mindfulness-
Based Stress Reduction (MBSR).   This therapy was pioneered by John Kabat-Zinn 
and is a form of cognitive therapy that trains the mind to eschew judgmental thoughts 
and to accept each moment “as is”. [16]  It has been proven effective in stress reduc-
tion, chronic pain alleviation, and even remission of some physical diseases. [17, 18, 
19, 20, 21]  

Working with experts Dr. Steve Hickman and his colleague Rochelle Voth from 
the San Diego Mindfulness Center, we have begun to adapt this CAM technique to 
the virtual world.  We first held a real world workshop to bring all members of the 
team up to speed on the methodology of the technique.  Initial in-world sessions for 
veterans are planned for the near future that will be run by Drs. Hickman and Voth, 
each using an avatar through which they will lead the virtual world sessions, with 
veterans also represented by avatars. 

A typical MBSR routine involves an eight-week commitment.  The group meets 
once a week with the facilitators in person, and participants are then required to do 
MBSR exercises at home during the rest of the week.  In our case, the participants 
will be given space in the Second Life Coming Home center to both meet and to do 
their exercises.  Data logs will be collected from these group and individual sessions 
for several purposes.   They will be initially used to track how much time a veteran 
spends on the “homework” for the class.  The long-term goal is to use the data logs as 
the basis for a virtual human who can eventually run these homework sessions more 
interactively than the standard CD that is provided for this purpose. 

Once the initial sessions have been run in SL with a pilot group of veterans, we will 
run controlled evaluation studies to determine the level of efficacy this therapy provides.  
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These studies are being developed with Dr. Valerie Rice Chief, ARL-HRED AMEDD 
Field Office with the Wounded Warriors Program at Ft. Sam Houston, Texas. 

Any CAM activity implemented in the virtual world must be evaluated to assess its 
effectiveness in a controlled study.  Until this is done, we cannot be sure whether or 
not the activities are beneficial when delivered within the virtual world.  However, as 
noted, Mindfulness-Based Stress Reduction has a large body of evidence-based re-
search to show its effectiveness.  As it has been shown to be a valuable real world 
therapy, we can then judge its effectiveness in the virtual world with some degree of 
confidence. 

As we are able to show the effectiveness of the MBSR stress reduction techniques 
in the virtual world, we will explore other therapies that seem especially suited to this 
platform.  One promising technique is behavioral activation, which focuses on reduc-
ing avoidance-behavior activities by reinforcing activities the veteran finds pleasur-
able or rewarding. [22, 23] Others include movement-based activities such as Tai Chi 
and Yoga.   

2.3   Supporting Research for Virtual World Effectiveness   

One might question whether having an avatar perform the actions rather than a person 
doing them physically in real life would have any benefit whatsoever.  Yet there is a 
growing body of evidence that strongly indicates there is a beneficial effect in even 
simply watching one’s avatar do the required movements.  Several of these studies 
have been done in Stanford University’s Virtual Humans Interaction Lab headed by 
Jeremy Bailenson.  Early work by Bailenson and colleague Nick Yee defined what is 
termed “The Proteus Effect” whereby the appearance of one’s avatar actually influ-
ences the behaviors a person feels that avatar must exhibit in the world.  In their 
study, tall avatars perceived themselves to be more confident in the virtual world, and 
surprisingly, some of that confidence carried over into their real world demeanor. [24]   

A later study by Jessie Fox and Bailenson examined the real world effect incurred 
by simply watching one’s avatar exercise in the virtual world, a form of vicarious 
reinforcement. [25] Participants were divided into three groups.  One group watched 
an avatar that looked very much like their real self (accomplished by presenting an 
avatar with a video scan of each participant’s face) exercise vigorously in the virtual 
world.  The second group watched a generic avatar  (a virtual “other”) perform the 
same exercise.  The third group watched their look-a-like avatar do no exercise.  The 
researchers found that those in the first group were actually stimulated to exercise 
more in the real world over the next 24 hours (walking, climbing stairs, bicycling, 
aerobic exercise or sports).  Simply seeing a virtual “other” do the exercise was not 
sufficient to incur this effect.  The connection of the viewer to their avatar was key in 
this experiment.  Considering that avatars in Second Life are designed or customized 
by participants and used over a long period of time, a strong connection is often 
formed, and therefore a similar effect can be expected from vicarious activities in the 
Second Life environment even if the physical resemblance is not as pronounced. 

2.4   Other Activities and Intelligent Agents 

In addition to the CAM offerings in the Coming Home Center, we are populating the 
Second Life veterans’ space with a variety of interactions to make it an engaging and 
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interesting place to visit and hang out.  These include musical performances and other 
gatherings such as themed parties and contests.  We have several enrichment activities 
that might promote relaxation, though they are not backed up by evidence-based re-
search in the same way that MBSR is.   An example of this is a labyrinth that can be 
walked in the Second Life space.  We have designed this to be accompanied by an 
agent (a conversational avatar that is controlled by an Artificial Intelligence or AI 
program) who can be summoned to explain how people have traditionally utilized the 
labyrinth.  Unlike a real world labyrinth, a person walking the virtual labyrinth hears a 
tone at each turn taken and upon reaching the center is rewarded with a shower of 
golden particles. 

 

 

Fig. 2. A visitor encounters the storytelling agent in the Warriors’ Journey of the Cheyenne 
Dog Warrior. 

Storytelling. We have also built a Storytelling Tower that features classical Warriors’ 
Journeys from throughout history.  The individual warrior’s story is presented in sev-
eral illustrative panels adorning the interior walls of the tower. The visitor also hears 
ambient sounds and music and a voice-over narrating the story.  At the top of the 
tower the visitor meets an AI storytelling agent (a fully costumed 3D avatar), who 
finishes narrating the story, after which the visitor is informed that the storyteller may 
be asked any questions about his journey.  This is done via the in-world chat function, 
so questions are typed, and the responses come back as text messages from the story-
teller agent.  In this way the story of the warrior can become more relevant for the 
participant. 

Psychologists and other heath care professionals often use the power of narrative to 
aid in dealing with troubling situations or psychological issues. [26] Judith Norman 
states: “The benefit of telling and retelling stories of trauma reflects the constructivist 
literature indicating that the human mind makes every effort to establish personal 
meanings regarding circumstances and events.” [27: 308] 
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While the Warriors’ Journey activity is not a formal narrative therapy, it may serve 
to reinforce a positive self–image in the veteran who experiences it. A current real 
world project, called “Real Warriors” [28], is working with veterans to find positive 
growth in their combat experiences, and to share that growth with family, friends and 
colleagues.   

In year two of the Coming Home project, we plan to take the storytelling activity to 
a more personal level by encouraging the veterans to author their own Warriors’ Jour-
ney stories.  A second intelligent and more advanced story-agent will be created to 
work with the veterans, helping them to compose narratives from their real life ex-
periences, based on the story-related work of Dr. Andrew Gordon at the ICT. [29] 
This agent will listen for language of strength, survivorship, and resilience in a way 
similar to that of a social worker.  McMillen (1999) noted that through storytelling 
some patients have been able to identify “positive by-products” of traumatic experi-
ences by identifying personal strengths in themselves and others around them.  
Among these he includes: “increased self-efficacy, increased compassion through a 
sense of vulnerability, increased optimism or faith due to interpersonal support, stress 
inoculation or a sense of feeling stronger than others adding a perceived heightened 
ability to handle future stress or trauma, and finding meaning such as increased or 
new-found spirituality or settling on a new cause which often focuses on helping 
others.” [30] 

The Running Path. The virtual world does not have to be totally divorced from the 

real world.  People immersed in Second Life still utilize inputs like the keyboard and 

mouse for navigation and interaction.  Other inputs are also available, such as game 

controllers and more esoteric devices.  Using alternative inputs to the virtual world is 

challenging unless these devices are widely available.  For our activities, we decided 

to use real world inputs that could be easily accessed by most computer users, to 

maximize the coverage.  
In discussions with a military social work expert, we were informed that many sol-

diers really longed for their daily Physical Training, especially running, and were 
asked if we could implement this activity in Second Life.  Rather than simply create a 
path one could make their avatar run on by clicking the “up” arrow button (i.e. move 
forward), we chose to implement a new and potentially more helpful method to make 
one’s avatar run.  The connection in this case is a standard microphone and a little 
known function of the Linden scripting language that can recognize three levels of 
breath.  To activate the jogging activity, a veteran need only breathe into a micro-
phone in a regular, rhythmic pattern, matching their breath to a pulsing visual graphic 
on screen.3  This breathing is akin to that performed by yogic practice, which can 
produce very relaxed and meditative states.  As long as the person can maintain this 
type of breathing, their avatar jogs around the perimeter of the Second Life Island.  
This technique of requiring real world physical input to control an action in the virtual 
world (beyond keyboard/mouse control) is one that may provide positive physical 
benefits and is an area we will continue to explore. 

                                                           
3 To be clear, this breath is not meant to mimic the fast breathing of a runner who has been 

exerting himself, as this could lead to hyperventilation or dizziness if practiced by someone 
who is not physically exercising.   
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Fig. 3. and 4. An avatar “jogging” in SL, showing the red and green bars that indicate proper 
breathing rhythms, and a person using a microphone to accomplish this running. 

Helper Agents.  In addition to the agents connected to specific enrichment activities, 
there is an overall guide for the veterans’ island.  This guide greets each person when 
they arrive on the island.  If it is the visitor’s first time, he will offer to give them a 
walking tour of the space.  He can also ask a visitor about specific interests and an-
swer any questions the person may have about the center and its offerings.  He can 
teleport the person to a specific region or activity.  The guide remembers people he 
meets, and can store information about their questions and interests.  Additionally, 
this guide can offer to connect veterans with others from their units without revealing 
the real life identity of the Second Life resident (who is known in-world only by a 
pseudonym), based on information the veteran shares with the guide.  We plan to 
expand this guide to recognize trigger words that might indicate that a veteran is in a 
potentially dangerous psychological state, and alert a real world therapist.   

For the Mindfulness Based Stress Reduction sessions, we plan to record all the ac-
tivities of the group leader over several such sessions and use that information to 
create an intelligent agent that can perform some of the facilitator’s functions.  This 
will not take the place of the expert session leader, but will serve much the same func-
tion as the practice CDs usually given out for MBSR “homework,” with the advan-
tage of providing an interactive experience rather than being simple recitation.  The 
agent can also allow the therapist to track users’ at-home participation.  This will be 
done for any CAM activities we implement under the idea that an agent can not only 
serve as a homework aid, but can also gently remind someone to engage in the activ-
ity on their own. 

2.5   Expected Results 

The Coming Home veterans healing center project is currently starting its second year 
of funding and exploration. Pilot studies are now in process for studying the efficacy 
and usability of both the Running Path and the Storytelling Tower containing the 
Warriors’ Journey activities.  In addition we plan to roll out the Mindfulness Based 
Stress Reduction group sessions in the virtual world in the second quarter of 2010. 

The results of these studies will confirm or disprove our hypothesis that activities 
in the virtual world can produce real world benefits including both psychological and 
physiological improvements (regardless of the parallel real world analog).  We look 
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forward to reporting on the results of our experiments and expect that they will pre-
sent the virtual world of Second Life as a powerful, easily accessible tool that can be 
part of the health routine of soldiers and civilians alike.  It is our goal to have the 
Veterans Administration include such virtual therapies as an additional possibility for 
healing for those with psychological injuries from their military service. 

2.6   Other Health Examples from the Virtual World 

To date there are only a few notable examples of therapeutic practice in virtual worlds 
such as Second Life.  Richard Dillon, Senior Vice President of Planning and Devel-
opment at Preferred Family Healthcare in Missouri (Coughran Mayo in Second Life), 
has been running a program to help teens combat addictions by using an open source 
(“OpenSim”) version of Second Life for several years now.  This program provides 
each patient with a $500 laptop and instructions on how to use the software.  The 
laptops are equipped with a camera.  The kids do their “home assignments” in the 
virtual world and know that they can be watched so they are not tempted to let some-
one else stand in for them. 

Dillon reports: “The retention/participation rates are astounding.  Our retention rate 
is around 90.4% with 20 clients, compared to a 10.9% retention rate for the control 
group.  “Other measures, such as client/family satisfaction, behavior change etc. also 
seem to be at or above what we are experiencing with the control group.” [31, 32, 33]  
In the coming year Dillon’s group plans to admit new clients, train those who have 
gone through the program to be mentors, and increase role playing scenarios within 
the virtual world. 

Another group aimed at doing real world good in Second Life is the Virtual Abili-
ties group, founded by Alice Krueger (Gentle Heron in SL) and previously mentioned 
as the recipient of several prizes in the Second Life community.  This group provides 
experiences for people in Second Life that they might not be able to perform in the 
physical world.  In November 2009 they received funding from the Telemedicine and 
Advanced Technology Research Center (TATRC), part of the US Army Medical 
Research and Materiel Command’s (USAMRMC) to provide research into best prac-
tices for virtual world support that can benefit veterans who have experienced ampu-
tations due to their service.  The Amputee Virtual Environment Support Space 
(AVESS) looks to not only affordances of the virtual world that can provide quality of 
life experiences for the veterans, but also the role of peer support in these environ-
ments. [34]  

Peer support cannot be underestimated as a driving force in the virtual world do-
main.  Above all, VWs are social spaces, and the ability to reach out to a fellow vet-
eran in the world appeals, even if subconsciously, to those who often find themselves 
isolated or surrounded by people who have not shared combat experiences.   

3   Issues and Concerns 

Even though these worlds are primarily social in nature and offer great potential, there 
are still many challenges to successfully deploying assistive health regimens in the 
virtual world. 
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It is not clear what sorts of activities are most beneficial for the social group cohe-
sion that keeps a virtual worlds-based group active and effective to its members.  
Many of the dances, musical performances, and other activities are often poorly at-
tended.  Even when wildly popular, a region in Second Life is only capable of ac-
commodating about 40 avatars before the simulators that run the world begin to lag 
unacceptably.   A workaround for this is to have a meeting place at the junction of 
four regions, such that each section can have 40 avatars, allowing for 160 total.  Yet, 
attracting them is still more of an art than a predictable process.  Most invitations are 
delivered via an in-world note card.  If a person belongs to several groups (in SL the 
maximum is 25) then it is possible to get so many group invitations that they become 
mere noise or even an annoyance.  It is up to the group managers to find the optimum 
balance of information to value.  Especially with a group of over a thousand, informa-
tion sent in this way may not be relevant to all, but subgroups are not yet supported by 
Linden Lab. 

Kollock (1998) has examined the general features that lead to successful online 
communities, including 3D graphic virtual worlds.  He explains, “There is no algo-
rithm for community ... what makes for a successful online community is often poorly 
understood.” He goes on to note, “the tendency of those involved in building graphi-
cal virtual worlds is to create visually compelling worlds that look good, but do a poor 
job of fostering social interaction.” [35, 36] Simply believing that “if you build it, 
they will come” does not hold for the virtual world.  It takes a concerted and ongoing 
effort to bring people to your part of the virtual world.  There are thousands of things 
to do and people make choices based on decisions that may have nothing to do with 
being able to get help.  In fact, the myriad activities available in a virtual world may 
actually distract from exploring needed health options.  Techniques still need to be 
developed and codified to ensure that the correct population is being served and their 
needs are met. 

Secondly, the very thing that makes such worlds attractive – the anonymity that 
can mitigate stigma – may also lead to a lack of accountability for those who are in 
the VW.  There are no real world negative consequences for interrupting or not finish-
ing a treatment.  There may also be potential ethical concerns for the relationship 
between a therapist and a patient operating in virtual space.  Does the therapist have 
knowledge of the person’s true identity?  If not, what are the limits on their responsi-
bility to that patient?4  In addition, if in-world therapy is offered and utilized, what 
will it take for insurance companies, or institutions such as the Veterans Administra-
tion, to cover costs associated with such health care? 

                                                           
4 In a story related to the author by veterans in the Second Life veterans group, a fellow vet had 

one particularly rough night when he announced in SL that he was going to commit suicide.  
His colleagues did not know his real name or whereabouts.  The Linden Lab company, which 
does require this information when a person signs up for an account, was contacted.  The in-
world group members asked the company to alert emergency personnel near the veteran’s 
home address (that they had on file) without revealing any of that information to those re-
questing this action.  Linden Lab refused, citing their policy that such information was never 
given out under any circumstance.  To date, though, there have been no court cases that seek 
to clarify the responsibilities of either individuals or health care providers when it concerns 
life or death situations in a virtual world. 
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Data in the virtual world is not secure, so there is potential for anyone who tries 
hard enough to get hold of it for purposes other than that for which it was intended.  
New firewall technology has been made available in late 2009 by Linden Lab that 
might be able to make this less of an issue, but running behind a firewall means that 
the vast (unsecured) areas of the world are not available.  This is another challenge, 
among many, for widespread use of virtual worlds for health purposes. 

4   Conclusion 

We see the Coming Home project for veterans, and others like it, as the beginning of 
validation for the virtual world as a potentially powerful mechansim for therapeutic 
work and behavioral change.  We look forward to studies that can confirm what we 
hypothesize will be true: In a virtual world, we have an amazing tool that can be har-
nessed for good and that can provide positive results in therapies applied within its 
domain. 

Our work with actual veterans will be a pioneering step in this validation process.  
We can only hope it is the start of an exceptionally pertinent approach to therapy for 
the Internet savvy, socially connected generation of both military personnel and civil-
ians who find themselves in need of a helping hand. 
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Abstract. This chapter discusses the applications and solutions of emerging 

Virtual Reality (VR) and video games technologies in the healthcare sector, e.g. 

physical therapy for motor rehabilitation, exposure therapy for psychological 

phobias, and pain relief. Section 2 reviews state-of-the-art interactive devices 

used in current VR systems and high-end games such as sensor-based and  

camera-based tracking devices, data gloves, and haptic force feedback devices. 

Section 3 investigates recent advances and key concepts in games technology, 

including dynamic simulation, flow theory, adaptive games, and their possible 

implementation in serious games for healthcare. Various serious games are  

described in this section: some were designed and developed for specific 

healthcare purposes, e.g. BreakAway (2009)'s Free Dive, HopeLab (2006)’s 

Re-Mission, and Ma et al. (2007)’s VR game series, others were utilising off-

the-shelf games such as Nintendo Wii sports for physiotherapy. A couple of  

experiments of using VR systems and games for stroke rehabilitation are high-

lighted in section 4 as examples to showcase the benefits and impacts of these 

technologies to conventional clinic practice. Finally, section 5 points some fu-

ture directions of applying emerging games technologies in healthcare, such as 

augmented reality, Wii-mote motion control system, and even full body motion 

capture and controller free games technology demonstrated recently on E3 2009 

which have great potentials to treat motor disorders, combat obesity, and other 

healthcare applications. 

Keywords: Virtual Reality, video games technology, serious games in health-

care, adaptive games, flow experience, games-based therapy, dynamic simula-

tion, motor rehabilitation. 

1   Introduction 

Virtual reality (VR) or virtual environment (VE) can be defined as a computing tech-

nology that generates simulated or artificially three dimensional (3D) environment, 

which imitates reality (Sisto, Forrest & Glendinning, 2002c). VR presents a convincing 
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interface that allows the user to engage with the computer-generated environment in a 

naturalistic way (Schutheis & Rizzo, 2001). Through 3D computer graphics via ad-

vanced input and output devices, users believe they actually perceive sensory informa-

tion that is similar to that of the real world. In very simple terms, virtual reality can be 

defined as a synthetic or virtual environment which gives a person a sense of reality.  

It comprises a range of computer technologies that present information in a form that 

people perceive as similar to real world.  

VR system can be classified into three categories: immersive, semi-immersive and 

non-immersive. Immersive VR systems are properly the most widely known VR sys-

tems where the user either wears a Head-Mounted Display (HMD), or a Head-

Coupled Display (HCD), or uses some form of head display unit. Visual, auditory and 

tactile sensory aspects of the VE are delivered to the individual through visual display 

units and speakers within a HMD unit, data gloves or body suits. Additional move-

ment may be obtained using joystick, space ball, 3D mouse, other hand-held sensors, 

or cameras. 

In non-immersive VR, the user is placed in a 3D environment that can be directly 

manipulated with a conventional graphics workstation using a monitor, a keyboard 

and a mouse.  

A semi-immersive VR system comprises of a relatively high performance graphics 

computing system coupled with either a large screen monitor, or a large screen projector, 

or multiple television projection systems. Using a wide field of view, semi-immersive 

VR system provides a better feeling of immersion or presence than the non-immersive 

system. Readers are referred to Kalawsky (1996) for detail comparison of the three types 

of VR system. 

Two principal features of VR are (1) the user can control the viewpoint in the VE 

with six degree of freedom; and (2) the user can interact with objects within the VE 

(Wilson, 1997). When the user interacts with the VE through mouse, joystick, glove, 

or other input devices, the force or pressure, i.e. haptic feedback, will also be fed back 

to the user, hence the user can experience a sense of touching, including the weight, 

surface texture of the object (e.g. smooth, rough, soft, hard, sticky), and the force 

from the simulated environment, such as the gravity. These features have been very 

attractive to the digital entertainment, video games and the media industry. More re-

cently, VR technology has been applied to medicine and healthcare to improve patient 

treatment and care. For instance, Rose et al (1996) reviewed four areas in neurologi-

cal rehabilitation that VR could be applied to, i.e. assessment, training, interaction and 

enablement. In stroke rehabilitation, VR has been used as a rehabilitation intervention 

for both upper limb and lower limb. Rose et al (1998) evaluated the effectiveness of 

active participation versus passive observation of VEs in memory retaining after brain 

injury and the results showed significant improvement in spatial recognition tests in 

participants using VR. Readers are referred to Crosbie et al (Crosbie 2007) for a re-

view on applications of VR in stroke rehabilitation. VR applications have also been 

developed to improve the lives of children with disabilities. VR systems could help to 

minimise the effects of a disability, improve patients' quality of life, enhance social 

participation, and improve their life skills, mobility and cognitive abilities, while  
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providing a motivating and interesting experience for children with disabilities  

(McMomas 1998).  Sun & Zheng (2004) applied non-immersive VR in using a virtual 

intravascular endoscopy to assess the effect of suprarenal stent struts on the renal ar-

tery with ostial calcification. VR has also been applied in medical training, such as 

laparoscopic surgery training.  Cates (2007) suggested that VR simulation should be 

used in medical training to allow inexperienced physicians to acquire meaningful new 

procedural skills without jeopardizing patient safety in the process.  

In VR application for healthcare, VR technologies are aliased with other technolo-

gies. For instance, Jaffe et al. (2004) used an immersive VR system (HMD and a  

video camera) in conjunction with treadmill training, Crosbie et al. (1997) applied a 

non-immersive PC based VR system with a motion tracking system in the stroke  

rehabilitation interventions.  

In this chapter, we will first introduce VR devices in section 2. Section 3 will discuss 

the combination of VR and video games technologies and its applications in healthcare, 

focusing on dynamic simulation and using adaptive game play to keep players (patients) 

in the flow. Next, some experimental research and results are discussed in section 4, 

followed by the conclusions and the future directions of applying VR and video games 

technologies in healthcare, such as Augmented Reality (AR), full body motion capture 

and controller free games technology which have great potentials to treat motor skill 

disorders, combat obesity, and other healthcare applications. 

2   VR Devices 

An implementation of a VR application consists of a set of devices, such as com-

puters, gloves, haptics feedback devices, motion tracking devices and display devices 

(HMD, projectors, VR goggles or screens for examples). This section will describe 

some of state-of-the-art VR devices. 

2.1   Haptic Force Feedback Devices  

In VR, the user is able to interact with the objects in VE. The term haptic refers to 

sensing and manipulation through touch (Srinivasan & Basdogan, 1997). Haptic feed-

back is the use of sense of touch in a VR system to provide ‘real feeling’ to the user. 

Using haptic feedback, the user could sense the pressure or force when carrying out 

rehabilitation exercises or training tasks, such as moving a ball in a virtual room, the 

ball will stop moving when colliding with a virtual wall or the virtual roof; when the 

user moves the ball on different type of surface, the user can feel the difference be-

tween a smooth surface and a rough surface from haptic feedback. The first type of 

feedback is an example of force feedback and the second one is an example of tactile 

feedback.  

Haptic feedback has been incorporated in the development of haptic devices to  

improve the user’s interaction with the VE (Laycock & Day, 2003). Fig. 1 illustrates 

the processes associated with haptic rendering when the user manipulates a haptic  
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device. The following section reviews some of the haptic devices used in healthcare 

rehabilitation.    

 

Fig. 1. The processes associated in haptic rendering with a force display. The solid and dashed 

lines represent the process flow and information exchange respectively (reproduced from Srini-

vasan & Basdogan, 1997) 

One of the most popular haptic devices is PHANTOM (Personal Haptic Interface 

Mechanism) force feedback devices from Sensable Technologies. The PHAMTOM 

series have been widely used in VR applications, e.g. Steinberg et al. (2007) devel-

oped a haptic 3D dental training simulator and practitioners found its tactile sensation 

was realistic for teeth though not satisfactory for gingiva. PHANTOM Desktop or 

Omni devices offer affordable desktop solutions while the Premium models provide 

larger workspaces and higher forces. Fig. 2 illustrates the PHANTOM Desktop haptic 

feedback device. It consists of a kinematic framework with three rotational degrees of 

freedom, and a 3D force feedback workspace of 160Wx120Hx12D mm. The user 

interacts with the device by gripping a stylus attached to the distal point of the frame-

work. The range of motion aligns with the hand movement pivoting at wrist. It pro-

vided three dimensional position sensing, three dimensional force feedback and three 

dimensional stiffness feedback. PHANTOM Premium devices provide a workspace 

up to 838Wx584mmx406Dmm (Premium 3.0), 6 degrees of position sensing, and the 

range of movement can be full since movements are pivoting at shoulder (Premium 

3.0).  The device is nominally passive (i.e. it does not resist the motion of the user), 

but motors located on each of the joints can be selectively activated to convey the 

illusion of contact with a rigid surface.   
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Fig. 2. PHANTOM Haptic Devices, from http://www.sensable.com 

 

CyberGrasp system is another force feedback haptic option from Immersion’s  

CyberGlove device (www.immersion.com). It provides force feedback to both hand 

and fingers for the user to naturally interact with complex 3D VE, and to control end-

effectors in telerobotic applications that requiring a high level of dexterity. The  

CyberGrasp system (Fig. 3) includes three main components: CyberGlove (www. 

cyberglovesystems.com), position tracker and exoskeleton. The CyberGlove is the 

core of the system. It is used to measure the joint angles of the fingers, hand and 

wrist. The CyberGlove data is used to render a graphic hand on the screen or to con-

trol a telerobotic manipulator. The exoskeleton is in charge of providing force feed-

back to the user by restricting the finger movements. 

2.2   Tracking Devices 

Glove-Based Tracking Devices 
 

Since the late 1970s people have studied glove-based devices for analysis of hand 

gesture. Gove-based devices adopt sensors attached to a glove that transduces finger 

flexion and abduction into eletrical signals for determining the hand pose (Zhou, 

2004). 

The Dataglove (originally developed by VPL Research, the pioneer of virtual real-

ity technology and networked 3D graphics) is a neoprene fabric glove with two fiber 

optic loops on each finger. Each loop is dedicated to one knuckle and at one end of 

each loop is an LED and at the other end is a photosensor. The fiber optic cable has 

small cuts along its length. When the user bends a finger, light escapes from the fiber 

optic cable through these cuts. The amount of light reaching the photosensor is meas-

ured and converted into a measure of how much the finger is bent. The Dataglove 

requires recalibration for each user (Hsu, 1993). One potential problem is that if a 

user has extra large or small hands, the loops will not correspond very well to the ac-

tual knuckle position and the user will not be able to produce very accurate gestures 

(Aukstakalnis and Blatner 1992). 
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Fig. 3. The CyberGrasp system 

The CyberGlove system includes one CyberGlove (www.cyberglovesystems.com), its 

instrumentation unit, a serial cable to connect to a host computer, and an executable ver-

sion of the VirtualHand graphic hand model display and calibration software. To accom-

plish the measurement of the position and orientation of the forearm in the 3D space, the 

position tracker, which can be Polhemus Trackers (www.polhemus.com) or Ascension 

Trackers (www.ascension-tech.com) for example, measures the position and the rotation 

of the hand in the 3D space, is, mounted on the glove wristband. The CyberGlove has a 

software programmable switch and LED on the wristband to permit the system software 

developer to provide the CyberGlove wearer with additional input/output capability. The 

instrumentation unit provided a variety of convenient functions and features including 

time-stamp, CyberGlove status, external sampling synchronization and analog sensor 

outputs.  

Based on design of DataGlove, PowerGlove was developed by Abrams-Gentile En-

tertainment (AGE Inc.) (http://www.ageinc.com/tech/index.html) for Mattel through a 

licensing agreement with VPL Research. PowerGlove consists of a sturdy Lycra glove 

with flat plastic strain gauge fibers coated with conductive ink running up each finger; 

measures change in resistance during bending to measure the degree of flex for the fin-

ger as a whole. It employs ultrasonic system (back of glove) to track roll of hand (re-

ported in one of twelve possible roll positions), ultrasonic transmitters must be oriented 

toward the microphones to get accurate reading; pitching or yawing hand changes orien-

tation of transmitters and signal would be lost by the microphones; poor tracking 

mechanism. Whereas the Dataglove can detect yaw, pitch and roll, the PowerGlove can 

only detect roll, and provides 4D information, i.e. x, y, z and roll. 

Initial Sensors 

All body movements will have concurring accelerations and decelerations, which can 

be applied for movement tracking or detection. Micromachined inertial sensors, in-

cluding accelerometers and gyroscopes, are silicon-based sensors. They are small in 

size and can be worn on the body. The working principle of these sensors is based on 
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the measurement of inertia, and can be applied anywhere without a reference. Due to 

these advantages, an extensive amount of research has been carried out to evaluate 

their use for tracking human movement.  

Accelerometers are instruments that measure the applied acceleration acting along 

a sensitive axis. Conceptually, a single axis accelerometer consists of a mass, sus-

pended by a spring in housing. The mass is allowed to move in one direction and the 

displacement of the mass is a measure of the difference of acceleration and gravity 

along the sensitive axis given by the unit vector. To track human motion one is 

needed for each of the three planes of motion. A triaxial accelerometer (TA) can be 

constructed by mounting three such single axis accelerometers together or by using a 

single mass with three translational degrees of freedom. 

Measurement of human movement can be summarised into three types: inclination 

(angle to the vertical), orientation (relative angle of limbs or body) and ambulatory 

measurement (for example, monitoring activity, training of motor skills during daily 

life), the latter requires both measurement of inclination and orientation. Accelerome-

ters measure the gravity vector and the acceleration, and can not provide information 

about the rotation around the vertical and therefore do not give a complete description 

of orientation. Gyroscopes measure angular velocity and can be combined with accel-

erometers to estimate orientation. A combination of accelerometers and gyroscopes 

will then be an approach to obtain both inclination and orientation information. 

Typically, angular orientation of a body segment is determined by integrating the 

output from the angular rate sensors strapped onto the segment. A relatively small 

offset error on the gyroscope signal will introduce large integration errors. The mag-

netometer is an instrument for measuring the direction and/or intensity of magnetic 

fields. It is sensitive to the earth's magnetic field. It gives information about the head-

ing direction in order to correct drift of the gyroscope about the vertical axis. 

One example of the initial sensor is the Xsens MTx (Xsens Dynamics Technolo-

gies, Netherlands). It is a digital measurement unit that measures 3D rate-of-turn, ac-

celeration and earth-magnetic field. It provides real-time 3-D orientation data in the 

form of Euler angles and Quaternions, at frequencies up to 512 Hz and with an accu-

racy better than 1 degree RMS. An MTx miniature inertial orientation sensor, with 2g 

acceleration range and 900 deg/sec rate-of-turn range. Readers are referred to Zheng 

et al, 2005 for a detail review on inertial sensor technologies. 

Motion Tracking 

Human motion tracking systems generate real-time data that represent human move-

ment (Mulder, 1994). Sensors or markers are placed on the body to measure the dis-

tance to, or orientation or position of an external source. Alternatively, sensors or 

markers can be attached to anatomical landmarks on the body and used to calculate 

their relative positions in space. 

Motion tracking systems can be classified according to the position of the sensors 

and sources (Kalawsky et al. 1993), or according to the motion tracking techniques, 

such as electromagnetic position and orientation trackers, acoustic position and orien-

tation trackers, mechanical position and orientation trackers, electrostatic position  

and orientation trackers, and video and electro-optical tracking systems for example. 

Zhou et al (2004) suggested the following classifications: non-vision based system, 
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vision-based tracking systems with markers and vision-based tracking systems with-

out markers, and robotic-guided tracking systems . Examples of non-vision based 

systems include MTx, MotionStar (http://www.vrealities.com/motionstar.html), In-

terSense (www.intersense.com/), Polhemus and Glove-based devices. Systems such  

as Qualisys (http://www.qualisys.com/), VICON (http://www.vicon.com/), and CODA 

(www.codamotion.com/), are vision-based tracking systems with markers.   

All of the above commercial available systems require specialist setting, dedicated 

space and expensive equipments. They also restrict body movement to some degree.  

For example, robotic-guided tracking systems are limited in the range of human motion 

and, in particular walking or other transitional motion, Glove-based systems are disad-

vantaged by wires attached to each sensor. 3D optical tracking systems, such as Vicon 

or CODA, are being used for rehabilitation in clinical environments. They comprise one 

or more video cameras or sensor arrays, interface with PC and active or passive mark-

ers. The CODA system is pre-calibrated and uses active (light emitting) sensors (mark-

ers) that can be set up at a new location without recalibration. It can use up to six  

sensors units altogether and can track 360 degree movements. The VICON system uses 

multiple video cameras with passive markers and must be calibrated each time it is relo-

cated.  Both systems calculate the 3-D coordinates of each of the markers in real time. 

However, operation of the systems, mounting of markers and interpretation of the kine-

matic data requires bioengineering expertise and they are limited to a laboratory envi-

ronment and are not suitable for use at domestic home (Zheng et al, 2005). 

3   VR Games for Healthcare 

Games beyond entertainment have been explored in various application domains such 

as education and training for decades. Typical applications of VR and games technolo-

gies in health care include therapy, pain relief (Sharar et al. 2008), surgical procedures 

(e.g. pre-operative planning, intra- and post-operative applications, augmented surgery, 

and remote surgery), patient education, medical training, skill enhancement and reha-

bilitation (Ma and Bechkoum, 2008), etc. To date, such applications have improved the 

quality of healthcare, the quality of life of patient, accessibility to healthcare, and reduce 

the cost of healthcare. 

3.1   Dynamic Simulation 

Dynamic simulation, a.k.a. physically-based simulation, is an important feature in 

VR. It creates realistic motions of virtual objects based on the laws of Newton’s laws 

of motion. The behaviour of virtual objects and their responses to external force and 

torque are simulated in a physically realistic manner. Physics simulation models ob-

jects with physical properties, such as mass, inertia, barycentre, joint constrains, resti-

tution and surface friction — it can make objects in virtual worlds not only look real 

but act real. Typical dynamic simulation includes collision detection (and response) 

and the simulation of gravity, friction force, and kinematics in motor actions. Physics 

can be applied to rigid bodies or deformable bodies such as human tissues. Rigid body 

dynamics plays an important role in motor rehabilitation and is especially needed 

when dexterous manipulation of virtual objects is concerned.  
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Originated in engineering simulation and high-end video games, it has been re-

cently introduced to VR systems in healthcare. For instance, the advantage of using 

VR in clinical settings of motor rehabilitation is that by virtue of its programmability, 

environments and the type and difficulty of tasks can be modified according to the 

user's capacities and therapeutic goals. Dynamic simulation provides more flexibility 

on experiment configuration in which not only object positions, orientations, and size 

can be modified but also gravity, restitution, force and torque damper, and joint con-

strains can be reliably modified, thereby creating a very individualised set of rehabili-

tation tasks which would be impossible to achieve with the user’s residual motor con-

trol in the physical world. These tasks can then be reliably recreated over a period of 

several weeks or months and participant’s outcome can be assessed. The addition of 

dynamic simulation to the VR therapy can increase patients’ experience of immersion 

in virtual environments, which may in turn increase engagement and activity enjoy-

ment and thereby improve clinical outcome. 

The quality of dynamic simulation that is required in a VR system is application 

specific. In the cognitive and affective domains of learning where the focus of train-

ing is more on attitudes such as using VR therapy for treating phobia, high physical 

fidelity is not always required. However, in medical simulation such as surgical pro-

cedures, high quality physical fidelity, such as using haptic feedback to provide accu-

rate feeling of tissue characteristics, is so important that without it the skills acquired 

in the virtual world may not transfer to the real one or the operation may fail. In the 

motor rehabilitation domain, previous research suggests that physics fidelity may be 

important for motor rehabilitation. Viau et al. (2004)) compared movement kinemat-

ics of identical tasks of reaching, grasping, transporting, placing and releasing a ball 

in a real and a virtual environment. Their results showed that there is a slight change 

in motor patterns when grasping and placing a ball in the two reality conditions for 

both healthy subjects and hemiparesis patients with motor deficits, which was mainly 

due to lack of collision handling in the virtual environment. The results suggest that 

dynamic simulation in VR rehabilitation may reduce the difference of movement 

strategies in the virtual and real world, which may be an important factor in the trans-

ferability of virtual skills to the real world. 

Dynamic simulation in serious games for healthcare can be implemented using 

state-of-the-art game engines, either commercial engines like Havok Physics and 

Emergent Game Technologies’ Gamebryo or open source engines such as OGRE and 

ODE. Notably, many commercial game engines, e.g. Ageia PhysX, Epic’s Unreal 

Engine and Unity Technologies’ Unity engine, provide free licenses for educational, 

non-commercial applications, or for independent developers (i.e. Indie games). These 

tools have been prosperously adopted in indie games industry recently, and they pro-

vide great low-cost solutions for serious game developers as well. 

3.2   Serious Games for Healthcare 

The recent emergence of serious games as a branch of the digital games field has in-

troduced the concept of games designed for a serious purpose other than pure enter-

tainment. Health care is a major application domain for serious games. To date the 

application of serious games to health care, such as PlayStation 2’s EyeToy, Ges-

tureTek’s Irex system, and Nintendo Wii, has primarily been used as a tool that gives 
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players a novel way to interact with games in order to promote physical activities. 

Many studies have identified the benefits of using serious games in rehabilitation and 

therapy. Since games technology is inexpensive, widely available, fun and entertain-

ing people of all ages, if combine with conventional healthcare it could provide a 

powerful means of encouraging patients more effectively. 

It has been suggested that playing games can improve neuromotor coordination, 

and VR-based games have been designed to engage patients' active participation in 

motor learning and to treat sensori-motor deficits (Huang et al. 2006). For instance, 

Ma and Bechkoum (2008) described a series of VR games for bilateral upper limb 

training for stroke patients: catch-the-orange game, shield-ball game, fishing game, 

and whack-a-mouse game. Fig. 4 shows a screenshot of the fishing game and a photo 

of a user playing the game. In this game, the player is in a under water world using 

his/her hands catch fish which are swimming randomly in the water. The player can 

see the  virtual representation of his/her hands on the screen or through a HMD. The  

 

 

Fig. 4. The fishing game screenshot and interface (Ma and Bechkoum, 2008) 
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hand movement is captured through a sensor attached on each hand. When both hands 

collide with a fish, the fish does a little struggling, i.e. wagging its tail drastically on 

the spot which is implemented by speeding up the speed of swim animation whereas 

not changing position, and regarded as caught. It then disappears and the number of 

fish caught is incremented on the Head-Up-Display (HUD). If only one hand collides 

with a fish, it swims away and escapes. All fish swim in a random manner. If two fish 

collide with each other, one of them will swim away and the other continue its move-

ment. There are simple Artificial Intelligence (AI) built in the fish object. 

The gravity in this under-water virtual environment is also set to zero to free the 

fish. The size of target area in the 3D space, the size of the fish and their swimming 

speed, and the size of the virtual hands can all be adjusted to suit individual partici-

pant's needs or his/her in-game performance. 

VR games have also been explored recently as a non-pharmacologic pain relief 

techniques for treating treating burn patients (Sharar et al. 2008) due to the intense  

cognitive distraction they provide. The experiments suggest that immersive VR games 

are logistically feasible, safe and effective in ameliorating the pain and anxiety ex-

perienced in various settings of pain.  

In addition, the technique is applicable to a wide age range of patients and is par-

ticularly well-adapted for use in children (Gershon et al. 2004). BreakAway's Free 

Dive (Emergent, 2009) is one in the growing wave of video games designed for pedi-

atric pain management. It is a VR undersea exploration adventure game that invites 

players to swim with sea turtles and tropical fish as they hunt for hidden treasure. Ho-

peLab's Re-Mission (HopeLab, 2006)—a third-person shooter that stars a cell-blasting 

nanomachine and features a voyage-like plot—was designed for educating young 

cancer patients. The game cleverly provides information about various kinds of can-

cer and the medicine used to fight it. Studies have proven its efficacy in educating the 

youngsters who play. The game was tested via a randomised trial on 375 patients, 

both male and female aged between 13 and 29 (Kato, 2008). The results showed a 

significant increase in quality of life, self efficiency cancer related knowledge for 

adolescents and young adults with cancer. Patients in the intervention group showed 

lighter serum levels of chemotherapy and higher rate of utilisation of antibiotics, sug-

gesting an increased adherence to cancer chemotherapy regimens. The participants in 

the game intevention group also went through their treatment with a better knowledge 

and understanding of cancer and related therapies.  

Off-the-shelf console games such as Nintendo Wii sports (boxing, tennis, bowling, 

and golf etc.) have being used for rehabilitation of patients with cerebral palsy 

(Deutsch, 2008) and hemiplegia to to aid their recovery and regaining strength and 

ability through repetitive physical exercises. Wii's intuitive control design allows for 

control through natural movements without restriction of sensors and cables. Wii 

sports and Wii Fit are currently being used in rehabilitation therapy for patients un-

dergoing treatment following stroke, traumatic brain injury, spinal injury, and combat 

injury. The Hines Veterans affairs hospital in Chicago even installed a Wii game sta-

tion in their spiral injury unit to assist physical rehabilitation following various surgi-

cal procedures. Previous research on the console (Kerrigan et al. 2008) has demon-

strated that Wii’s active gameplay is an effective tool for physical exercise, and that 

Wii games are more useful in limb extension exercises and in burning calories. 



180 M. Ma and H. Zheng 

Emotional and psychological impact of game play can be immense. VR games 

have also been used to support the social-emotional development of teenagers with 

autism spectrum disorders (Khandaker, 2009) and to treat different types of psycho-

logical phobias, e.g. spider phobia, social phobia/public speaking anxiety, fear of 

driving/flying, agoraphobia, and other mental health problems (Gregg and Tarrier, 

2007). 

3.3   Flow and Its Application to Serious Games 

Understanding how people engage in video games has implications for the develop-

ment of effective serious games. Flow is a term that has been coined (Csikszentmiha-

lyi and Csikszentmihalyi, 1988) to define the experience of becoming engaged in  

activities in which challenges and skills are progressively balanced. When challenges 

and skills are out of balance, people feel overwhelmed—the challenges exceed the 

individual’s skills—which results in anxiety and stress; and when the challenges do 

not engage an individual’s skills he feels underwhelmed and becomes bored. 

With increasingly realistic graphics and intrigue story lines, the flow theory has 

been applied to video games (Charles et al., 2005 and Gregory, 2008) and game de-

signers have been implementing flow in games to reach a larger demographics. Greg-

ory (2008) summarised that the flow experience in gaming can be achieved through 

well-designed game mechanics and interactivity: 

• Clear goals—the player is aware of what he or she wants to do. At any mo-

ment of the game play, the player should have a clear goal which might be  

short-term or long-term. 

• Immediate feedback—the player knows how well he or she is doing at any 

moment. Cause and effect are reasonable and obvious. Every action the play-

er performs has immediate feedback, preferably multimodal feedback. 

• Challenges match skills—the skill level of a player is in balance with the 

tasks 

• Deep concentration—the player focuses all attention on the task at hand and 

is able to dismiss irrelevant stimuli that may interfere with concentration. 

• Control is possible—a feeling of mastery is gained 

• Self-consciousness disappears—the player feels able to transcend the limits 

of the ego 

• The sense of time is altered—the gamer either loses track of time or time 

seems to pass with rapidity 

• The activity is intrinsically rewarding—the experience is worth engaging  for 

its own sake 

 

Among these, challenge-match-skill is especially critical for games for healthcare and 

rehabilitation purposes. Ideally, rehabilitation should be targeted to the individual 

needs of patients. Patients have a wide range of abilities and tasks which are impossi-

ble for some can be trivial for others. It is usual to tailor a rehabilitation session to  
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individual patients according to the type of injury, their capabilities, and therapeutic 

goals.  Typically this is done by assessing the patient in a number of standardised tests 

prior to the rehabilitation session.  The therapist can then create a suitably challenging 

set of exercises for the patient. A key principle in rehabilitation is matching therapeu-

tic tasks to the patients’ abilities in order to enable them to improve residual capabili-

ties without causing fatigue and frustration. This is a time-consuming part of the  

physiotherapist’s duties, as constant monitoring is required to ensure the tasks remain 

adequately challenging throughout the sessions, which typically last for several 

weeks. 

The key issue to implement challenge-match-skill and to achieve the flow experience 

of gameplay is adaptivity. This is also another advantage of games for healthcare, no 

matter it is a VR game or 2D flash game. Taking motor rehabilitation as an example, the 

VE and training tasks are easily customized and the system can assess the motor func-

tion recovery of users and adjust level of difficulty to users' performance.  

Adaptation is one technique that VR therapy systems and games can exploit to 

benefit a group of users with a wide range of abilities. In order to maintain patient mo-

tivation, rehabilitation tasks should be set at an appropriate level of challenge. Also,  

for the patient to stay engaged in the process, he or she should experience a feeling of 

immersion in the virtual environment. Charles et al. (2005) applied the flow theory to 

adaptive game design, and they suggested that the game should find a balance between 

the annoyance of an activity that is perceived as trivial and the frustration of one that  

is perceived as too difficult. This is even more important in the context of VR rehabili-

tation due to the repetitive nature of the exercises and the limitations of the players 

(patients). 

In post-stroke rehabilitation, a physiotherapist will typically design motor therapy 

exercises for a stroke patient based on a number of factors, such as the patient's age, 

gender, culture background, usual handedness, and his or her medical condition  

(e.g., time since stroke, left or right hemiplegia and cognitive, sensory, and motor 

abilities based on standardised tests like the Line Cancellation Test). Not only the 

difficulty level of the exercises but also the body parts activated during the task may 

be adapted to individual patient's needs. For example, tasks may be developed to train 

a specific movement such as wrist extension in order to increase range of motion  

or endurance of the wrist joint. This data, taken together, forms an individual patient 

profile which can then be used to initially configure the system to present a suitably 

challenging, individualised rehabilitation session. Various elements of the simulation 

can be customised according to the user profile. These include the number and type 

of objects, their sizes, speed, mass, distance from the patient, distance of object 

transportation etc.   

Additionally, data collected during the game session can be used to further improve 

the patient experience. Such in-session data (e.g., the time taken to perform a task or 

achieve a goal in a game, the accuracy rate or stimuli-response time) can be used to 

evaluate the initial configuration of the system. If tasks are not being successfully com-

pleted then the objects or game elements in the simulation should be reconfigured to 

make them easier. Objects can be made larger (easier to grasp), for example, or moved 

closer to the patient (easier to reach).  Alternatively, if activities are being completed  
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much too quickly it may be that the activity is too easy for the patient, and correspond-

ing changes can be made to make the task more challenging.   

The ability to dynamically adjust the difficulty of the simulation is a key benefit 

since in addition to offering a tailored solution which suits the patient's individual 

needs it also decreases the dependence on human therapists to monitor and provide 

similar solutions.  

3.4   Train a User by Modeling Him—User Profiling 

User profiling, initiated from online commerce (such as cookies and user profiles in 

tracking technology) to build records over time and to assess user preferences, has 

also been used in serious games and VR rehabilitation systems. Depends on the pur-

pose of a system, the parameters in a user profile vary. Many of them require assess-

ing the users. 

In our motor rehabiliation VR system (Ma et al. 2007), we have constructed a pa-

tient model using traditional symbolic classifiers based on patients' age, time since 

stroke, left or right hemiplegia, impairment and functional measurement, and hemis-

patial neglect. Table 1 below shows the profile of three patients participating in the 

case study. For each patient, three Motricity Index (MI) [9] and Action Research Arm 

Test (ARAT) [10] scores are given, representing their status before training, post 

training, and 6 weeks after training. Patients 1 and 3 have no hemispatial neglect, 

while patient 2 has a mild deficit.  

In the Catch-the-orange game we had developed, the player holds a basket with ei-

ther one hand (for unilateral upper limb training) or two hands (for bilateral training) 

to catch falling oranges which fall from random positions on trees onto a target area 

(Fig. 5A). The position and orientation of the virtual basket are controlled by a sensor 

attached on a real basket, which the user holds with one hand or both hands (Fig. 5B). 

If the patient tilts the basket, he or she may not able to catch the oranges and the ones 

already in the basket may fall to the ground. The target area on the x-z plane, the fal-

ling speed of oranges (controlled by simulating gravity in the virtual environment), 

the time between oranges falling and the size of oranges and the basket can all be ad-

justed to suit individual patient's skills. All sensor data is recorded to disk, allowing 

post-therapy visualisation of the trajectories and analysis of joint angles, velocity, 

acceleration and range of movement. 

Table 1. Examples of patient profiling: Motricity Index [9] is for impairment measurement, and 

Action Research Arm Test (ARAT) [10] is for functional measurement 

 Patient  #1 Patient  #2 Patient  #3 

Age 76 62 42 

Gender M F M 

Years since stroke 4 4 1 

Usual handedness R R R 

Left/Right hemiplegia L L L 

Motricity Index 77,77,81 62,73,77 77,79,77 

ARAT 3,6,11 4,11,19 54,53,54 

Hemispatial neglect None Left-sided None 
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A. a screenshot of the game 

 

B. A user playing the game 

Fig. 5. The Catch-the-orange game 

In the Catch-the-orange game, the sense of depth is enhanced through the use of 

depth cues such as shadows, perspective, relative motion, occlusion, and most effec-

tive of all, a transparent vertical stripe of each orange which is still in the air (Fig. 

5A). An experiment showed that using the depth cue of transparent vertical stripe 

improved the sense of depth perception in the user. 

The game provides immediate feedback via a Head-Up-Display (HUD) at the  

upper right corner of the screen, showing information such as player’s name, number 

of caught oranges, number of miss, success rate and a time bar. A statistics window 

(Fig. 6) also shows score etc. when the game ends. 
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Fig. 6. The Game over statistics window 

Fig. 7 shows another serious game for bilateral training. In this game the player 

holds a virtual shield with either one hand or two (for bilateral upper limb training) 

to fend off iron balls which are shot from the opposite castle with a random initial 

positions originating from an x-y plane and with an initial +z force (towards the 

player) which influences the speed of the ball movement. The position/orientation 

of the virtual shield is controlled by a sensor attached on a real object (we used a 

tray in our lab), which the user holds with one hand or both hands (Fig. 7B). This 

game requires less depth cues than the Catch-the-orange game since the player’s 

movements are expected to be in the x-y plane. We adjust the alpha blend of the 

shield’s texture map to make the player to be able to see-through the virtual shield 

and hence to see the iron balls occluded by the shield. The gravity in this game is 

set to zero to avoid the balls reach the ground before they reach the player. The  

target area on the x-y plane, the size of the iron balls and their speed (controlled  

by the initial thrust on +z direction), the time between two shoots and the size of  

the virtual shield can all be adjusted to suit individual patient's skills or in-game 

performance. 

The above VR games have two levels of difficulty. The first level is non-adaptive. 

All game parameters are set by the operator, or loaded from a previous session, or set 

by a computer program based on the patient profile. The configuration dialogue is 

shown in Fig. 8. Level two is adaptive. The game adapts its difficulty depending on 

the player’s in-game performance, for example, in the fishing game if the average 

time (seconds) for a player to catch one fish is less than a threshold, which means the 

game is too easy for him/her, the fish will become smaller and swim faster, and the 

virtual hands may become smaller too. 
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A. a screenshot of the game 

B. a user playing the game 

Fig. 7. The shield-ball game 

4   Experiments and Results of Using VR in Stroke Rehabilitation 

In the UK, stroke is the most significant cause of adult disability. Reports (DoH, 

2000) showed that six months after stroke, 49% of patients need help with bathing, 

31% of patients need help with dressing and 33% of patients need help with feeding. 

Research suggests that intensive and repetitive training may be necessary to modify 

neural organization (Miltner et al. 1999, Rossini et al. 2003). Stroke rehabilitation is 

one of the most prosperous research areas in healthcare where VR and games tech-

nologies have been applied to create new tools for intervention and influenced our 

current practice in post-stroke physiotherapy. 
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Fig. 8. The configuration dialogue of the fishing game 

4.1   SMART Rehabilitation 

Being the third biggest killer and the leading cause of severe disability in the UK, 

there is an increasing demand of providing stroke rehabilitation to improve the condi-

tions and quality of life for stroke survivors. Repeat interventions are important to 

maintain and regain limb functions for people after stroke. However, inpatient reha-

bilitation length of stay for patients with stroke is decreasing in the UK, with limited 

outpatient rehabilitation. Therefore, there is a need to develop a low-cost, accessible, 

home-based rehabilitation system for post stroke users.  

The SMART (www.thesmartconsortium.org) project, entitled ‘SMART rehabilita-

tion: technological applications for use in the home with stroke patients’, was funded 

under the EQUAL (extend quality of life) initiative of the UK Engineering and Physi-

cal Sciences Research Council (EPSRC). The project aims to examine the scope, ef-

fectiveness and appropriateness of systems to support home-based rehabilitation for 

older people and their carers.  

The SMART rehabilitation system consists of three components, namely (i) motion 

tracking unit, (ii) base station unit and (iii) web-server unit. The motion tracking unit 

consists of two MTx inertial sensors which are attached to the patient’s arm to track 

the movement during activities such as drinking or reaching. The MTxs record the 

movement information (positions and angles) of three joints, i.e. wrist, elbow and 

shoulder and then send wirelessly to the base station (PC) via a waist worn digital 

data box, “XBus”, for further processing by the decision support platform.  The 

measurement of the 3D position and rotation of the user’s arm by the motion tracking 

unit is rendered to generate the movement of a avatar’s rehabilitation exercises in a 

3D environment. The 3D rendering is applied to a virtual head and arm. In order to 

provide a reference for patients, stored target movement templates (3D renderings) 

are available which can be overlaid or mirrored on the screen to help the patient repli-

cate the best movement. Fig. 9 shows two types of methods used in presenting the 3D  
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information, one displays exercise movement and the target template movement in 

two separate windows; and the other displays them in the same window with the tem-

plate movement as a ghost layer. Through preference settings, users are able to choose 

either mode. When the user carries out the rehabilitation interventions, such as drink-

ing, reaching, the arm movement will be rendered in the 3D environment and com-

pared to a virtual ‘model’ movement. Readers are referred to Zheng et al (2006, 2007) 

for detail description of the SMART rehabilitation system. 
 

 

 
 

Fig. 9. 3D repesentation of a user avatar and target movement template in the Smart rehabilitation 

system (Zheng et al 2006) 

4.2   VR Game Intervention for Movement Therapy 

Ma et al. (2007) carried out an experiment on the VR game intervention described in 

section 3. Eight participants who suffer from post-stroke upper limb motor disorders 

participated the study (Table 2). A patient model was constructed for each participant, 

using traditional symbolic classifiers based on their age, time since stroke, left/right 

hemiplegia, impairment and functional measurement. They were 4 men and 4 women, 

mean age in years = 56.4±4.3 (standard deviation). All participants had a first hemi-

spheric stroke, and all were right-handed. The mean time since stroke until beginning 

of the VR intervention was 10.7 months. 4 participants suffer from right hemiplegia 

and 4 from left hemiplegia. 

The participants were divided into two groups. Participants S, J, F, R (group A) re-

ceived both functional training (i.e. the users were asked to perform functional tasks 

such as reaching and grasping) and serious games intervention (i.e. the users were 

asked to play the VR games described in section 3), whereas participants P, B, E, C 

(group B) received functional training only.  

Each participant attended ten supervised sessions. Three clinical assessments were 

performed for each participant before training, post training, and 6 weeks after train-

ing using Motricity Index (MI) and Action Research Arm Test (ARAT) scores. 
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Table 2. User profiles of the participants 

Paticipants Age Gender Mths since 
stroke 

Usual handedness L/R 
hemiplegia

MI ARAT 

S 49 Male 6 Right Right 92,100,100 54,54,57 

J 49 Female 6 Right Right 73,77,73 45,54,50 

F 66 Female 12 Right Left 71,77,71 32,35,35 

R 74 Male 8 Right Left 100,100,10

0 

57,57,57 

P 45 Female 23 Right Right 77,77,77 57,57,57 

B 75 Male 12 Right Right 77,85,100 54,55,57 

E 69 Female 11 Right Left 84,84,84 57,57,57 

C 43 Male 10 Right Left 77,79,77 54,53,54 

 

Most participants showed improvement in short term, i.e. comparing post training 

scores to pre-training scores: MI(2)-MI(1) and ARAT(2)-ARAT(1)
1
. However, for 

some the intervention hasn’t shown long-term clinical benefits, i.e. comparing scores 

at 6-week after intervention to pre-intervention scores: MI(3)-MI(1) and ARAT(3)-

ARAT(1). 

Since the sample sizes were small, a paired t-Test on each group and all partici-

pants was conducted to compare the effect of games intervention (Group A) with that 

of functional training (Group B). Three paired t_Test values (of group A, group B, 

and all participants) between MI(1) and MI(2) values were calculated, indicating the 

probability associated with participants' MI(1) and MI(2) scores with a one-tailed 

distribution, if the null hypothesis is true. 

The results show that the probability of observing the improvement between MI(2) 

and MI(1) in Group A is 0.038997, in Group B is 0.13916, and for all participants is 

0.012807. Therefore, the data support that all participants had significant improve-

ment immediately after intervention (because 0.012807 is a very small probability and 

the null hypothesis is refuted), and that the intervention on Group A was more effec-

tive than the intervention on Group B (because 0.038997 is much smaller than 

0.13916). Similar results were observed with the paired t-Test on each group associ-

ated with participants' ARAT(1) and ARAT(2) scores. Hence, the serious games in-

tervention did have an impact on the recovery of movement. 

Data analysis on tracking individual patient's in-game performance in the games 

also support the findings. Take participant J and F as examples, look at their im-

provements on ARAT and MI scores and game performance in the adaptive whack-

amouse game. Both participants’ game performance improves significantly over the 

sessions in terms of their reaction speed, i.e. how many seconds it took them to hit a 

mouse and how many seconds a mouse stays still.  

Having plotted their speed and interval on charts, we see exponential trend of their 

speed and intervals during the sessions, with the square of correlation coefficient 

around 0.8. Both parents show a significant improvement on speed of movement and 

response time. Correlating their game performance and their improvement in the real 

world in term of MI and ARAT scores, we find that the VR-based motor therapy  

                                                           
1 MI(1) indicates the MI score before training, MI(2) indicates the MI score after training, 

MI(3) indicates the MI score 6 weeks after training. Same for ARAT scores. 
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using both functional training and serious games was more effective than using func-

tional training solely, in terms of improving motor functions shortly after completion 

of the intervention and it may bring long term benefits as well. For the experiment 

details and data analysis of this study, please see Ma and Bechkoum (2008). 

Serious games therefore appear to have potential to become a useful tool for 

movement therapy, as well as virtual reality technology. 

5   Conclusions and Future Work 

This chapter has shown how VR and video games technologies can contribute to 

healthcare by providing motivating, realistic, and adaptive simulations. The integra-

tion of VR simulation with serious games adds richness to the virtual environment 

which has been proved to be motivational and beneficial in healthcare. Previous re-

sults of user trials and experiments, for instance, in physiotherapy, are very positive, 

showing VR and games intervention had an impact on the recovery of movement both 

in the real world impairment and functional measurements and in-game performance, 

with patients reporting that they enjoy playing the games.  

Although the current state-of-the-art of VR and serious games in healthcare is a 

decade behind the digital entertainment industry, i.e. video games and 3D movies, the 

technological developments in today's games industry show some of the future direc-

tions of applying these technologies in medicine and healthcare, such as augmented 

reality, Wii-mote motion control, and even full body motion capture and controller 

free games technology demonstrated recently on E3 2009 which have great potentials 

to treat motor skill disorders, combat obesity, and other healthcare applications. 
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Abstract. Computer simulations are gaining interest from researchers and 

therapists involved in stroke rehabilitation because they offer a means to monitor 

user activity and replicate tasks within safe and controlled environments. We 

developed a virtual environment (VE) to simulate the potentially hazardous task 

of making a hot drink. A three dimensional representation of a kitchen, including 

objects and utensils, was displayed on a computer screen and controlled through a 

touch screen interface. We also developed a user interface that employed real, 

physical kitchen objects, adapted in order to provide the computer with spatial and 

orientation data through a combination of motion sensors and a computer vision 

system. This tactile interface technology is known as a tangible user interface 

(TUI) and together with a VE comprises a mixed reality (MR) system. The MR 

system described here enabled users to perform naturalistic upper limb 

movements in order to interact with the task simulation. In this chapter we explain 

how the VE and MR systems were developed through a user-centred design 

process that involved the participation of consultants, clinicians and stroke 

survivors. Case examples of feasibility and evaluation studies using both the VE 

and MR systems are presented and discussed. Recommendations for the design 

and development of MR systems specifically for stroke rehabilitation are 

included.  

Keywords: Stroke rehabilitation, virtual environment, mixed reality. 

1   Introduction 

A stroke is a debilitating disease that is characterised by a sudden disruption to normal 
blood supply in the brain. The focal destruction of brain cells leads to impairment  
of cognitive processes. Under these circumstances performing activities of everyday 
living such as preparing a hot drink or a meal can be challenging and potentially 
dangerous. Sequential tasks can be demanding for people with short term memory 
impairments and handling vessels that contain hot liquids or using kitchen appliances 
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present obvious hazards [1]. In the hospital setting simulated tasks may be used as  
a means for the stroke survivor to practise everyday skills but the opportunity to do this  
is restricted by the availability of human and physical resources. Computer supported 
simulations are becoming of increasing interest in this scenario because they can monitor 
task performance and provide the user with constructive feedback. The problems of 
encouraging naturalistic upper limb movement and offering realistic physical force 
feedback are not addressed by computer software simulations alone [2]. This led us to 
consider designing a novel tactile user interface to address these issues. 

This chapter is about the design and development of a computer simulation that 
was designed to enable stroke survivors to practise a potentially hazardous activity in 
a safe and controlled environment. The unique aspect of this project was the user 
interface, which was designed to provide tactile sensation and to promote naturalistic 
upper limb movement. By using a combination of motion sensors and a computer 
vision system, real kitchen objects were digitally connected to a laptop computer so 
that the user’s actions were constantly monitored and assessed. User errors were 
detected by software algorithms that calculated the most suitable actions for a given 
situation. In such instances the user’s input was automatically paused while the 
correct action was explained and demonstrated using a computer generated three 
dimensional simulation of the kitchen. The interface described above is referred to as 
a tangible user interface (TUI). The virtual environment (VE) and the TUI together 
form a mixed reality system (MR). 

The first part of this chapter is an introduction to stroke and this includes a stroke 
rehabilitation model that was employed in the design of our mixed reality system. We 
review the literature with respect to the emerging field of virtual reality applied to 
rehabilitation and present a case for the involvement of users in the design of these 
systems. The subsequent sections of this chapter present the design, development and 
evaluation of the virtual environment and the complete mixed reality system. We 
explain how the tangible user interface was constructed and tested, and we present a 
study in which stroke survivors used the mixed reality system in a hospital stroke unit. 
These studies have enabled us to propose recommendations and guidance for the 
future development of mixed reality systems specifically applied to post-stroke 
rehabilitation. These are presented in the discussion. 

1.1   Stroke 

The major causes of stroke are cerebral thrombosis, cerebral embolus or cerebral 
haemorrhage [3]. The effects of stroke are observed as an interruption to a combination 
of normal cognitive and physical processes, for example short term memory loss. Stroke 
can affect any person of any age however the World Health Organisation’s Multinational 
Monitoring of Trends and Determinants in Cardiovascular Disease (MONICA) project 
found that the incidence of stroke increases sharply with age [4]. Although stroke is now 
amongst the top three causes of death globally, along with cancer and coronary heart 
disease, the survival rate is improving. Kwan [5] reports that 130,000 people suffer a 
stroke each year in the UK, of which approximately two thirds will survive to the end of 
the first year. Of the survivors, 40% will be disabled in some way. For those individuals 
with a predicted outcome of recovery, early rehabilitation is generally accepted as good 
practice [6]. 
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The role of stroke rehabilitation is to improve the quality of life of the stroke 
survivor by increasing ability to participate in useful activities. Two contrasting 
approaches to enabling participation are referred to as ‘adaptive’ rehabilitation and 
‘restorative’ rehabilitation [7]. Adaptive rehabilitation is the modification of the 
environment around the patient, using adjustments to existing equipment and facilities 
to assist the patient in their activities. It is considered appropriate for a progressive 
illness (for example dementia) in which recovery is unlikely [7],[8]. Restorative 
rehabilitation aims to improve quality of life and participation in activities by 
improving the patient’s function. It is appropriate for strokes where restoration of 
function is a realistic outcome [7]. 

 

 
 

Fig. 1. A model of restorative rehabilitation 

 
A study by Trombly and Hui-ing Ma [9] found that participation by patients in 

activities of daily living (ADLs) improved significantly for those patients who 
received training compared to subjects in a control group. They conclude that “task 
specific practise on activities [that] clients identify as important to them may be 
accepted cautiously as best practise”. 

Executive function is the mental process involved in planning and organising 
actions and behaviours. Many every day activities such as cooking and shopping 
require the application of executive function. Edmans et al. [10] propose that it is 
deficits in executive function more than any other cognitive processes that determine 
the extent of social and vocational recovery. 

Instrumental Activities of Daily Living (IADLs) are ADL activities that are 
involved in maintaining independence and include using a telephone, shopping, food 
preparation and housekeeping [11]. Performance in IADLs is commonly used an 
indicator of ability to live independently in the community [12]. 
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Carr and Shepherd [13] recommend that rehabilitation therapy should be aimed at 
familiar and useful task specific activity. Therapy aimed at specific muscles rather 
than useful tasks may improve muscular strength where this has been reduced due to 
inactivity, but the movements that have been relearned in this manner may not be 
particularly useful to everyday living because they may not be relevant in the context 
of a useful task. 

1.2   Applications of Virtual Reality for Rehabilitation and Therapy 

Virtual reality has been shown to have potential application for treating a variety of 

conditions including autism, phobias and physical disability. People who have 

difficulty making a decision or coping with a social situation in the real world are 

being given the opportunity to practise these skills in a simulated interactive 

environment. Virtual environments for use by children with autism have been the 

focus of works by Trepagnier et al. [14] and Andersson et al. [15]. Adults with social 

anxiety disorder used a virtual reality system developed by Grillon et al., [16] in order 

to gain confidence. Virtual reality has also been used to treat agoraphobia and 

arachnophobia [17], [18].  Virtual reality has been used to facilitate restoration of 

upper limb motor function following a stroke [19], [20], [21]. 

Home based rehabilitation is an emerging application of VR technology which is 

beginning to show promise. Advances in interaction and remote sensing have enabled 

researchers to study the way in which people interact with technologies that can be 

installed in the home setting. This has the potential to enable people in rehabilitation 

to continue their treatment at home under remote observation and supervision [22],[ 

23], [24]. 

Devices have recently emerged into mainstream technology that are changing the 

way we interact with virtual environments. The Nintendo Wii™ is an example of a 

household product that has recently shifted the boundaries of the gaming console 

interface from the common user input methods (joystick, keyboard, tethered handset) to 

a wireless interface in which physical movements made by the user are used to control 

the gaming program [25],[26]. The Sony EyeToy™ has been used in rehabilitation as a 

means of capturing the user’s image in real-time and merging it with virtual objects in 

an interactive virtual environment as a form of augmented virtuality [27],[ 28]. 

Virtual reality has also been used to support the rehabilitation of people with 

traumatic brain injury by enabling them to practise activities of everyday living. 

Preparing a meal or a hot drink in a computer simulation of a kitchen has been the 

focus of studies conducted by Zhang et al. [29], Christiansen et al. [30], and Edmans 

et al. [31]. Comparison of patient assessment scores between real and simulated tasks 

has established that assessment in the virtual environment can show adequate validity 

and reliability. Thus virtual reality offers the prospect of simulating tasks that can be 

used to support stroke rehabilitation in safe and controlled environments. Rizzo and 

Buckwalter summarise the potential benefits of virtual reality for stroke rehabilitation 

(see table1). 
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Table 1. Benefits of virtual reality for stroke rehabilitation. Adapted from Rizzo and Buckwalter 
[32] 

 

Tasks can be administered within an ecologically valid setting. 
The learner can make mistakes in safety.  
Structured and timely support and feedback can be provided. 
The environment can be controlled. 
Varied levels of stimulus and feedback are possible. 
Learning can take place in stages. 
Errorless learning can be facilitated through cueing. 
Tasks can be repeated.  
The interface and presentation can be modified to suit the users impairments. 

 
Although it could be argued that many of the above can be applied to different 

forms of computer mediated learning without the need for three dimensional 
simulations, virtual reality has the unique advantage of being able to present safe and 
controllable computer models of realistic environments that function in a similar way 
to their real world counterparts. 

Despite these theoretical benefits, virtual reality as a learning medium for stroke 
survivors also presents potential disadvantages. Stroke survivors would be required to 
interact with a computer simulation and they may not be experienced, proficient or 
willing computer users. Thus the usability of computer interfaces is of utmost importance 
in the design of computer applications for elderly and disabled people. 

2   The Design and Development Process 

We have seen in the previous section that a body of literature recommends that tasks 
used as part of a programme of stroke rehabilitation should enable stroke survivors to 
achieve outcomes that are purposeful and useful to everyday living. In order to begin 
the process of selecting a task for our simulation a consulation with stakeholders was 
undertaken. The stakeholders in stroke rehabilitation were indentified as therapists, 
consultants and the service users, i.e stroke survivors.  Following the consultation 
phase a list of minimum design requirements was drawn up and an analysis of the task 
was written prior to development of the simulation. Section two follows the process 
described above, beginning with an overview of the user-centred design (UCD) 
process. 

2.1   User Centred Design 

It would be naïve of a designer to develop a product for use by people with 
impairments and special needs without taking these needs into account. User-centred 
design (UCD) is a broad term that refers to product development in which the users 
and their representatives contribute to the design of a product to ensure that the final 
product is both useful and usable [33]. User-centred design is an established design 
methodology and the International Standards Organisation (ISO) has published 
benchmarks for the application of UCD in the form of ISO 13407 [34]. The design 
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principles of ISO13407 identify active involvement of users, appropriate allocation of 
function, iteration of design solutions and a multidisciplinary design team as 
fundamental to the UCD process. We have adhered to these principles in the design of 
our virtual environment and tangible user interface.  

UCD covers a range of activities in which users are involved in the design of a 
product. Various approaches to UCD have evolved to address different styles of 
working with clients. The context of use and the extent of user involvement in design 
are key drivers to choice of approach. These methods include contextual design, 
participatory design, empathic design and cooperative design. Participatory Design 
(PD) involves users of technology as partners or collaborators in the design process. 
PD embraces the philosophy that users are the best people to decide what they want 
from a product [35],[36]. The PD approach actively involves users in different stages 
of the design process, drawing on their experiences as well as acknowledging their 
capabilities and limitations. Collaboration with users in the implementation of a 
technology also enables designers to understand how the technology will be used in 
the context of the participants working environment [37].  

2.2   Consultation Phase 

Occupational Therapists. The first of three studies in the consultation phase 
involved occupational therapists. Twenty-two people attended an event organised by 
the authors during which several virtual environments were demonstrated and data 
gathering in the form of questionnaires and a focus group took place. Members of the 
development team gave a short presentation during which terminology and concepts 
relating to virtual reality were introduced and explained. Following the presentation 
four different VEs were made available on four computer workstations placed around 
a large room at the first author’s place of work. Participants were divided into four 
groups and members of each group were given the opportunity to experience each VE 
in turn. Participants were allocated a ten minute period to review the environments at 
each workstation.  

The Virtual Factory was a simulation of an industrial manufacturing environment 
that was designed specifically for the assessment of health and safety issues. The 
factory contained hazards that the user had to locate and identify by navigating the 
factory layout [38]. The Virtual City was a collection of simulated daily activities. 
These included acquiring items on a shopping list, using a bus and navigating around 
streets. It was a dynamic city with moving traffic and people walking along the 
streets. It included shops and road crossings, and was designed for people with a 
learning disability to experience everyday activities in safety [39]. Virtual Lego™ 
was a kit of simulated construction blocks that when assembled in the correct order 
produce a three-dimensional model of an off-road vehicle. It was demonstrated to 
show how spatial manipulation and sequential processing can be practised and 
assessed in a VE [40]. A tangible user interface (TUI) was also demonstrated at this 
workshop. The TUI was a coffee making simulation in the form of a tactile device 
that was mounted above a standard computer keyboard. It employed real objects 
connected to actuators that operated a key-press when the objects were used. A coffee 
making simulation with three dimensional objects was displayed on the screen. 
Interacting with a physical object caused activation of the corresponding virtual object 
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in the VE. For example unscrewing the coffee jar lid caused the lid in the VE to 
unscrew. Interactions with physical objects in the real world were reflected as 
animations in the VE [41]. Tangible user interfaces are described in more depth later. 

Participants at the study were asked to specify their role in stroke patient care, and 
work location (community or hospital). They were asked about their experiences of 
using VR and asked about their perspectives of VR for stroke rehabilitation. A focus 
group was organised during which three key questions were posed to the participants. 
The aim of the focus group was to gather information about the participants priorities 
and experiences [42]. The three questions posed to the group were: 

 

• What should influence the design of VR systems for stroke assessment and 
rehabilitation? 

• At what stage in the rehabilitation process would VR best be applied? 

• What are the barriers to this (VR) technology being used routinely in stroke 
assessment and rehabilitation?  

 
A suggestion that VEs might incorporate assessment strategies within the activities 
was made by the group. Benefits of VR technology were also discussed. The 
emphasis was placed upon the development of realistic environments in which 
meaningful activities can take place in safety. Therapists were in a position to report 
on the pragmatic issues of introducing VR technology to the ward. Concerns were 
raised that in order for VR to be used routinely in a climate of evidence-based 
practice, trials of VR based tools would have to show a demonstrable improvement 
over current procedures. Accountability was also discussed. Occupational therapists 
would not be expected to introduce new strategies without the consent of a consultant 
in authority.  

 
Consultants. In the first study, occupational therapists explained that decisions to 
implement new treatment strategies were not theirs to make but that these were 
authorised by stroke consultants in line with best practice and current research. The 
University of Nottingham has an active stroke research community and the logical 
way forward was to involve consultants in discussions about the design of VR for 
stroke care. A seminar was organised by the first three authors. This was attended by 
four medical consultants working in stroke rehabilitation. Two of these consultants 
were also qualified occupational therapists. 

The four virtual environments described in the previous study were demonstrated 
to the consultants. There was an opportunity to discuss each of these in turn.  The 
same three focus questions that were put to the therapist group were posed to the 
consultants.  

The consultant group suggested that a role for virtual reality would be to embed 
treatment strategies within realistic simulations of real world environments. The 
individual needs of the patients were considered to be important factors in the design 
of virtual environments. The consultants with a qualification in occupational therapy 
identified patient safety as important and reiterated the ability of VR to facilitate 
training in a safe and controllable environment. 

There was a recommendation from the group that initial research in this area 
should take a case-based approach, working closely with a small number of patients 
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rather than immediately attempting to identify generic techniques and solutions 
through randomised controlled trials. 

Discussions with the consultants reinforced the idea that VR could be useful for 
simulating environments for training that are safe for the user to practise in. The 
recommendation was not to use virtual environments to replace current assessment 
strategies but instead to use the VEs to assess cognitive and motor abilities that are not 
currently tested by assessment batteries. Consultants explained that although simple pen 
and paper tests do not quantify the extent of impairment, they have been shown to be 
reliable at assessing the presence of impairment. Replicating these on a computer 
monitor makes little sense and does not make use of the richness offered by a VE. 

 
Stroke Survivors. In the third study we wanted to gain the perspectives of people 
who had experienced stroke rehabilitation as service users. Of particular interest at 
this stage were those stroke survivors who have returned to the community after a 
period of in-hospital rehabilitation because this would enable them to report 
retrospectively on their personal experiences of rehabilitation in the hospital setting.  

A meeting was organised with a community-based stroke club. The virtual 
environments described previously were presented to the group and a discussion was 
held based around the three focus questions listed above.  

Members present (stroke survivors) suggested that they could see the purpose of 
VR in rehabilitation. They added that having already returned to the community, this 
form of activity would be too late for them and the opportunity to practise tasks in the 
hospital setting was seen as a better place for VR.  

The transition from hospital to community caused concern amongst participants. 
Concern was also expressed that despite attempts by shops and services to improve 
disabled access, the perception was that environments were not adapted to their needs. 
Concern was also expressed that computer technology could be too difficult for 
elderly people to learn and simplicity of operation was considered to be important. 

A second meeting was arranged with the stroke club. Those present described the 
assessments and treatment that had been administered by the OTs in hospital. 
Proficiency in these was seen as a means to returning home but comments were made 
about the limited opportunity to practise. Three members of the group (all male) 
identified making a hot drink as an activity that had been used as a component of their 
assessment of independence. The group discussed the most appropriate timing and 
method of using VR technology in their rehabilitation. The opportunity to practise 
practical household skills was commented upon as something that would be well 
received. 

Of importance in the consideration of designing VR technology was ease of use. 
Members of the group were mostly elderly and of those attending the second meeting 
only one person claimed to have any prior experience of using a computer. Ease of 
operation was therefore an important attribute of any new VR system as the users did 
not want to learn how to use a computer in addition to the task being practised. 

2.3   Virtual Environment Development Phase 

Following the consultation phase presented above, a coffee making task was chosen 
as the focus of the system. The rationale for the choice of task was that making coffee 
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is a useful everyday activity but there are hazards because the task involves boiling 
water and the use of kitchen appliances.  

A multidiciplinary development team was assembled comprising consultants 
working in stroke rehabilitation, an OT, and virtual reality researchers. The initial 
activity of the group was to specify the design requirements, describe the task to be 
modelled and construct a prototype virtual environment. 

 
Design Requirements. The initial activity of the team was to draw up a list of 
requirements for the VE based upon the findings of the previous consultation phase 
and from expertise of team members. A list of design requirements was drafted (see 
table 2). 

The OT recommended that task performance should be measurable. The OT was 
considered by the team to be a suitable candidate for the design of a scoring system 
because of her previous experience of developing and evaluating a stroke assessment 
index [43]. For the VE to be useful, a comprehensive record of user activity was 
requested by the team in addition to a summary score. The team identified the 
following data as necessary for the purposes of assessing the patient: the objects 
selected by the patient, whether the patient performs a task independently or requires 
assistance, whether the action taken was correct or incorrect, and the timing of each 
action. 

Keeping track of performance and enabling freedom of choice in the task sequence 
(where appropriate) was seen as key to the design. Conveying the status of the task in the 
form of visible and audible feedback that was meaningful to the patient was also 
considered to be important by the team. These design requirements and recommendations 
were summarized in the initial design specification. 

 
Table 2. The desirable and essential attributes of the virtual environment. At this stage it was 
not highly specific as the design was subject to change, but it provides a broad list of features to 
be included in the virtual environment 

 

Initial design specification for virtual environment  

The task simulated in the VE must resemble a real coffee making task. The objects in the 
VE must resemble real objects. The objects must be freely mobile so that the therapist can 
place these as required. The workspace will also resemble the workspace used in a kitchen 
assessment. There will be no distracting or superfluous equipment. 

The order or sequence in which the activities are performed is to be flexible. The 
constraint on sequence is that any sequences of events that are inappropriate or dangerous 
(if a real task) are not permitted. 

Scores of performance are to be recorded. To be included are user identity, timing of 
activity, sequence of user input. A scoring system is to be devised and implemented, to 
score useful measures of task performance on a scale to be devised. 

The system will intervene as necessary. The system will not instruct or direct the user 
unless there is failure to complete an action or an inappropriate action has been 
performed. The system will offer prompts, warnings and demonstrate correct actions as 
necessary. 

Delivery of the VE for the Stroke Association project is to be portable as equipment is to 
be recovered and locked away after every trial. For the MR system portability is to be 
considered. Storage on ward to be investigated as an alternative.  
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Task Analysis. A task analysis is a design method that investigates how an activity is 
carried out in existing circumstances [44]. The result of the exercise is data that 
provides information about the task in a format that is appropriate for the purposes for 
which it was gathered. Kirwan and Ainsworth [45] have categorized the different task 
analysis techniques into five categories: 

 

• task data collection methods 

• task description methods 

• task simulation methods 

• task behaviour assessment methods 

• task requirements evaluation methods 
 

Task data collection methods are techniques for gathering user performance data 

about an existing or proposed task. Task description methods represent the task in the 

form of flowcharts or diagrams that describe the component actions that are involved 

in the task and the relationships between these actions. Task simulation methods 

investigate the way people perform during an activity by using simulations of the 

activity and by expert walkthroughs. Task behaviour assessment methods are used to 

identify safety problems that may arise in a system. Task requirements evaluation 

methods are used to determine whether the equipment supports the user adequately in 

task performance [44].  

Of these, a task description was required. Hierarchical Task Analysis (HTA) was 

selected as a suitable task description method because the result of a task analysis is a 

representation of the individual actions and the relationship between these actions. It 

deconstructs a learning activity into its key learning objectives and structures these 

components to allow the developer to identify strategic stages in the activity where 

assessment can take place. In the context of this project the HTA was used to identify 

the components of the coffee making task and identify actions that are individually 

able to be assessed (see fig. 2).  

The OT explained that in the stroke rehabilitation setting, if patients are unable to 

walk to a tap to fetch water, they would be given a pre-filled jug of cold water. The 

actions required to fill the kettle were adapted to comply with the procedure that 

would be followed on the stroke ward. This involved pouring water from a pre-filled 

jug into an electrical kettle.  

Certain top level tasks are not constrained to a fixed sequence, for example coffee 

can be put in the mug after boiled water has been added to the mug. The only 

mandatory and commonsense sequence was to fill the kettle prior to boiling and then 

to boil the water prior to pouring it into the mug. The danger of damaging a real kettle 

exists if it is switched on when empty. 

HTA allows each of the subtasks to be broken down as far as required in order to 

describe specific actions. For the purposes of designing our VE the level of 

description shown above was adequate. Each subtask represents a discrete user action 

and this was considered to be at the appropriate level. 
 
 



 Development and Evaluation of a Mixed Reality System for Stroke Rehabilitation 203 

 
 

Fig. 2. The task was defined as making a mug of instant coffee. Three requisite tasks were 
specified (1 to 3). Two optional components were added (4 and 5)  

 
Iterative Design. The design specification was used as basis for the development of 
the new VE. It broadly defined the major components of the VE, for example the task, 
the objects, flexibility in layout, and data to be recorded. Data gathered from stroke 
survivors in the community provided an overview of the general features of computer 
programs that they considered to be of importance, for example ease of use and 
relevance. It also provided us with information about the kinds of tasks that they were 
assessed on in hospital, for example everyday living skills. Service users’ opinions 
and experiences were considered to be critical in the design of the new VE and an 
iterative user-centred design approach was adopted as explained above.  
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Stroke patients were recruited to participate in studies in which measures of 
performance in the hot drink making task were recorded. Studies were also conducted 
by the OT to investigate the errors made in the VE compared with those in the real 
world task.   

 
Recruitment of Patients. The design work for the VE commenced following 
approval by our hospital ethics committee and the process of recruiting patients to 
participate in the design and testing of the VE began. Patients on a stroke unit were 
assessed by the OT for suitability to participate. Inclusion criteria were: diagnosis of 
stroke, goal of going home, ability to sit in chair for 30 minutes, Vocational Near 
Vision Test <48 and ability to recognise kitchen objects.  

Participants were excluded if they presented with or had a recorded history of 
dementia, susceptibility to screen triggered epilepsy, psychiatric illness, inability to 
speak English, hearing impairment, no upper limb function or were enrolled on 
another study. Following the screening process in which 167 patients were invited to 
participate, a total of 50 patients were successfully recruited by the OT to take part in 
the study.  

 
Equipment. The equipment used for the VE development studies was a Toshiba 
Satellite Pro A10 notebook computer with the VE developed by the design team 
running under Virtools™. Virtools™ is a virtual reality development package. To 
make the VE system portable and easy to use the OT chose to use a touch-screen 
interface and to reduce the risk of damage to the screen a rubber tipped wand was 
employed. 

Patient activity was videotaped using a Sony miniDV camcorder mounted on a 
tripod. Patient interaction with the VE was recorded on a log-file generated by the VE 
software. The log-file recorded the user’s participant code (names were not stored in 
the log-file), the sequence and timing of detected events. The VE also produced a 
score sheet which included the user’s performance score for each action and a 
summary score calculated as a percentage of the maximum score possible. 

In addition, real kitchen equipment was used by patients under supervision of 
either the OT or a research assistant recruited to the project, in order to compare 
performance between real environments and VEs. Patients recruited to the study were 
expected to undertake both real and virtual tasks. 

 
Method. The location of the studies was a stroke ward at the Queens’s Medical 
Centre (QMC), Nottingham, U.K. Patients who were recruited successfully underwent 
a series of standardised assessments of cognitive and motor function before being 
assessed in the real world hot drink task (see Edmans et al. [46]).  

Participants proceeded through the real task and their hand movements were 
recorded using the miniDV camcorder. An assessment protocol comprising 27 stages 
was used as a measure of performance, this being devised and scored by the OT. 
Twelve stages were compulsory to the task, the remaining 15 were optional. Video 
recordings were analysed by a competent trained assessor and from this assessment 
scores were generated.  
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Following the real task, participants were then invited to perform the hot drink task 

in the simulated environment. Prior to performing the hot drink making task in the 

VE, patients were trained to use the touch-screen by practising a simple on-screen 

activity in which they were required to pick up a letter, place it in an envelope, pick 

up a postage stamp and place it on the envelope. Participants were required to hold a 

pencil-shaped wand with a rubber tip and tap it on the touch-screen against the virtual 

objects. To move one object to another they tapped the object to be moved then 

tapped the target object.  

Once participants had mastered the technique of using the wand and touch-screen 

they were then given the hot drink task to attempt, once with the OT giving assistance 

and then attempting the  activity with the computer alone providing assistance and 

feedback. As with the real task the same assessment protocol was used. Video 

recordings were made of hand movements and scored independently by an assessor. 

User data was recorded as a measure of performance. The VE automatically recorded 

the timing of actions, objects selected, errors of repetition or wrong choice, prompts 

given and performance scores. This was used to identify discrepancies between 

observed and recorded activity.  

The OT compiled reports in the form of tables of errors and problems that patients 

experienced during tests. Video recordings that were made by the OT were then used 

in conjunction with the error reports to troubleshoot technical problems and to 

observe how users made errors. The videotape recordings were inspected by members 

of the design team. Errors and technical problems were discussed and these were used 

to guide the subsequent iteration of software. Of the fifty video recordings made a 

sample of twenty video recordings for both real and virtual tasks were analysed for 

user error analysis by the OT and a research assistant. The OT identified and 

categorized the errors made by patients in both environments and the errors that were 

made in the real environment only and in the virtual environment only. The numbers 

of errors made were compared between real, virtual and both environments. 

Eight modifications were made to the initial design. Improvements included 

creating hotspots around small objects such as the kettle switch to make selection 

easier, providing a pause facility which temporarily disabled user input, making the 

colour of the liquid in the mug change according to the contents, and providing a help 

facility in the form of a large red button. A stage was reached when the design team 

decided that subsequent changes would be of little value. The result was a 3D 

simulation comprising a worktop upon which nine objects were placed. The starting 

position was in line towards the back of the worktop. The positioning was consistent 

with the layout of a real practical kitchen task assessment.  

At the centre of the scene was a single power socket. The bench surface was not 

given any texture pattern in order to reduce possible distraction or confusion.  Objects 

were: a water jug, a spoon, a jar, a teapot, a sugar bowl, a mug, a milk bottle a kettle 

base and an electric kettle. The addition of the teapot was the result of participants 

requesting the option of making a cup of tea instead of coffee. The group supported 

this and extra stages were added to the task to facilitate this, although the focus of the 

mixed reality system described below remains that of making a mug of coffee.  
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Fig. 3. The final version of the virtual environment for making a hot drink. 

In the final version objects were selected by tapping them using the wand. To 
perform an action involving two objects, both were selected in the correct order. This 
triggered an animation in which the first object moved to the second and performed 
the appropriate action. Whilst animations were underway input was disabled to avoid 
confusion with the position of objects. Support was provided by a verbal prompt 
followed by a demonstration of the correct action in the VE. Assistance was gained by 
inactivity for a period of twenty seconds or by pressing the help button. The system 
recorded every action and intervention by both user and computer. Scores were 
calculated and displayed when the user had completed the task but not during the task.  
An electronic version of the OT assessment sheet was automatically completed by the 
software.  

 

Results. Figure 4 shows a comparison of participants scores when carrying out the 
hot drink making task in the real worlds compared to their scores in the virtual 
environment. Real world scores of 100% were not uncommon however fewer patients 
scored 100% in the VE. Spearman’s Rho was calculated (ρ=0.3, p<0.05). Real and 
VE scores were not strongly correlated. Errors made in both real and VE tasks are 
presented below. These tables are based upon a sample of twenty patients from the 
fifty stroke patients recruited. 

Table 3 shows that errors were made in both real environments and VEs. The error 
pattern was not as expected. Errors were made by subjects in both environments, but 
errors were more common in the VE. A Wilcoxon Signed Rank Test performed on 
errors scored z = 2.14 (p<0.05) showing significant difference between error types in 
virtual and real environments. This suggests that the two tasks are different and 
although the VE may enable users to proceed through the task, it does not fully 
represent the real world task.  
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Fig. 4. A comparison of real and VE assessment scores (%) 

 
Table 3. Comparison of errors made by subjects (n=20) 
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Attention 0 3 2 

Neglect 0 1 1 

Addition 0 1 0 

Sequence omission 5 0 9 

Perseveration 0 1 1 

Selection 0 1 9 

Object use 0 0 0 

Problem solving 2 0 6 

Dexterity 2 0 8 

Quantity 0 6 0 

Spatial 0 1 0 

60.00 70.00 80.00 90.00 100.00 

Virtual world assessment percentage score

60.00

70.00

80.00

90.00

100.00
R

e
a

l 
w

o
rl

d
 a

s
s

e
s
s

m
e

n
t 

p
e

rc
e

n
ta

g
e

 s
c

o
re

 



208 D. Hilton et al. 

Discussion. Following an iterative design process involving stroke patients as 

participants in the design of a virtual environment for making a hot drink, a final 

version was constructed that enabled the users to proceed through the task. The 

system was portable and practical, being easily carried to the patient’s bedside if 

required, and easy for the OT to set-up and run.  

The VE presented the hot drink making task as a safe and controlled simulation, 

recording user performance scores and user activity as well as identifying selection 

and sequencing errors. The evaluation of the completed VE showed that the VE did 

not completely represent the real world task, however. Two factors that showed 

high error rate in the VE compared to the real world were dexterity and selection. 

Initiation, problem solving and selection errors are also more common in the  

VE [46].  

The VE task was more difficult than the real world task and although errors were 

made in both types of activity, these varied between the two environments. Patients 

showed greater proficiency in dexterity, selection and problem solving in the real task 

compared with the VE. The VE presents different problems that are not present when 

using real objects.  

Selecting an object in the VE was achieved by pressing gently against a touch 

screen using a wand that resembles a pencil, clearly different to the real world action 

of holding and grasping objects. Some patients who were able to perform the task in 

the real world showed dexterity errors in the VE.  

Although the research in this section was carried out by the OT in consultation 

with the design team it does show that the VE presents new problems. The fact that 

the VE scores and real world scores were not strongly correlated suggests that the 

skills required to make a hot drink in the VE do not equate exactly with those required 

to make a hot drink in the real world.  

2.4   The Design of a Mixed Reality System 

The touch-screen did not encourage naturalistic movement of the hand or upper limb 

to complete the task, the only physical component of the task required was the ability 

to point a pencil shaped wand. A more realistic and naturalistic user interface was 

developed as the method of controlling the simulation, the rationale being that 

activities of everyday living comprise a mixture of cognitive and physical processes, 

and the stroke rehabilitation literature proposed that it is beneficial to the patient if 

these processes are trained together in the context of a useful task.  

Mixed reality refers to technologies that blend virtual and real components. A 

spectrum of MR technologies proposed by Milgram and Kishino [47] illustrates the 

way different applications place a different emphasis on the mix of real and virtual 

environments.  
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Real                      Augmented         Augmented             Virtual 
Environment         Reality    Virtuality                 Environment 

Mixed Reality (MR) 

Virtuality Continuum  

Fig. 5. The mixed reality spectrum 

 
The ‘virtuality continuum’ is the range of experiences and technologies that span 

the gulf between the virtual and the real environment. Every day experience (the real 
environment) is situated at the far left side of the spectrum. Progressing to the right 
there is continually increased emphasis on technologies that use computer generated 
information to enhance or augment the user’s experience. VEs that do not incorporate 
the real environment in any way, for example immersive VR systems, are situated at 
the far right of the spectrum.  

 

Design specification. A tangible user interface (TUI) was proposed to exploit the 
physical and designed properties of real objects in order to enhance the realism of the 
experience. The tangible user interface and virtual environment together comprise a 
mixed reality (MR) system. TUIs control a computer through manipulation of real 
graspable objects. The definition of TUIs attributed to Ullmer and Ishii [48] are that 
“they give physical form to digital information, employing physical artefacts as 
representations and controls of computational data”. The input is of the form of digital 
data relating to one or more properties of the object(s), such as position, orientation 
and proximity to other objects. This is achieved using different methods, for example 
by placing sensors in objects that are coupled to a host computer. Employing real 
objects immediately removes the complexity of programming appropriate affordances 
and constraints into the VE. Furthermore it requires the user to interact with the object 
in a realistic way. 

By referring to the task analysis the actions to be monitored by the mixed reality 
system were identified. A mechanism for detecting user input was required. In 
addition to detecting correct actions, the facility to detect and identify incorrect 
actions was also required in order to provide useful feedback to the user and to record 
errors in user performance. Characteristics of the proposed input device were defined. 
Broadly, the requirements of the system were that it must: 

 

• Detect and identify an object that is being used 

• Detect when two objects are within proximity of each other 

• Detect when an action has been performed by or on an object 
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Mechanisms were required to detect when the activity was taking place. By examining 
the descriptions, the types of technology required to detect the activity could be 
considered. These were discussed at team meetings and it was evident that the TUI 
would require a hybrid of several different kinds of sensing mechanism. For detecting 
the spatial location of objects a computer vision system was proposed. For detecting 
when vessels were being poured a tilt switch was suggested and for detecting when an 
object was in contact with another a pressure sensing mechanism was suggested. 

Entity relationship diagrams were used as means of representing the objects and 
the actions being performed. Entity relationship diagrams show the objects (entities) 
in boxes and these are connected by lines representing actions, labelled to show the 
relationship between the entities [49]. Here the entities were real kitchen objects and 
the relationships were the actions performed on the objects.  

Entity relationship diagrams were adapted by the authors by adding a third box to 
each relationship, which included the proposed mechanisms for detecting the actions. 
These adapted entity relationships are shown in figure 6. The various sensing 
mechanisms are explained in more depth in the following sections. 

 

Tracking Objects. Tracking technology was employed to identify and locate objects 
in the physical workspace. Tracking technologies can be categorized as either ‘active’ 
or ‘passive’. Active tracking requires a source signal emitted by the object (for 
example infra red, ultrasound) that is located by remote sensors. The position of the 
signal source and hence the location of the associated device is triangulated by 
comparing the timings of received signals at different receivers [50]. Unlike active 
tracking, passive tracking does not require the object to emit a source signal. Passive 
sensing mechanisms are used to locate and identify objects. Digital cameras are 
commonly used. The object to be tracked is placed in the field of view of the digital 
camera. The digital image generated by the camera is processed by software that 
identifies any objects located in the workspace by matching a physical property of the 
image (colour is frequently used) with a stored model of the object.  

In the TUI proposed for this project, multiple objects coexist in the workspace. A 
technology was required with the capability to differentiate between several objects 
simultaneously. Active tracking of multiple objects poses problems of signal 
interference, confusing the triangulation and location of an individual object. Infra-red 
and ultrasound tracking require an unbroken line of sight between the source and 
receivers.  

A passive tracking system was chosen because it is not subject to the constraints of 
active systems described above. Computer vision technology was available at the 
School of Computer Science at the University of Nottingham. This used colour 
matching and had demonstrated adequate performance in distinguishing between 
multiple objects in the field of vision of a digital camera [51]. 

 

Computer Vision. The computer vision system used in this project employed a 
Logitech™ web-cam positioned to point vertically downwards onto a workspace 
using a Kodak tripod. The workspace was constructed from a matt-black (i.e. non-
reflective) plywood board 100cm X 60cm. The web-cam was connected to a Toshiba 
Satellite Pro notebook computer running the vision system software coded in C++ by 
colleagues at the School of Computer Science at the University of Nottingham.  
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Fig. 6. Entity relationship diagram for coffee making activity with proposed mechanisms for 
sensing each of the activities remotely 
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A robust technique for visual recognition of coloured objects and spatial location 

within the field of view of a video camera has been developed by Swain and Ballard 

[52]. Their technique compares red, green and blue (RGB) attributes of objects placed 

within the field of view of a digital camera with the colour histograms of previously 

trained objects or models. In their technique, the RGB components of an image 

captured by the camera are compared with those of the model and the resulting match 

is calculated as a confidence value. Red, green and blue colour (RGB) component 

segmentation is susceptible to light intensity. Inconsistent or low level lighting 

produces unreliable results. Instead of using RGB components the Hue, Saturation 

and Light (HSL) components were measured. The light intensity component (L) was 

ignored so that the system was not susceptible to light intensity variations. The 

saturation component of colour (S) refers to the amount of white light or noise that is 

included in the colour. High saturation gives purer colour and has a low noise 

component. The saturation was therefore set to the maximum level for optimum 

colour. The hue (H) component was the remaining variable and this was used to 

identify objects in the field of view.  

A model of each object was generated. Each object was placed in the field of view 

of the camera in turn and a frame was grabbed. The frame was a snapshot of the entire 

field of view and the part of the image that would become the model was extracted 

from the background. The model was separated from the background using Paintshop 

Pro™ and the resulting image was saved as a portable network graphics (PNG) file. 

This was repeated until a model was stored for every object. To measure the 

confidence of a match between a captured image of an object and its model, objects 

were placed in the field of view of the camera and the images were compared with 

pre-recorded models of all the objects. The confidence of a match between image and 

model was calculated by the vision system software in the following way.  

When an object was moved into the field of vision of the camera, an 8*8*8 bin hue 

histogram of the captured image was compared with the hue histograms of every 

model that was stored as PNG files. Hue values were compared. 
 

If NI(i) is defined as the value calculated for the ith bin of image I   (1) 
 

Then NM(i) is the value calculated for the ith bin of model M   (2) 
 

The difference between (1) and (2) is calculated for all bins and the minimum of the 
result and zero is registered for each operation. This is repeated for all 8*8*8 colour 
bins. The summation of each operation results in a value between –NM and 0, A 
negative value represents low correspondence of colour matching, a score of zero 
representing a positive colour match. 

 
The confidence that a model matches an image is defined as C(M,I)  (3) 

 
Pridmore et al. [53] present an expression to calculate C(M,I) based upon the work of 
Swain and Ballard [52] as: 
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Low intersection between a model and the image will result in a summation 
approaching –NM thus: 

 
 C(M,I) will be approaching 1 + (-NM/NM) = 0      (4) 

 
High intersection between the model and the image will result in a summation 
approaching 0, thus: 

 
C(M,I) will be approaching 1 + (-0/NM) = 1    (5) 

 
A threshold value is predefined within the configuration file prior to sampling. Values 
computed in excess of this minimal value are considered to indicate a positive match 
between image and model.   

The spatial location of the object is calculated in two stages. First the average 
location of pixels in a given bin is calculated. The proportion of pixels in a given bin 
that match the model is calculated. This is used as a weighting in which high values 
correspond to a confident match. Using these weightings the coordinates that 
correspond to a good match are aggregated, the result being x and y coordinates that 
approximate to the centre of the matched object. 

A technique was developed for passing object identity and coordinate data from  
the vision system to the virtual environment. When operational, the vision system 
constantly updates a data file that contains the object identity and its spatial coordinates 
relative to the camera origin. The identity and coordinates of a positive matched object 
were then used to control a simulation of the object in the VE. This process was 
repeated at a frequency set in a configuration file. The value was set at 8Hz for this 
project, a value that was considered as a compromise between processing demand on 
the software against the reliability of tracking a moving object. 

 
Testing the Computer Vision System. To test the vision system an experiment was 
set up to measure the confidence that the system would correctly identify an object 
over repeated trials. The Logitech™ camera was mounted on the tripod with the lens 
pointing towards the work surface and was connected to the Toshiba Satellite Pro 
notebook computer. Five pencil marks were made at five different positions on the 
work surface. Four marks were equally spaced to form a 50cm square with a fifth 
mark at the centre of the square. With the vision system software running the jug was 
placed on one of the markers. The data file recorded the confidence of a match 
between the model and the image of the object. This was repeated for each of the four 
remaining markers. Five measures of confidence for the jug were recorded from 
which the mean and standard deviation were calculated. This exercise was repeated 
for each of five objects that were to be detected by the vision system. 
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Confusion of recognition between objects was of concern. Kitchen items are 
commonly made of metal or glass with reflective surfaces. These cause a variation in 
the detected hue making identification of the object erratic. Similarly electrical 
appliances are commonly white or metallic. Objects were selected for their unique 
hues. Metal and glass objects were rejected. The objects that were used in the TUI 
were:  a pink water jug, a green plastic electric kettle, a red coffee jar, a blue mug and 
a yellow spoon. Following the calculation of the confidence of a match between an 
object and its model a second study was conducted to calculate the ability of the 
system to differentiate between objects.  Each object was placed individually under 
the camera in turn. The vision system calculated the confidence of a match between 
the object and every other stored model. This was repeated for each object in turn. 

 
Table 4. Confidence values and descriptive statistics for five samples of each object 

 

 JUG KETTLE JAR MUG SPOON 

Confidence 0.975075 0.836774 0.900000 0.999051 0.991753 

 1.000000 0.824477 0.881818 0.919355 0.938144 

 0.790739 0.820378 0.853846 0.846300 0.804124 

 0.829262 0.791685 0.806993 0.907970 0.940206 

 0.997757 0.797980 0.813906 0.999051 0.824742 

Max 1.000000 0.836774 0.900000 0.999051 0.991753 

Min 0.790739 0.791685 0.806993 0.846300 0.804124 

Mean 0.919897 0.814259 0.851313 0.934345 0.899793 

S.D. 0.098419 0.018863 0.040838 0.065280 0.081157 

 
Table 5. Confusion matrix for each object matched against each model 

 

MODEL   OBJECT 
 JUG KETTLE JAR MUG SPOON 

JUG 0.920738 0.040692 0.450350 0.441176 0.352577 

KETTLE 0.031157 0.818182 0.224476 0.040797 0.280412 

JAR 0.100698 0.045821 0.859441 0.748577 0.354639 

MUG 0.050100 0.009076 0.504196 0.794118 0.111340 

SPOON 0.010219 0.013175 0.167133 0.113852 0.977320 

 
The mug and jar show confidence values that are not too dissimilar. Similar values 

between two objects could cause errors in identification of these objects. Setting the 
minimum level at which the confidence value is considered to give a true match is 
therefore critical. A threshold value higher than 0.748577 (see object ‘mug’ compared 
with model ‘jar’) is required and a value lower than 0.794118 (see object ‘mug’ 
compared with model ‘mug’) is required. A value of 0.77 is reasonable. In practice 
the confidence values were improved by re-sampling the objects and creating new 
models by removing parts of the model that could cause a reduction in the confidence 
value, for example darker areas caused by shadows. 

 

Sensors for Event Detection. Although the identities and positions of objects in the 
scene may be computed by the vision system, this is not sufficient to confirm that an  
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action such as pouring has actually been carried out. For example detecting that the 

spoon is in close proximity to the coffee jar is not the same as detecting that the spoon 

has been put into the coffee jar. Using proximities as confirmation of action is clearly not 

adequate, and a robust method of detecting the intended actions was required. A solution 

was sought using sensor technology. Electrical switches that detect a measurable change 

(tilt, pressure, continuity) were identified as a potential method of detecting actions and 

devices incorporating these sensors were constructed (see figure 6). 

Pressure sensors used PCB mounted sub-miniature micro-switches. These 

incorporate a small lever which when pressed make an electrical connection. Being 

small, the levers alone provided an inadequate target area for patients to push down 

on. Rigid boards of slightly smaller diameter than the object were attached to the 

micro-switches and mounted inside the objects forming a plate or diaphragm against 

which the user could press a utensil. Tilt sensors used non-mercury tilt switches that 

were mounted inside objects as appropriate, for example objects that are normally 

used for pouring liquids. Wireless connection was proposed to allow unencumbered 

freedom of movement that wired sensors do not offer. A radio frequency (RF) system 

to connect the sensors to the VE was sought. Of concern was the radio frequency 

band which must be carefully chosen to ensure that interference with hospital 

communication and medical equipment does not occur. Following consultation with 

hospital technicians a system operating at 433 MHz was chosen. This is an all purpose 

license free bandwidth that is used for remote car locking systems.  

Radio frequency switches were constructed. The transmitters were type AM-RT4-

433 powered by 1.5 volt lithium cells and these were activated by either tilt switches 

or sensitive micro-switches. An AM-HRR3-433 receiver was used to detect event 

triggers from the objects.  

The reliability of the tilt switches and micro-switches to operate the RF transmitter 

consistently over a fixed distance was measured. Each transmitter was placed in turn 

at a measured distance of two metres from the receiver. The receiver was connected to 

the USB port of a Toshiba Satellite-Pro notebook computer. To test the sensors, each 

switch was operated repeatedly and sensors were required to complete 100 successful 

consecutive switching events before they were used. 
 

Prototype Assembly. The RF sensors were designed to detect when an action took 
place but not the context of the action. The vision system was used to identify those 
objects that were involved in the action and their location in the workspace but not to 
detect when an action had taken place. These two systems were complementary and 
together provided the necessary data to identify the context and timing of user 
activity. The computer vision system, sensors and virtual environment together 
comprise the mixed reality system. The VE was designed to monitor user 
performance and to support the activity by providing prompts and demonstrations. 
The TUI was the input component of the MR system and the focus of the physical 
activity. In addition to the system described above a help facility was provided in the 
form of a large red button that offered a suitable prompt or instruction as appropriate 
when pressed.  
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Fig. 7. The complete MR system 
 

 

 
 

Fig. 8. Photograph of the completed mixed reality system 

 
Evaluation of the Mixed Reality System. The MR evaluation study was designed to 
investigate the practicality of the MR system and through collaboration with stroke 
survivors on the stroke unit, to iteratively develop the layout and specific 
requirements of the system.  
 

Method. Over a period of three months stroke survivors who were admitted to the 
Stroke Unit at QMC, Nottingham, were assessed for suitability to participate in the 
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study. Patients were initially included if they were diagnosed with a stroke and were 
undergoing rehabilitation with good prospect of returning home. As with the previous 
study they were excluded if they presented with or had a recorded history of dementia, 
susceptibility to screen triggered epilepsy, psychiatric illness, inability to speak English, 
hearing impairment, no upper limb function or were enrolled on another study. 
Suitability to participate was assessed by the OT who had access to patient’s notes. 

Patients who fulfilled the selection criteria above were invited to participate. Those 
who expressed an interest in the study were given a patient information sheet. The 
sheet was read out to the subjects and they were then asked whether they would like 
to continue to participate. Participants were informed that at any stage they may 
refuse to continue. Verbal consent was gained in compliance with ethical 
requirements. The OT was in attendance at every session. Participants’ identities were 
not recorded for reasons of anonymity. The equipment was set up in the day room of 
the stroke unit with the utensils and other kitchen hardware positioned towards the 
back of the work surface. Participants were seated in front of the work space.  

The computer issued a verbal prompt to start the task and the patients followed the 
cue to commence the coffee making activity. Written observation notes were made 
throughout including unusual occurrences, errors made and problems with the 
equipment. The computer recorded every action captured by the sensing technologies. 
The time of each event was added to the sequence record so that events recorded by 
the computer could be matched against events that were captured by the camcorder. 
Following the completion of the activity the subjects were interviewed by members of 
the team. The interview comprised a computer attitude survey and further questions 
about the user’s experience of using the MR system.  

A Computer Attitude Scale (CAS) devised by Loyd and Gressard [54] was used for 
the attitude assessment. The CAS comprised questions associated with themes of 
anxiety, confidence, usefulness and liking. The CAS used for this study comprised eight 
questions, four of which were positively worded, the remainder being negatively 
worded. The responses were scored on a five point Likert scale. For the four positively 
worded questions five points were allocated to “strongly agree” responses. One point 
was allocated to “strongly disagree” responses and neutral responses (“don’t know”) 
scored three points. For negative worded questions the reverse is true. Five points were 
allocated to a “strongly disagree” and one point for a “strongly agree” response. 
Questions were paired so that for each negative worded question there was a positive 
counterpart, one pair for each of the four themes. The statements are presented below. 

 
Table 6. CAS statements, comprising four themes of paired questions 

 

CAS statement 

1.   Computers do not scare me at all 
2.   I am sure I could use computers for learning 
3.   I will do as little work with computers as possible 
4.   Learning to use computers is a waste of time 
5.   Computers make me feel uncomfortable 
6.   I think using a computer would be very hard for me 
7.   I think working with computers would be enjoyable and stimulating 
8.   I am sure I could use computers for work or learning 
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A further five statements about participants’ experiences of the session were rated 
using a five point scale. Finally participants were offered the opportunity to suggest 
improvements using a free-text response format. 

Video recordings of patient progress were recorded onto DVD. Microsoft 
Windows™ Movie Maker V6.1 was then used to analyse the DVD contents. As both 
the VE and Windows™ Movie Maker V6.1 include time stamping it was possible to 
compare the events that the computer registered with those that the camcorder 
recorded in the field. For each trial, the video recording was inspected and actions 
were noted with the time of the event from the start of the activity recorded. Two 
tables were generated for each participant; one showing the actual events interpreted 
from the video recording, the other showing events recorded by the computer. The 
two sets of data were compared. Corresponding events in both tables indicate actual 
events that were also recorded electronically. Discrepancies between these two sets of 
data were identified and categorised as either user error or technical error. These 
errors were then analysed in order to make improvements to the MR system as 
appropriate. 

 
Results. Fourteen participants were recruited (mean age 70 years, range 50 to 89). 
Prior experience of using a computer was scored on an ordinal scale in which 1 
reflects daily use prior to the stroke and a score of 6 reflects no prior use. Three (21%) 
participants had used computers daily prior to their stroke and 9 (64%) had never used 
a computer. Table 7 shows participant, gender, age, CAS score and experience. CAS 
scores varied with a minimum of 14, maximum of 40 and a median of 31.5. 

 
Table 7. Gender, age, attitude scores and experience scores. In column 1 MR refers to “mixed 
reality” used as part of the anonymous coding system 

 

Code Gender Age CAS score Experience 
score 

MR1 M  77 16 6 
MR2 M  89 25 5 
MR3 M  57 33 6 
MR4 M  50 40 5 
MR5 M  52 39 1 
MR6 F  75 31 6 
MR7 M  75 34 1 
MR8 F  83 14 6 
MR9 M  64 28 6 
MR10 M  59 20 6 
MR11 M  81 32 6 
MR12 F  81 23 6 
MR13 M  74 39 1 
MR14 F 68 33 6 

 
Data from User Experience Survey. A further five questions were asked about the 
participants’ experiences of using this system. A five point Likert scale was used with 
positively worded questions, 1 being strongly disagree through to 5 being strongly agree.  
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Table 8. Participants responses to questions about the MR environment 
 

Statement Median Range 
When the computer gave instructions, I could hear them clearly 5 4 
When the computer gave instructions, I could understand what was 
being asked 

5 4 

I knew what I had to do to carry out the instruction 5 2 
The device enabled me to do what was asked of me 5 2 
The screen was useful as it showed me what I had done 4 4 

 
The system enabled users to perform the task and users knew what to do to perform 

the task. Comprehension and clarity of instructions were an issue. Participants were 
asked whether they would make changes, and if so what would they be. Comments 
received by the participants are summarised below. 

 

Table 9. Participants comments about changes to the MR system 
 

Patient Comments 

MR1 Make sure the actions are as real as possible. Could include lid on jar. 
MR2 No improvements. 
MR3 None [changes]. Don’t normally make coffee. 
MR4 Stroke affects memory and this is useful. I didn’t use the screen much. 
MR5 Possibly a lid on the coffee. The switch was hard with one hand.  
MR6 Clear and straightforward. I watched the screen to see if I was doing it right. 
MR7 No changes. 
MR8 Could be useful. Only change to make the spoon work better otherwise none. 
MR9 Its straightforward. There was no milk. 
MR10 Different people use different hands. The help button was a good idea. 
MR11 Don’t know what to change. 
MR12 Once or twice I used the screen when I was stuck. 
MR13 Not sure if I used the screen. 
MR14 No changes. 

 
 

Table 10. Summary of errors, categorised as user and system errors 
 

User error:   
Kettle to mug: no water 2 
Kettle not placed on base 1 
Kettle poured into jar 1 
Kettle switched on when empty 1 
Poured jug directly to mug  2 
Repetition of action 1 
Difficulty placing kettle on base  5 
Placing mug on base 1 
Empty spoon to mug 1 
Spoon to jar not registered 3 
Jug to kettle 2 
  

System error:   
Spoon not recorded 6 
Kettle not recorded 2 
Jug not recorded 1 
Kettle not in scene 2 
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User errors included errors in selection and inappropriate use or mishandling of 
equipment. System errors were those in which actions were not recognised and 
recorded by the software or those for which inappropriate responses were made by the 
software. 

Frequently users did not bring objects into the field-of-view of the camera. Objects 
were therefore not detected by the vision system in these cases and consequently the 
software was unable to reliably register user action. A physical problem of placing  
the kettle correctly on the base was repeated on two occasions. Dexterity in handling the 
kettle was not measured or required for the touch-screen system other than ability to 
point to objects on the screen but the MR system was more realistic in simulating the 
actual hand movements required to achieve the actions. Participants who satisfactorily 
completed the VE based task using the touch-screen demonstrated an ability to proceed 
through sequences of actions but this does not necessarily correspond to proficiency in 
the real task. 

On six events the spoon did not register when the video camera clearly identified it 
as being present within the workspace. This is not a user error in the sense that the 
user has not actually made a mistake of object selection or handling. It was observed 
that users frequently held the spoon so that it was occluded by the hand or held 
sideways and consequently insufficient pixels were available to the camera for colour 
matching.  

System errors were detectable when objects that were registered as being present  
by the software were not present in the video recording. In one trial the kettle was 
repeatedly registered by the vision system when it was clearly absent from video 
analysis. Studying the actions showed that this was most likely due to the green colour 
of a patients sleeve forming a colour match with the kettle model. This demonstrates the 
importance of reducing or removing intrusive colour to the workspace beneath the 
vision system camera. The colours of sleeves and other objects (watches, jewelry) are 
registered by the vision system and can affect model-image matching. 

3   Discussion  

Consultation. In the early phase of this study therapists who were consulted 
identified key features of VR systems that they believed would be important in stroke 
care. Reproduction of realistic environments that could enable users to practise tasks 
in safety was considered to be a potential role for VR in stroke rehabilitation.   

Consultants suggested that pen and paper exercises have proven to be successful in 
the detection of visual field deficits and direct replacement of these by VR methods 
may not necessarily be advantageous. Instead the value of VR was seen as the ability 
to replicate environments and to embed treatment strategies within these simulations. 
Consultants added that computer simulations may also facilitate a form of assessment 
of function that is currently available only with practical tasks.  

Stroke survivors resident in the community suggested that VR offered the 
opportunity to practise activities and reported that this was not always available in the 
hospital setting.  
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These studies illustrate differences in perspective of three different stakeholders. 
Therapists focussed on safety issues. Former patients who are resident in the community 
were more concerned about the timing and duration of their treatment. Stroke researchers 
considered wider applications and were able to speculate on a number of different roles 
for VEs in addition to those demonstrated. This diversity of perspective and insight 
shows the importance of including different stakeholders in consultations about the 
design of new treatments and technologies for rehabilitation. 

The question of barriers to the regular use of VR to support stroke rehabilitation 
was posed during the consultation phase. Evidence of effectiveness and cost of imple- 
mentation were the major concerns raised by the therapists. These practitioners under- 
standably reported that a new strategy, technology or technique must demonstrate 
proven effectiveness before it is accepted into practice.  

With little evidence to suggest that VR could offer a cost effective strategy, 
development and implementation costs were brought into question.  In the lifetime of 
this project home gaming systems that display three dimensional simulations have 
become popular and inexpensive, thus cost of equipment is of reducing concern. The 
concept of a TUI has also become increasingly accepted and commonplace with the 
introduction of tangible inputs for popular home games consoles that are now 
operated by increasingly naturalistic body movement (see for example the Nintendo 
Wii™). 

Development costs for highly specialised interactive VEs are of greater concern. 
The tradeoffs between generic solutions and focused individual problem solving 
became apparent in the discussions with OTs and consultants. The development of a 
single VR package that addresses the diverse problems that stroke patients present 
with was not considered to be practical or particularly desirable.  

In order to treat a diversity of cognitive and motor problems a modular approach 
was recommended by the consultants. This modular approach proved to be an 
important feature during the development of the VE, allowing for changes in the task 
and virtual objects to be accommodated as required.  

 
Design requirements. Monitoring the stroke patient’s progress through a useful task 
was considered to be an important design requirement by the therapist consultant 
group in the early phase of the project. Specifically, a mechanism for objectively and 
reliably scoring and recording the patient’s progress was considered by the focus 
group as a useful design feature. 

Interaction was also discussed in the context of the stroke survivor as the  
primary user of rehabilitative or assistive technology. A particular design concern for 
practical tasks was impairment of the dominant hand. Versatility of input was 
considered by therapists to be of importance due to the mixed physical and cognitive 
ability of primary users. Therapists were also concerned about issues of presentation 
of instruction and feedback. Communication impairments are commonly reported 
following stroke and therapists recommended that needs of dysphasic patients should 
be considered in the modes of feedback, with exclusion of those patients from VR 
based treatment in acute cases. Therapists recommended that patients with short term 
memory problems would respond best to brief instructions that refer to actions 
comprising single stages.  
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The former patients in the community expressed concern that being (mainly) 
elderly and inexperienced of using computers they would not want to have to learn 
how to use a computer as an additional skill to learning an everyday task. For them 
ease of use was a major design criteria.  

 
Selecting a Suitable Activity to Simulate. Stroke survivors in the community who 
attended the meetings were asked to recall activities that they were required to 
complete as part of their assessment of independence when they were in hospital. 
Making a hot drink was reported by several participants as a task used as part of their 
assessment. As an activity to develop into a simulation, the choice of a hot drink 
appeared to be a sensible and logical choice because it is a common task that requires 
the participant to identify a variety of household objects. Additionally it requires the 
participant to be able to understand the purpose and function of these objects.  

Making a hot drink involves the use of electrical appliances and the handling of hot 
liquids, both of these presenting serious hazards to a person with cognitive or motor 
impairments. The simulation of a hazardous activity was a key driver in the choice of 
task. Making a cup of coffee appeared to be a familiar and fairly straightforward task. 
In practice the activity comprises many stages, especially if optional stages (sugar, 
milk) are added, and the permutations of permitted and disallowed actions add to the 
complexity. This was evident during the design of the software.  

 
The Design Team. The principles of ISO 13407 [34] identify a multidisciplinary 
team as key. In the early stages of development different stakeholders were consulted 
as experts on an ad-hoc basis but they were not recruited as part of a project design 
team. Apart from identifying essential components of the simulation, the design 
team’s role involved negotiation between what was desirable and what was practical. 
The appointment of an OTs was important development for the project. The OT was 
able to interpret user problems in terms of possible design solutions. Furthermore 
using her expertise she was able to guide the design specification in terms of layout of 
the VE and positioning of equipment, and to specify the performance data appropriate 
for the assessment of the stroke patient. The OT was primarily concerned as a 
patients’ representative in ensuring that their needs were addressed and incorporated 
into design solutions. How this was done was not her concern but her expertise did 
contribute by ensuring that solutions were appropriate for the user. 

 

Design Specification. The modular approach to designing the VE meant that adding 
an extra object or stage was fairly straightforward. A scoring system for the hot drink 
making task was developed by the OT for use with both real and simulated scenarios. 
A record of the details of interaction and intervention was requested by the OT for 
improved analysis of patient activity. This proved to be invaluable in checking actual 
patient activity against the score-sheet. The register of input sequences recorded by 
the computer provided a comprehensive record of activity in the VE. A comparison of 
computer records and the actual events captured by the digital camcorder were used 
as a basis for identifying and differentiating between user errors and system errors.   

The definition of objects for the VE was straightforward based upon the task 
analysis. The OT requested that rather than using a tap to supply water, a patient on a 
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stroke rehabilitation unit would be expected to use a pre-filled jug. The virtual objects 
were modelled on their real world counterparts.  

 
The Mixed Reality System. The tangible user interface component of the mixed 
reality system used real and varied household objects, remotely sensed, as a means to 
control the input. Unlike mixed reality systems used previously in rehabilitation 
[55],[56], each object in our project had different physical properties and had different 
ways of being handled. Existing vision and sensor technologies were combined and 
adapted to monitor the position and status of real objects in the mixed reality kitchen 
task.  

In the initial version of the MR system detection of metallic and glass objects proved 
to be unreliable and in subsequent versions brightly coloured objects presenting a 
surface of a single hue to the camera (where practical) were used. Confidence scores 
recorded using the amended equipment demonstrated an increase in reliability of object 
detection. In effect there has been a compromise between the use of toy objects and real 
kitchen objects (commonly white or steel) which were not acceptable due to their 
incompatibility with the vision system.   

In the study with the VE, errors of dexterity, initiation, sequence omission, 
selection and problem solving were more common than with the real world task. The 
tangible user interface removed the dexterity and selection issues by eliminating the 
need to select small objects or on a touch-screen using a wand. Developing a TUI that 
encompasses the entire repertoire of possible actions was originally considered but 
early prototypes showed that errors of object recognition occur when the workspace 
within the camera’s field of vision is populated with several objects. The confusion 
matrix shows that real objects have hue spectrums that impinge on that of other 
objects, giving non-zero readings for other objects for which models exist, even when 
they are absent from the scene.  

 
Practical Issues of Implementing a Mixed Reality System on a Ward. Safety and 
storage of equipment were brought into question. The computer was stored securely 
away from the ward and taken to the ward as required. The OT was able to run the 
software without assistance and save user performance data. Portability, storage and 
practical use did not therefore pose major logistical or security problems.  

Ironically the TUI objects must be kept apart from the real objects they emulate, 
and limited to a restricted environment such as a treatment or assessment room so that 
they are not accidentally used for their real purpose. For example the kettle adapted 
for the mixed reality system must never be plugged into a 240V mains electrical 
outlet. In this sense the system has introduced new sources of danger to the task 
whilst attempting to eliminate others. 

The MR system comprised additional equipment that required substantial 
preparation and it would not be practical for a stroke patient to install the equipment 
before a training session. The current MR system would not be practical as a self 
directed learning tool without substantial development to make it easier to operate 
independently. 

The requirement to provide unrestricted movement of the tangible objects has 
drawbacks. Apart from the cost of each object fitted with a radio frequency switch 
they are open to misuse or could even be mistakenly used as real objects. The sensors 
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and associated electronics must be robust to stand repeated impact from patients using 
utensils.  

During trials with patients an event occurred that could have implications for the 
design and implementation of physical interfaces for use in the hospital setting. On 
one occasion, trials of the VE had to be postponed due to an outbreak of diarrhoea and 
vomiting on the ward. Microbes can be spread by patient to patient contact, by staff or 
from a contaminated ward environment. Of the latter, keypads and other equipment 
are implicated as potential hazards [57]. Sanitisation of equipment with a chlorine 
based disinfectant is recommended and hardware must be able to withstand such 
treatment. 

Although the MR system showed that the design attributes of real objects were 
conveyed to the patient by observing how patients handled equipment, one feature of 
the task that is absent is the change in weight of a vessel when liquid is poured into it. 
This is difficult to achieve with TUI objects unless real liquids or weights are used. 
This would impact on the design of the TUI which would necessarily need to be more 
robust to withstand liquids however a development of this sort places the system 
closer along the MR spectrum towards the ‘real environment’ so that it reduces the 
gulf between the simulation and the real world task. 

4   Summary 

The VE and MR systems presented in this chapter have followed a user-centred 
design process. We have investigated errors made by stroke survivors in real and 
virtual environments. Studies with the mixed reality system have enabled us to 
identify practical issues of using this kind of technology in the hospital setting.  

In the early consultation stages, OTs recommended that the task should allow for a 
“hands-off” approach in which the patient/user is permitted to attempt the task 
without the sequence being prescribed. Therapists advised that intervention should 
only be necessary if the patient perseverates, is unable to proceed, or performs a 
dangerous action.  

Barriers to implementation were identified during the consultation phase as cost 
and evidence of clinical effectiveness. Therapists would not adopt a new strategy 
without evidence based research to demonstrate that it was effective and an 
improvement to current practice.  

The reduced cost of desktop VR and increased accessibility to VR has improved 
with the introduction of gaming consoles, thus also clinical effectiveness remains 
important, the expense of equipment is progressively of reducing concern.  

The formation of the multidisciplinary team marked a turning point in 
development. Previously stakeholders had been involved as consultants in the design 
process, playing a passive role in that they were invited to contribute ideas but were 
not involved actively in the design. The formation of a multidisciplinary design team 
resulted in increased collaboration and better access to expertise in the diverse and 
specific professions that this project required.  

Constructing the tangible user interface from a minimal starting point enabled the 
hardware to be tested and constructed iteratively, and for errors and problems to be 
identified quickly before the interface became too complex.  
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Inserting RF sensors in vessels such as mugs and jars makes them unusable for 
their real purpose, although adaptations could be made to permit this. Adapting 
electrical appliances so that they interface with a computer introduces new dangers if 
the equipment is mistaken for a real appliance. Thus storage of the equipment and 
isolation from real equipment is of concern.  

The apparatus must be robust enough to withstand treatment by patients who may 
drop or misuse equipment. Furthermore equipment to be used on a hospital ward must 
be capable of withstanding disinfection. 

The following is a summary of the recommendations for developers of MR 
systems for stroke rehabilitation based upon our findings: 

 

1. Make the positioning of the objects flexible. 
2. Make the sequence in which actions take place flexible.  
3. Ensure stakeholders are involved in the design process from the earliest 

stages. 
4. Consider the interface in the context of the environment and make sure it is 

suitably robust. 
5. Ensure that equipment that has been adapted (especially electrical 

equipment) is not accidentally confused with the real counterpart. 
6. The nature of everyday tasks means that there are diverse actions. Consider 

the construction of the tangible user interface as modular and hybrid. 
7. Start the tangible user interface design with a small number of objects and 

increase gradually through an iterative process.  
8. The multidisciplinary team is essential to bring an appropriate skill-mix to 

the project.  
9. Due to the different backgrounds of the multidisciplinary team there will be 

negotiation between what is desirable and what is practical. Ensure that the 
team agrees with the design specification at an early stage because major 
changes can be difficult to implement when a product or system is almost 
completed. 

 

The mixed reality system we developed allowed us to investigate the feasibility of 
implementing this technology in the hospital setting. Further development work 
would be required for a fully functioning system that could be used independently by 
the stroke survivor. The MR system presented here is unique in that it facilitates 
naturalistic user interaction without the encumbrance of commercial input devices 
such as data gloves and HMDs. The work presented here has demonstrated that a 
mixed reality system is acceptable and feasible as a means of enabling the stroke 
patient to practise an everyday task in a safe, controlled and monitored environment 
but there are still some practical issues to overcome for this to be implemented as a 
viable treatment in the hospital setting.  
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Abstract. Amblyopia, commonly known as ‘lazy eye’, is traditionally treated in 

children by wearing an adhesive patch over the non-amblyopic eye for several 

hours a day, over a period of many months. A novel treatment method, 

involving interactive game-play and watching a movie clip presented within a 

virtual television, has been used to offer a specially developed binocular 

stimulus to the child. This is achieved by using adapted virtual reality (VR). 

Uniquely the child has both eyes open for the treatment; there is no covering of 

the non-amblyopic eye, as per traditional treatments. Preliminary studies 

indicate positive vision improvement and adaptation of this technology offers 

potential for a wider range of applications in vision assessment and treatment. 

This chapter describes the nature of amblyopia and conventional treatment, 

presents a rationale for application of VR technology to provide a novel 

treatment method, describes design and development of the I-BiT® system for 

treatment of amblyopia, and summarises treatment case studies to date. 

Keywords: virtual reality, binocular treatment of amblyopia, visual gaming. 

1   Introduction 

This chapter presents a novel treatment for amblyopia (lazy eye) and the development 

of a virtual reality (VR)-based system to deliver the treatment.  Amblyopia is the term 

used to describe loss of vision which has occurred as a result of an interruption to the 

normal development of the visual system.  Amblyopia is not correctable with glasses 

alone or surgery, although a refractive error (the need to wear glasses) and a squint 

(turn in the eye) may co-exist. The treatment of amblyopia is essentially limited to the 

wearing of an eye patch for prolonged periods of time, up to a total of 200-400 hours 

[1].  This is very onerous for both the child and parent and, consequently, compliance 

with treatment can be poor. The use of eye drops in the good eye to blur the vision 

and encourage use of the amblyopic eye is another option but this method has side 



230 P. Waddingham, R. Eastgate, and S. Cobb 

effects and issues with compliance as well. Treatment of amblyopia makes up a 

significant number of patients in a clinician’s pediatric case-load.  Having another 

treatment option available, which is fun for children and does not impact negatively 

on their schooling or social life, is long overdue. With this in mind, a multi-

disciplinary research group comprising ophthalmologists, orthoptists and technology 

development researchers developed an idea which would not involve the use of 

patching at all – a treatment which would enable both eyes to be open together in 

which the amblyopic eye received preferential stimulation.  

The team considered virtual reality technology as the ideal method for realisation 

of this idea; as VR is usually applied by presenting two offset views of the same 

image to the viewer to provide a composite stereo image, it could be adapted to 

present differing dynamic images to each eye. The requirement was for the image 

presented to each eye to have some level of commonality to allow the two images to 

be perceived as a composite picture, but with preferential stimulation of the 

amblyopic eye offered by providing additional stimuli to the amblyopic eye only. 

Two modes of treatment were developed: 1) passive watching of a movie clip in 

which the movie content provided preferential stimulation and the surround of the 

virtual television was presented to both eyes, 2) interactive game play in which the 

background content of the game was presented to both eyes and target objects 

(tokens) were presented to each eye separately.  The child used a joystick to control 

the game and achieved points for collection of the tokens.   

The Interactive Binocular Treatment (I-BiT®) system is novel in three ways.  

Firstly in that it uses VR technology in a way that it was not intended to be used.  

Rather than attempting to display a true 3D version of an environment by presenting 

equal but slightly different images to each eye (as they would see in the real world), 

for the I-BiT® system the technology is intentionally programmed to provide 

preferential information (in the form of moving images) to one eye.  This is done in 

order to stimulate that eye and encourage it to work where previously it had been 

underused or ‘lazy’. It is however, important to provide appropriate if less detailed 

information to the other, good eye so that the two eyes are being stimulated at the 

same time by the differing but related dynamic images.  Secondly, treatment of 

amblyopia with both eyes open and without penalisation of the good eye (either 

through patching or use of eye drops) is novel. The third way in which the I-BiT® 

system is novel is that it uses computer games and movie clips to provide a treatment.  

In this way it is able to motivate the patients (children) to comply with the treatment, 

in fact there is evidence to suggest that it may be the fact that the children give this 

treatment their undivided attention that makes it so effective.  .  

This chapter presents the story of how we started from a basic idea and the work we 

had to do in order to arrive at a treatment that could significantly improve an amblyopic 

child’s eyesight. The chapter has several sections; sections 2 and 3 provide an overview 

of the relevant fields by covering amblyopia and eye treatment, VR and display 

technologies, and a brief overview of application of these technologies in healthcare. 

Section 4 describes development of the I-BiT® system for use in the treatment of 

amblyopia. Three development systems are described; the research prototype used for 

preliminary case studies and clinical evaluation and two product prototypes for 

treatment delivery. These prototypes are assessed for ergonomic design and usability  
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and suitability for use as a treatment system. Section 5 describes the clinical evaluation 

trials which were undertaken in using the I-BiT® system for treating children with 

amblyopia.  These produced very encouraging results even in children beyond the age 

of 7 years (generally considered to be the age beyond which treatment for amblyopia is 

thought to be less successful). Finally there is a discussion section which summarises 

the outcomes of this research and provides recommendations for the future directions 

that this work should take.  

2   Amblyopia and Eye Treatment 

2.1   Diagnosis of Amblyopia  

Amblyopia is the Greek word for ‘dullness of vision’ and is the term used to describe 

a loss of vision which has occurred as the result of a significant interruption of normal 

visual development. The developing visual system relies on good quality visual 

images and amblyopia can develop when the image coming into one or both eyes is 

either blurred or obscured [2]. Therefore amblyopia can be defined as a disorder in 

which a dysfunction of the processing of visual information exists and this 

‘dysfunction’ results in a deficit of vision [3]. The site of the amblyopia deficit has 

been debated for over half a century. There has been evidence provided by 

neurophysiologists to support theories that the deficit is either cortical or retinal [4]. 

But further animal studies seem to suggest that amblyopia results in anatomical 

changes within the primary visual cortex (VI) [5]. 

2.2   Classification of Amblyopia 

Amblyopia never occurs in isolation [3] and is always the result of a defect [6] such 

as strabismus (squint), anisometropia, or media opacity, which predisposes the eye or 

eyes to amblyopia. Therefore, amblyopia may be either unilateral or bilateral 

(affecting one or two eyes respectively), although it typically affects one eye only and 

is present with varying levels of severity [7]. The prevalence of amblyopia as quoted 

in the literature can vary from 0.2% to 5.3%, this is due to the population selection 

and the diagnostic criteria used to define amblyopia. 

The prevalence of amblyopia is higher in those children who have poor access to 

medical care [8], presumably due to under-treated underlying eye disease. As a 

conservative estimate there are ten million children under the age of 8 years who have 

amblyopia worldwide [9]. If not treated, amblyopia is taken into adulthood. Indeed, it 

has been estimated that, during the first 45 years of life, amblyopia is responsible for 

loss of vision in more people than all other ocular disease and trauma combined, and 

in those aged 20 years and under, the incidence of amblyopia is 10 times more 

frequent than all other diseases and trauma [10]. 

It has been estimated that around 90% of patients’ visits to children’s eye services 

involve treatment for amblyopia [11], due to the large numbers of children with visual 

defects who have squints and/or anisometropia. Therefore, amblyopia is an entity 

frequently encountered by clinicians in the clinic.  
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2.3   Treatment of Amblyopia 

The most common form of treatment for amblyopia involves covering the fellow eye 

with a patch for a prescribed period of time [12], for weeks to many months [13]. This 

method of treatment has been advocated for over 200 years (Garzia [14] reports on 

the first published account of occlusion in 1722 by Saint-Yves). Occlusive patches are 

inexpensive, readily available and quick and easy to apply [15]. This method is 

effective in about 30-92% of cases and in varying degree [16]. However, occlusion 

does not address the problem of binocular function since, whilst the patch is being 

worn, no fusion of the peripheral fields can be experienced. Many children feel they 

are stigmatised by the wearing of a patch [17] and because of this many children 

refuse to wear their patch for the prescribed time.  

Other treatment methods include pharmacological penalisation of the non-amblyopic 

eye which some clinicians only used infrequently such as when conventional occlusion 

with a patch is not tolerated [18]. The use of chemical occlusion with atropine eye drops 

has been reported to have good results [19] and tolerability compared with conventional 

patching, but compliance is still an issue as the parent has to instil the drops several 

times per week. In a meta-analysis review of atropine occlusion it has been 

recommended that atropine can be used as a first line treatment for amblyopia [19]. 

If amblyopia is untreated, or treatment is unsuccessful in childhood either due to 

failure or non-compliance, an individual will take their amblyopia into adulthood 

[20]. Amblyopia which is taken into adulthood can result in exclusion from various 

professions [21]. These professions are those mainly involved with driving, 

navigating or piloting some form of moving vehicle, or the armed forces [22]. Other 

occupations such as ophthalmic surgery are excluded to individuals with amblyopia as 

there is a widespread (but still unsubstantiated) belief that having good binocular 

vision is important [23]. 

The effectiveness of early versus late or later treatment in children with amblyopia 

is still being debated.  A recent study in which data from 36 published papers was 

evaluated confirmed that uncertainties remain about the age which treatment should 

be given for optimal outcome in vision [24]. 

3   Virtual Reality and Display Technologies 

3.1   Virtual Reality (VR) 

Virtual Reality systems comprise computer generated virtual environments, which may 

be representations of real world environments, simulated or abstract environments [25]. 

The term virtual reality (VR) is extremely broad and difficult to define as there are 

many types of VR system and these vary depending upon the hardware used [26]. The 

hardware comprises not only the computer but also the devices needed to present a 

visual display to the user and for the user to interact with the virtual environment 

software. The VR system then, consists of the person using the system, the computer, 

the virtual environment, the input and the output devices. The latter are sometimes 

termed peripherals. The virtual environment is the software component of the system 

and presents a 3-dimensional computer-developed ‘environment’ comprising scenery 

and objects that may be explored and interacted with. Computer code is written to 
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assign behaviour and interactivity to objects in the virtual environment, and 

corresponding changes to the virtual environment that result when a user triggers 

these interactive behaviours. This dynamic interactive ability is one of the features 

which defines a VR system [27]. 

VR is computer-generated technology which allows the user to interact with data 

that is able to simulate the appearance of a three-dimensional environment, although it 

is not necessary for the display equipment to be capable of rendering in 3-D. The 

environment can be used to replicate real world settings and objects or to visualise 

imaginary or abstract concepts. The user is able to interact and navigate as if they are 

moving around ‘within’ the virtual environment.  Immersive experience of virtual 

environments (in which the user is ‘enveloped’ in some way by the visual display, 

either by wearing a head-mounted display or standing inside a virtual CAVE™) is 

considered by some to be a true VR experience. 

The concept of VR has been around since the early 1960’s [28]. However, it has 

only been since 1990s that VR technology has been affordable and more widely 

available to research groups, industry and entertainment.  

For the I-BiT™ system, the appropriate VR formats and options are described 

below. 

Desktop display option. A desktop computer alone does not provide a true 3D 

experience or allow each eye to receive a separate image. The computer needs to be 

attached to a stereo display such as a head mounted display (HMD) to provide a 3D 

effect and enable a different image to be presented to each eye. 

Head mounted display (HMD). An HMD is possibly the most commonly seen 

method to provide a VR display and in addition can provide auditory simulation. This 

is a heavy headset to wear, with a weight of 1kg and is more suited to an adult 

population rather than children. 

I-BiT
®
 trials were conducted using the lighter Cy-Visor DH-4400 HMD (see Fig. 

1) which for our purposes was worn whilst the patient was seated. The headset weighs 

only 160g and is therefore more suitable for pediatric age groups, even though it was 

designed for adult use. 

 

 
 

Fig. 1. Cy-Visor DH-4400 a binocular headset worn by a 9-year old child (reproduced with 

parental permission) 
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Projection systems. Using multiple projectors, images can be projected onto two or 

more walls of a room or cubicle in stereo [26]. The most sophisticated of these 

projection systems is the six wall CAVE™.  The CAVE™ system consists of a room 

which has graphics projected from behind each of the six walls (four vertical walls 

plus the floor and ceiling). This system was invented at the Electronic Visualization 

Laboratory (EVL), Chicago, Illinois, USA in 1992. The projected graphics are in 

stereo and fill the users’ field of vision (Royal Institute of Technology, Sweden, 

undated).  Stereoscopic glasses are usually worn within the CAVE™.  These glasses 

simulate stereoscopic vision, which is based on the disparity between the viewing 

perspectives of each eye.  This process (stereopsis) gives depth perception and 

therefore enhances the 3-dimensional effect seen through the glasses.  One of the 

users will wear glasses that are fitted with a tracking device that passes information to 

the computer to determine alterations in the projected images in accordance with the 

participant’s movements.  This tracking will typically be achieved using electro-

magnetic or infra-red sensors.  Using this method the tracked user is able to correctly 

perceive virtual objects positioned within the CAVE™ whilst moving around them.  

Other participants wear glasses which do not have a tracking device but by standing 

near to the tracked user they may also experience something approximating to 

realistic stereopsis. As processing power and display frame rates increase it is now 

becoming possible to track more than one user in a CAVE and provide them each 

with a realistic stereo view.  Simpler projection systems use fewer walls, the simplest 

being a single wall system.  Even a single wall system can provide a very immersive 

experience if the screen is large and/or curved to wrap around the user, and the rest of 

the room is dark.   

BOOM system. The Binocular Omni Orientational Monitors (BOOM) system 

consists of a head coupled stereoscopic display, similar to an HMD. Instead of being 

worn on the head the optical system and screen are all contained within a housing 

which is attached to a multi-link arm (or boom) which is fixed at the other end to the 

floor or other suitable surface.  The virtual environment is seen via two lenses  in the 

housing. Head tracking is also provided by sensors which are attached to the links of 

the arm holding the housing [29]. 

Other VR displays. The most common VR displays are described above, however, 

there are other displays in use including the Cyberscope which uses mirrors and is 

described later in section 4 of this chapter.  Of the displays not yet mentioned the 

most notable are the stereo desktop systems which use either stereoscopic glasses (as 

used with projection systems) or lenticular lenses mounted on the display itself, which 

allow the user to see a 3D image without using any eye-wear.  The disadvantage of 

these eye-wear free systems is that the stereo image is not as deep or convincing and 

it can only be seen correctly from certain positions or ‘sweet-spots’.  Another display 

system worthy of mention is the virtual retinal display (VRD) which uses low power 

lasers or LEDs to draw images directly onto the retinas of each eye in a raster scan 

formation.  Eye-tracking technology can be used to locate the users’ eyes in order to  
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correctly align the retinal displays.  The advantages are that this method can produce 

very high resolutions and increased numbers of colours whilst consuming very low 

power.  It also has the potential to provide the effect of a large screen stereo display 

from a very small device.  At the time of writing this there are no available consumer 

devices using this technology. 

3.2   VR in Healthcare 

VR has been used in many applications in healthcare. These applications include training 

and teaching [30, 31], VR assisted surgery [32], telemedicine and rehabilitation [33]. A 

recent examination of literature describing use of VR for virtual rehabilitation indicates 

that demonstration applications developed in 1990s showing feasibility of the technology 

are now being evaluated for clinical effectiveness with promising results in a number of 

areas including stroke rehabilitation and assessment [34]. Use of VR technology for 

assessment and treatment of patient conditions is increasing as is application of the 

technology to offer simulation training to medical professionals.  

The use of simulators in training can address two of the priority areas highlighted by 

Rogers et al. [35] for intervention strategies to reduce surgical error, and improving 

surgeons’ ability to perform operations in which they have limited experience. VR 

simulation is considered to offer further advantages to traditional training methods by 

providing an interactive, 3D way of learning which is not afforded by books and a 

relatively inexpensive and more accessible alternative to training using cadavers and 

animal tissue [36].   

In minimally invasive surgery, surgeons are required to develop 3D mental models 

and engage in problem solving based on these whilst viewing 2D images on TV 

monitors – thus requiring perceptual motor skills very different to those in open surgery 

[37]. The use of simulators can help to improve psychomotor skills, hand-eye 

coordination, improve dexterity and ambidexterity, spatial accuracy, navigation and 3D 

perception [37, 38]. Simulators can be used to teach specific skills required for specific 

surgeries and allow evaluation of these skills through objective measures (e.g. task 

completion times, measuring unnecessary hesitation at different steps in the procedures, 

and accuracy (e.g. collision errors with anatomical structures which are not supposed to 

be touched, incorrect sequence of steps, force applied to structures – some of these 

could be tracked and logged directly by the simulator). These objective measures can be 

complemented by qualitative measures of non-technical skills [39, 40].  

4   Development of the I-BiT® System for Treatment of Amblyopia  

It was considered that VR technology could be used for I-BiT® presentation because 

it offers; 
 

• Control over the content, resolution and contrast of images presented to each eye 

• Control over the visual angle to compensate for any deviation of the eyes and 

IPD. 
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Whilst a VR system commonly provides a stereo image, it can be adapted to produce 

non-stereo dynamic images presented to each eye. It was this adaptable aspect of VR 

that was considered important for amblyopia treatment. The basis of the I-BiT® system 

is that it is possible to present an image separately to each eye. Not for the purpose of 

providing a stereo image, but as a means of presenting different visual content to each 

eye, in which at least one of the images includes dynamic stimuli. Fig. 2 shows an 

illustration of a fish tank constructed by the authors in an otherwise empty Superscape® 

3D environment. 

 

 

Fig. 2. Illustration of the concept of the I-BiT™ system in which differing but related images 

are presented to each eye 

The basic principle is that the amblyopic or lazy eye is shown the interesting part 

of the visual scene (in this case, the fish), whilst the good eye is shown the less 

interesting part (the background).  Due to the principles of simultaneous perception, 

when viewed through a stereo viewer the patient should see the fish in the tank if they 

are using both eyes at the same time. Therefore, the amblyopic eye receives 

preferential visual information from the fish moving in the tank, as this is the 

interesting part of the visual scene.  This is to avoid the image seen by the amblyopic 

eye being ‘switched off’ or suppressed, by the brain.  Suppression would prevent both 

eyes being used together and the basis of the I-BiT® treatment is that the patient 

should use both eyes together. Therefore, it is essential that the construction of the 

images presented to each eye is such that suppression is kept to a minimum.  To make 

sure that the patient is able to fuse the image (i.e. line the two images up correctly) 

there should be a significant number of elements (e.g. the base of the tank and the 

plants) that are common to both images. The presentation of two different but related 

images is achieved by constructing two ‘parallel’ models of the same visual 

environment, with each version having significant differences between them (see Fig. 

3). A viewpoint for each eye is then set up to view one of the versions, and the 

viewpoints are linked such that they ensure that they are viewing their respective  
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version of the environment from the same height and angle. To preserve the 3D 

perception of the images as viewed by the patient an appropriate lateral distance is 

maintained between the positions of the two viewpoints relative to their version of the 

environment [41]. 

 

 

 

Fig. 3. Two different versions of the same fish tank environment are being viewed from two 

viewpoints (the red boxes within the yellow rectangles) 

Having established that VR could provide separate stimulation to each eye we then 

had to decide how to implement this treatment using VR.  The VR activity would 

need to keep a patient motivated to look at the stereo display for a long enough time 

for the treatment to have a positive effect.  At this time we did not know how long this 

would be but given that patching takes about 200-400 hours to improve the vision in 

the amblyopic eye [1] we expected that our patients might need to be using our 

treatment for a similar time period.  Knowing that children (our expected user 

population) love to play computer games and watching television we set about 

devising games and a virtual television for our system. 

4.1   The I-BiT® System Multi-disciplinary Development Team 

An inherent aspect of the I-BiT® research project was the multi-disciplinary 

development team comprising a variety of stakeholders and clinical users. The project 

required different strands of research including: technology design and development, 

computer programming, human factors (ergonomics) assessment and single case 

experimental design studies. This necessarily involved input from different members 

of the project team. Clinicians (orthoptists and ophthalmologists) were engaged 

directly in the design process as equal partners with the designers which enabled 

faster iterative development of the software. Fig. 4 shows a simplified representation 

of the contributions of different team members to the project. 
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Fig. 4. The I-BiT® System development structure showing integration of expertise from 

different members of the multi-disciplinary research team 

 
An iterative design process was applied in which a design specification fed into 

design and development of the hardware and software components of the system.  

Usability studies were conducted to assess aspects of system performance and 

interface design. Outcomes from these studies informed system review and the 

generation of modifications required, leading to new design specifications. The 

research system prototypes were then used for patient trial studies. VR technologists 

built the research prototype and the computer games and interface software in 

accordance with requirements and specifications from other members of the team. 

The clinicians defined general requirements for the presentation stimuli to each eye 

and provided design input to the clinician interface. They also made suggestions as to 

how the games should be constructed. The clinical trial studies were conducted by the 

research orthoptist (lead author of this chapter PW) within the ophthalmology 

department, based at the Nottingham University Hospital. Ergonomists provided input 

to design and interface specifications and conducted usability studies.  All project 

members reviewed prototype designs. 

4.2   I-BiT® Interactive Treatment Mode: Game Design 

The unique visual configuration for the stereo displays of the I-BiT® system meant 

that off-the-shelf games could not be utilised and software had to be specifically 

designed for both compatibility with the system and the specific requirements of the 

game design.  
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Requirements for the games were: 

• An image to be presented to each eye simultaneously with both eyes 

receiving separate/different stimuli of interest. 

• A significant percentage of common features to allow images to be correctly 

fused. 

• To provide adequate entertainment for a child for approximately 10 minutes. 

• To be played on numerous occasions in the same format. 
 

A racing game was designed so that the two viewpoints were largely different but 

complementary, with each eye seeing images that constructed the full, final, image.  

The three panels in Fig. 5 show the racing game image as presented to each eye (the 

left and centre panels) and the composite image when both eyes are being used (the 

panel to the right).  In order to get the child to focus on the game, each eye is 

presented with half a target and alternating white lines in the centre of the road. This 

means that one eye sees the nearest white line; the other eye sees the next white line, 

etc. In order to facilitate fusion some elements, such as the ‘checkpoint’ banner posts, 

were displayed to both eyes.  To play the game, the child is told to focus on the target 

and to try and drive the car while collecting the icons within the game. 

 

 

Fig. 5. The driving game. Images seen by right and left eyes are in first two panels. The third 

panel shows the combined images, which should be seen by the patient if both eyes are being 

used together during the binocular treatment. 

4.3   I-BiT® Passive Treatment Mode: Using Movie Clips 

It was considered that the interactive game may be difficult for very young children to 

do and also may not support maintained interest for the duration of a treatment session.  

A passive treatment mode was also developed which allowed the patient to watch a 

movie clip for the remaining duration of a treatment session.  It should be noted that, in 



240 P. Waddingham, R. Eastgate, and S. Cobb 

this context, passive refers to the control activity of the patient – they merely watch the 

movie but are actively involved in the interactive game play.  In both treatment modes 

the amblyopic eye is actively stimulated in preference to the good eye.  

Movie clips were accessible via a menu system selected on the clinician screen and 

watched on a virtual TV within the virtual environment. The practitioner could select 

which eye was presented with the video content and which was presented with the 

blank TV screen.  A selection of movie clips, selected to appeal to a range of ages and 

different gender, were loaded onto the computer, from which the child could choose 

one.  Movies were divided into twenty minute sections. 

The design criterion, for the movie clips were: 
 

• Stimuli of interest to be presented to the amblyopic eye 

• Peripheral stimulation to the non-amblyopic eye 

• An image presented to each eye simultaneously 

• A method to allow for the clinician to check if the amblyopic eye is 

being used. 

4.4   Development of the I-BiT® System Research Prototype 

Having decided what we wanted the I-BiT® system to do we set about developing a 

research prototype.  The first research prototype (see Fig. 6) of the I-BiT® system 

used a device called a Cyberscope to provide the separate displays to each of the 

patient’s eyes. This device is mounted onto the front of a monitor and uses four 

mirrors, two per eye (see cutaway diagram in Fig. 7), to split the display into two 

halves, the left half being presented to the left eye and the right half being presented 

to the right eye. 

 

 
 

Fig. 6. The I-BiT® system research prototype used by a 6-year old child (reproduced with 

parental permission) 
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Fig. 7. What’s in the box? – illustration cutaway of The I-BiT® system research prototype  

 
A display housing was constructed using expertise within the engineering faculty 

at the University of Nottingham. This prototype was intended to demonstrate 

feasibility and proof of concept and was constructed using technology and equipment 

available.  The computer used had two graphics cards installed, one driving the 15” 

patient monitor inside the wooden housing and another driving a 17” monitor for use 

by the clinician when controlling the setup of the treatment software.  The wooden 

housing was built so that when mounted on a standard office desk it could be used 

comfortably by children between the ages of 3 - 8 sat on an appropriate height 

adjustable chair (shown in Fig. 6).  

The software incorporated the control panel (displayed on the clinician’s 17” 

screen), and the games or a video playing virtual TV (displayed via the Cyberscope to 

the patient).  The control panel allowed the clinician to perform a wide range of 

operations controlling the way that the patient’s display was set up.  These included 

selecting the game to be played (or the movie player), selecting which eye is to be 

treated (which is the amblyopic eye), and controlling the volume level of the 

accompanying sound for the game or video.  They could also monitor the patient’s 

progress through the treatment via a window showing what the patient was seeing. 

4.5   Usability Evaluation of the I-BiT® System Research Prototype 

Usability observation studies showed that participants were distracted by the clinician 

screen whilst they should have been immersed in watching the virtual environment 

through the display unit. The younger children, aged 3-4 years of age, were more 

easily distracted by the experimenter clicking on the mouse.  

Clinician and parental feedback highlighted a number of issues for improvement. 

These included participant comfort; specifically, the lack of a footrest under the desk 

to support their feet (this may also reduce fidget movements) and also a chin or 

headrest to support the head in the correct position in front of the viewing holes.  The 

use of movie cartoons was an engaging stimulus and many of the participants 

exhibited great pleasure in watching them.  The pilot trials with children aged 5-7 

showed that the system is easy to use and very well liked by children.  However, 
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considerably more activities are required within the system to maintain children’s 

interest over numerous repeated sessions.  

It was evident that further work was required to develop both the hardware and 

software elements of the I-BiT® system before it could be considered suitable for 

commercial development.  The following section describes initial prototyping for a 

housing to support delivery of the patient and clinician display screens.   

4.6   Development of Prototype #1  

One of the objectives for a commercially acceptable product was that the elements of 

the I-BiT® system (patient display, clinician screen and control devices) should be 

encompassed within a single unit.  Prototype #1 built upon the box housing used for 

the patient display in the research prototype but placed the clinician monitor on the 

side of the viewer box (see Fig. 8).  There were several advantages to this layout; the 

patient and clinician displays were housed within a single unit, thus the overall system 

was smaller and neater; the clinician was positioned at the side of the patient rather 

than next to them.  This provided the clinician with a clearer view of the patient so 

that they could check that they were looking into the viewer box correctly, it also 

meant that the patient could not see the clinician’s screen and so they would not be 

distracted during treatment.  An adjustable chin and forehead rest was added to allow 

patients to use the system for extended time periods with greater comfort. 

 

 
 

Fig. 8. I-BiT® system prototype #1 

 
One of the outcomes from the clinical case studies (described in section 5) was that I-

BiT® treatment may not be restricted to children under 8 years old, but that it may also 

be suitable for older children and possibly adults.  A commercial product was therefore 
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required to be suitable for use by all ages.  The viewer box developed for prototype #1 

was mounted onto a height adjustable table and had wheels for portability.  

4.7   Usability Evaluation of I-BiT® Prototype #1  

The height adjustable table allowed presentation of the viewer at the correct height for 

adults and children but created different postural concerns as detailed below.  

Adults were not able to position the seat close enough to the table to allow them 

make use of the chair back support. This was because they needed to place their feet 

on either side of the height adjustment column. Trying to get close enough to the 

viewer also meant that the table was sometimes pressed against the upper part of the 

chest (see Fig. 9). 

 

 
 

Fig. 9. Incorrect back support for adults due to the central support column 

 
Children needed to perch on the edge of the seat to get close enough to the viewer 

and the table was sometimes pressed against the abdomen.  Also there was not enough 

room for them to hold the interaction controller on their laps as the adults could, and 

so they had to place the controller on the table and then reach up to hold and control it 

(see Fig. 10). 

 

 
 

Fig. 10. A 4-year old child had to sit close to the edge of the chair to reach the chin and forehead 

rest and joystick (picture reproduced with parental permission) 
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Having the clinician’s monitor fixed to the height adjustable table also caused 

some problems for clinicians. When the system was set at the lowest height for 

children, they would have to crouch over the keyboard to control the interface (see 

Fig. 11). 

 

 
 

Fig. 11. Demonstrating that when the system was positioned at the correct height for the child 

the clinician would have to crouch over the keyboard 

Feedback from the clinicians was generally positive, as they felt the system now 

looked liked an impressive piece of ophthalmic equipment.  However, they raised the 

issue of discomfort for clinicians and also concerns that children may not be able to 

sit at the viewer for sufficient viewing time (30 minutes).  Those clinicians who gave 

feedback on the equipment also considered it very important for the system to be 

more compact and portable as the adjustable table did not fit through standard 

doorways.  To make the system more stable so that it could not be knocked over extra 

weight was added to the base.  However, this made the equipment too heavy to be 

easily moved to and from clinic rooms as required.  Further, the illustrated adjustable 

table (Fig. 8) was too large to go through standard doorways.  To reduce the size of 

the table, the keyboard could be eliminated completely and be replaced by a touch 

screen.  However, a touch screen is significantly more expensive than a keyboard and 

mouse and would have required some changes to the software. 

 
Usability issues identified   
 

• Both children and adults were not seated in a neutral position which made 

sitting for long periods uncomfortable.  This could be remedied by having 

the viewer closer to the patient. 

• The chin rest was difficult to adjust to the correct position and the forehead 

rest was incorrectly positioned relative to the chin rest.  

• The table protruded too far out towards the patient making it difficult for 

them to adopt a comfortable position whilst using the system.  This would 

have presented even greater problems for wheelchair users. 

• There was nowhere to rest the joystick on the table. 
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Suggested modifications 
 

• Attach a chin rest to the viewer box instead of the table.  

• Rearrange the configuration of the wheels to enable the chair to get closer.  

• Attach a flip-out footrest to the central support. 

• The joystick could be replaced with a game-pad, preferably a simplified one 

with less buttons to use (but note that a wireless control would not be an 

option in a hospital, due to its possible interference with other medical 

equipment). 

• Due to the constraints of clinical rooms it would be useful to offer the option 

of fitting the clinician’s monitor to the right or left of the housing. 

4.8   Development of I-BiT® Prototype #2  

The need for comfortable presentation of the viewer box for a range of users from 

small children to adults led to a completely different design in prototype #2. Instead 

of mounting the viewer box on a horizontal table surface, which required patients to 

lean forward to look into the viewer, it was now mounted on an articulated arm that 

could be moved to different angles of presentation to suit the patient (see Fig. 12).  

 

 
 

Fig. 12. Showing the side view of Prototype #2 with an adjustable viewing display on articulated 

specialist arm 

The remote controlled articulated arm enabled the system to be used for 

participants of varying heights, from children (Fig. 13) to adults (Fig. 14).  As this 

viewer could extend a large distance from the stand the problems caused by the 

central support with regard to sitting comfortably at the system evident in prototype 

#1 were eliminated. 
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Fig. 13. 3-year old child using prototype #2

(reproduced with parental permission) 
            Fig. 14. adult using prototype #2 

 
This allowed patients to sit comfortably in a chair with appropriate back support 

and the clinician moved the articulated arm to present the viewer box to them at the 

correct angle.  This also eliminated the need for a head or chin rest to support the 

patient’s head.  It also meant that the patient should be able to sit for the specified 

treatment time of 30 minutes without becoming uncomfortable and restless.  

As the clinician’s monitor screen was not fixed to the height of the patient’s viewer 

box it was also more comfortable for them to access the clinician screen (Fig. 15). In 

addition the width of the trolley, to which the system was attached, had been reduced 

to enable it to be moved through a standard doorway.  

 

 
 

Fig. 15. Clinician using screen at a comfortable height 
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4.9   Usability Evaluation of I-BiT® Prototype #2  

Usability evaluation of prototype #2 indicated that many of the problems with 

prototype #1 had been satisfactorily resolved.  However, some new problems were 

presented with prototype #2.  These are summarised in Table 1. 

 
Table 1. Summary of usability benefits and problems in I-BiT® prototype #2 

Feature Benefits Problems 

Viewer box mounted 

on an articulated arm 

The arm can be moved with a 

remote control. System now suitable 

for all height of patients. Also a 

better position for the clinician. 

The first part of the 

procedure involves 

manually unlocking the arm 

with a specific tool.  

System very solid 

and stable for use in 

the clinic 

Unlikely to be pulled over by 

patients. 

As with prototype #1, this 

is very heavy for one 

person to move. 

Reduction in width 

of the table. 

Easier to move around from room to 

room. 

 The clinician is now based 

at the other end of the 

system from the patient. 

Therefore, it is now 

difficult to observe the 

patient and ensure they are 

looking correctly down into 

the system. No assistance 

can be given to the child to 

help with driving the game. 

 
It is apparent from reviewing these three prototypes that solving one usability 

problem often results in the creation of new usability issues and that it may be 

necessary to adopt some compromises in order to arrive at an appropriate solution.  

For our next design phase we will define a minimum specification that the system 

must conform to  with an additional list of desirable attributes that we would like to 

see incorporated. 

5   Clinical Evaluation Trials 

Clinical case study trials were conducted to assess suitability of the I-BiT® system as 

a viable treatment of amblyopia.  These studies examined different aspects of system 

design and use and were conducted at two different sites by two clinical research 

teams; the orthoptic unit at Queens Medical Centre, Nottingham and the orthoptic unit 

at Gartnaval Hospital, Glasgow.   

These studies aimed to address the following research questions: 

• Is the I-BiT® system suitable for younger children (i.e. those aged 3-7)? 

• How effective is the I-BiT® system as a treatment for amblyopia? 
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There were differences in the study design for the treatment studies conducted in 

Glasgow and Nottingham relating to patient selection, I-BiT® system configuration 

and data collection [42, 43]. The Glasgow study had children who had previously 

received treatment for their lazy eye, but which had failed to improve their vision 

(either due to patching failure or non-compliance).  The I-BiT® system configuration 

they used was a standard PC with the Cy-Visor Headset viewer (shown in Fig. 1)  The 

Nottingham study recruited children who had not previously had treatment to their 

eyes, other than the wearing of corrective glasses. The I-BiT® system configuration 

used at Nottingham was the Cyberscope Desk viewer (shown in Fig. 6) with a laptop.   

5.1   Study Results 

The first pilot study, carried out in Nottingham [44, 45, 46] conducted to demonstrate 

proof of concept used the Cyberscope (the research prototype). This study yielded 

extremely positive results showing exceptional improvement in vision for children 

with very dense amblyopia. This surprising result demonstrated that children with 

very poor vision could see, and respond to, the visual display with their amblyopic 

eye.  Moreover, the significant improvement in vision over a relatively short period of 

time (6 weeks, with an average treatment time of less than 3 hours) compared to 

traditional occlusion therapy (several months), suggests that the neurology of 

amblyopia is not time-dependent.  A follow-on study [43] provided further indication 

of this as dramatic improvement in vision was observed after only two sessions (one 

hour of total treatment).  However, although vision improved in 17/19 patients, the 

degree of improvement was variable, suggesting that children respond differently to 

the treatment as in traditional patching therapy. There was no pattern of response to 

the different types of amblyopia.  

The Glasgow studies [42] were all conducted using the Cy-Visor headset.  A pilot 

case study carried out in Nottingham verified acceptance and reliability of the Cy-

Visor headset as an alternative display, despite the need for a reclined patient posture 

and adult supervision required to hold the headset in place  The Glasgow treatment 

study corroborated the findings of the Nottingham studies but had a larger sample of 

occlusion treatment failures and/or refusers.  Statistical analysis of change in visual 

acuity (VA), tracked over time, verified the rapid effectiveness of I-BiT® treatment, 

in that the effect occurred within two hours of total treatment time or less. 

Despite differences between these studies having used different display devices, in 

studies applied by different research teams at different clinic locations, the overall 

pattern of results are similar.  Some of these patients had previously failed to improve 

with occlusion treatment, yet displayed improvement in vision using the I-BiT® 

system. 

5.2   Study Outcomes 

With regard to the research questions, these results indicate: 
 

• The I-BiT® system can be used by younger children although they have 

difficulties in playing the interactive computer games.   

• The existing headset is unsuitable for children, even the older ones in this study. 
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• The I-BiT® system appears to be a very effective treatment for amblyopia, 

producing rapid improvement in VA after only a few hours of treatment.   

• Vision has improved dramatically in some cases although there is variability in 

measures.  The system needs to be adapted to better suit the needs and interests 

of the younger age group. 

6   Discussion 

The results of the clinical case studies demonstrate improvement in vision even 

amongst those who may be considered to be ‘difficult’ cases (i.e. they had very poor 

vision at the start of the trial and they were above the ideal age for successful 

treatment of amblyopia). Moreover, the rapid improvement in vision suggests that 

something unique to the I-BiT® system triggers response from the amblyopic eye that 

is not achievable using traditional treatment methods.  We consider that this is due to 

the affordances of VR that have been adapted for presentation in the I-BiT® system; 

individual presentation of different, but related, dynamic images to each eye.  

The innovation of I-BiT® treatment is that the game is played with both eyes open 

and the amblyopic eye is given additional visual stimuli to encourage the eye to be used 

and hence the vision to improve. Traditional amblyopia treatment provides uniocular 

stimulation only (i.e. stimulating the amblyopic eye on its own, whilst occluding the 

other eye). Binocular treatment in which both eyes are open and attending to the same 

task activity (achieved only through assimilation of the combined images presented to 

each eye) is a world first and this innovative technology has an international patent. 

The main outcomes of this research are as follows: 
 

• We have developed a software demonstrator that shows how VR technology 

can be used to treat lazy eye conditions. This system will be the first of its 

kind that offers diagnosis and treatment in which the two eyes work together. 

• This varies from conventional uses of VR in that the views given to the 

patient via the stereo display are not a true stereo image of a Virtual 

Environment (VE).  Instead each eye is given an image of a different 

environment with some common features.  It is proposed that, by controlling 

the content of the two VEs, a lazy eye can be encouraged to work without 

masking the good eye.  The view of the environment(s) given to one of the 

eyes can be from a different angle to that provided to the other eye.  

• We have adapted existing VR software (with our own programming code) to 

allow us to manipulate the two virtual environments independently (one for 

each eye) in real time and in 3D (this would not be possible with other 

graphics technology).  We have also developed a software interface that 

enables the practitioner and/or patient to control the amount of deviation in 

viewing angle between the two eyes. 

• We believe that this system could be further developed to allow us to explore 

other areas of Ophthalmology in more detail than has been done before, to 

the benefit of patients everywhere.  We view this as an important first step 

into an important new field. 
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This chapter looked at the assessment of the I-BiT® technology for amblyopia 

treatment and included aspects of design, usability, comfort and acceptance. These 

were assessed using various ergonomic methodologies. A pre-trial usability study was 

carried out using the research prototype and this was useful in obtaining information 

which was then used in the clinical studies.  

The design specification of the prototype #1 was described along with the changes 

which were incorporated into its design from feedback of the research prototype. 

Prototype #1 was then assessed by the experts in the Human Factors Research Group 

at the University of Nottingham. Further suggestions were made and prototype #2 was 

then built. This incorporated some of the suggestions made from the assessment of 

prototype #1. 

If the system is to be used by a larger cohort of patients of differing ages, then a 

greater variety of games would have to be provided to maintain interest. Possibly 

improved graphics would be necessary, similar to those available on home games 

consoles. We have now obtained funding to further develop the system to provide a 

version which is commercially viable and suitable for use within a clinical environment. 

Further clinical trials will be conducted to assess usability and treatment effectiveness.  
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Abstract. In this chapter, how children with disabilities are at risk for restricted 

participation in play opportunities is discussed. Play development in children 

with and without disabilities is reviewed to provide context and to examine the 

developmental consequences of not participating in play opportunities. A 

theoretical perspective is taken to discuss how the person-environment process 

is influenced by virtual reality. Research studies that relate how children with 

disabilities engage with virtual reality, and experience enhanced self-efficacy, 

motivation, playfulness is presented. Concluding remarks are aimed at rehabilitation 

professionals and others who work with disabled children to enable participation in 

play.  

Keywords: virtual reality, children, play. 

1   Introduction 

Play possesses characteristics that are believed to be mutually exclusive and that arise 

from different theoretical perspectives. These have been described by [1] as six 

factors: intrinsic motivation, focus on means rather than ends, organism-centered 

rather than object-centered behavior, relation to instrumental behaviors, freedom from 

externally imposed rules, and active engagement.  In play an activity is done for its 

own sake; it is not ruled by external rules. Play can be spontaneous and is 

characterized by self-imposed goals. Rubin and colleagues [1] discuss the concept of 

internal locus of control in viewing play as organism-centered where the organism 

becomes aroused and stimulated through play. Play does not use real behaviors but 

pretend ones. Play has been seen by some theorists as being different than games, 

where there is more flexibility built in. Finally, the player is actively engaged in a 

play activity. 

Parham et al., [2] describe several theories each contributing their own explanation 

of play. They classify these theories into classical and modern theories.  Classical 

theories attempt to provide reasons for the existence of play and to determine its 

antecedent conditions and its inferred purpose [3 – 6].  The modern theories address 

both the causes of play and the role of play in development [1, 7-10].  Through the 

facilitation of physical and social development, play can enhance a child’s self-esteem 

[11-13].  Vygotsky [14] added an additional dimension emphasizing that the effects of 
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play on a child’s development cannot be fully understood without considering the 

context of the play experience.   

1.1   Play as Occupation 

Play has been described as both the earliest occupational behavior and the primary 

occupation of children  [15,16]  From infancy through to middle childhood play both 

reflects and contributes to the physical, cognitive, social, language and emotional 

aspects of child development [10, 15, 17-18].   In the occupational therapy literature, 

play is also viewed as the primary occupation of children and has been defined as 

“that which children do”[19].  By engaging in the occupation of play, children learn 

how to follow rules, communicate effectively with others, and prepare for adulthood 

by imitating adult roles (e.g. adult occupations).  The view of play as an occupation 

shifts the focus away from just the effects of play on the development of the child, to 

encompass the transaction between the child and the environment [20]. In the area of 

physical development, active engagement in physical games and sports has been 

shown to help children and adolescents learn about their bodies and how to react to 

the environment [21]. Engagement in physical play also serves to develop self-

competence, and, children and adolescents who engage in physical play are more self-

confident, outgoing, and socially adjusted [12]. 
 

1.2   Play and Children with Disabilities 

Play is also important in the development of children with physical disabilities such as 

cerebral palsy (CP).  CP is a neuromuscular disorder characterized by non progressive 

abnormalities in the developing brain that leads to neurologic, motor, and postural 

deficits in the developing child [22].  Children who are unable to engage in normal 

childhood play experiences because of a physical disability, such as with CP, may 

encounter secondary social, emotional, and psychological disabilities [23].  This can 

result in an increased dependency on others, decreased motivation, a lack of 

assertiveness, poorly developed social skills and lowered self-competence [19].  

Several studies comparing the engagement in play activities, of children with 

disabilities and children without disabilities, provide some evidence that children with 

disabilities may not be developing certain skills due to the barriers in their play 

experiences [19, 24-25] The study by Hestness and Carroll [25] provides evidence 

that children with disabilities spend more time in solitary play and on-looking 

behaviors than their typically developing peers.  Qualitative studies looking at the 

perceptions of play for young people with and without disabilities found that young 

people with disabilities report environmental and personal barriers as having an 

impact on their play [20, 31].    

This section reviewed theoretical perspectives on the development of play, examines 

play through an occupational lens, and discusses how the occupation of play is restricted 

in children at risk. In the next sections, we discuss the theoretical importance of person-

environment fit, and illustrate how virtual reality has the potential to influence the 

person-environment fit to maximize play for children who have physical disabilities. 

Finally, the impacts of engaging in play in a virtual environment will be discussed.  
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2   Person-Environment Process 

In this section several concepts drawn from the field of occupational therapy and 

cultural anthropology will be discussed to relate how a virtual environment provides a 

place and space that enables an experience of a good person-environment fit.  

2.1   Person-Environment Fit 

The notion of person-environment reflects an occupational therapy view of how the 

environment and the person engaged in an occupation are sometimes in conflict. The 

notion of person-environment fit has a place in the work literature [41]. This poor fit 

between environments and what a person does is often the result of disability when 

viewed from a rehabilitation perspective.  People with disabilities have to constantly 

renegotiate their view of themselves and what they do as they ascribe meaning to 

occupation and the environment around them [26]. Concepts drawn from cultural 

anthropology [27, 28] help us to understand how these relationships exist.  Using 

Figure 1, the relationship between persons, their environment, and their occupations 

can be demonstrated. Change in any part of the person-environment-occupation 

interaction will affect the person’s occupational performance.  
 

 
 

Fig. 1. Person-Environment-Occupation Model (adapted from Law, M., Cooper, B.A., 

Strong, S., Stewart, D., Rigby, P., & Letts, L. (1996). The Person-Environment-Occupation 

Model: A transactive approach to occupational performance. Canadian Journal of Occupational 

Therapy, 63, 9-23, p. 18 

2.1.1   Gesture Recognition Technology and a Virtual Environment Process 
The 1996 patented Mandala® Gesture X-treme IREX Virtual Reality system, 

developed by Vivid Group Inc., from Toronto,
1
 Ontario, Canada is used worldwide. 

                                                           
1 Vivid Group,  317 Adelaide St. W., Suite 302, Toronto ON, Canada, Phone: 416-340-9290, 

Fax: 416-348-9809, Email: info@vividgroup.com, Web: www.vividgroup.com 
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This system uses a video camera as a capturing and tracking device to put the user 

inside VR experiences. The user sees him/herself on a TV screen and the virtual 

environment responds to his/her movements. The user does not have to wear, touch or 

hold anything. Through the use of the system’s “video gesture” capability, the 

movements (e.g., reaching, bending) trigger visible or invisible icons to score points, 

and manipulate animations (e.g. playing a virtual drum kit, playing volleyball, or 

painting a picture).  

3   A Theoretical Perspective on the Person-Environment 

Experience  

This section discusses how the virtual environment interacts with gesture recognition 

software of the Mandala® Gesture X-treme IREX Virtual Reality system in order for 

an individual to engage in virtual play experiences. Three concepts illustrate how a 

person who is disabled can experience a good person-environment fit so that they can 

participate in play. The concepts are relevant to the ways in which people with 

disabilities interact with virtual environments (VE).  
 

(i) environmental centralization – refers to the way in which the 

environment is manipulated over time to accommodate increasing 

limitations of the body through closing off of peripheral areas and the 

concentration of living space in central zones.  This concept has been 

studied in the aging literature with respect to how older persons can 

interact with their features of their home environment [27]. 

(ii) Entexturement – refers to highlight the individual’s awareness of the 

body in respect to a variety of media with different sensory “textures” 

such as space, light, color, visual imagery, activity, rhythm, content, 

pace, ambiance, and sound [27].  Entexturing may be thought of as an 

individual’s regulation of activity, of aural and visual stimuli, and color, 

and other sensory media that surround the body in order to produce, if 

possible, a finely articulated and satisfying whole.  

(iii) Personalization - refers to taking possession of an environment, completing 

an environment, or changing it. This concept is discussed in the environ- 

mental literature [42]. 

3.1   Application of the Theoretical Perspective 

Drawn from research at the University of Toronto, the concepts environmental 

centralization, entexturement, and personalization are illustrated with examples to 

explain  positive person-environment interactions related to virtual reality that enable 

children with cerebral palsy to experience doing play.  

3.1.1   Environmental Centralization Case Scenario 

A 10-year old boy (JL) with spastic quadriplegic cerebral palsy sits in a manual 

wheelchair while he engages with a virtual reality system at the University of  

 



 Doing Play in a Virtual Environment 257 

Toronto. His cerebral palsy prevents him to stand. He has limited range of motion and 

spasticity in his upper extremities. The system is the Mandala® Gesture X-treme 

IREX Virtual Reality system. The activities chosen in the virtual environment are 

children’s sport activities such as soccer and volleyball. JL describes his difficulties of 

managing a ball in the real physical environments of his school and home. He is 

unable to catch a ball or run and hit a ball. Therefore, he remains usually an observer 

to ball games such as baseball, soccer and volleyball. The virtual reality applications 

that are used with JL allow him to see himself inside the specialized soccer virtual 

environment. It allows him to be centered within the net so that he could see himself, 

and he is able to control and manipulate balls at will by using gross movements of his 

arms. This is accomplished by using video projection and gesture recognition 

technology. The concept of environmental centralization in this virtual environment is 

the closed off areas to his physical world and the concentration on a “doing” space 

where JL performs the activity in central zones. In this centralized space, his 

competence is maintained through the removal of physical barriers. It requires no 

more than gross arm movements for JL to interact with the soccer balls that are 

coming towards him in while playing the role of goaltender in a net space.  

 

 

Fig. 2. Example of Environmental Centralization for Person-Environment Fit in a Virtual 

Environment 
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In the other environment – beach volleyball, the concept of centralization is  

seen by having a virtual environment where there is the projected image of (VA] as 

she sits in her wheelchair beside a research assistant on a sandy beach near a 

volleyball net. This is the centralized play space for VA.  To play volleyball, VA 

only has to lift her arms above her head and hit the virtual ball back over the net to 

a robot. She is capable of these movements and she is successful in playing (see 

Figures 3).  

 

 

 
Fig. 3. Example of Environmental Centralization for Person-Environment Fit in a Virtual 

Environment 
 

3.1.2   Entexturement Case Scenario 

[MR] is a 9 year-old boy with spastic diplegia cerebral palsy. He participates in a 

painting activity in a virtual environment. He can stand by himself and see himself 

reaching out to the side to choose a colored paint ball from several arranged in a row, 

and drags it across a white panel to create a rainbow of colored lines on the screen 

(see Figure 4). He repeats this reaching movement and selects other colored balls.  
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MR’s movements to this painting activity are spontaneous and free. He responds to 

the visual stimuli of the colored balls and the auditory stimuli of the sounds that 

accompany the movement of the balls across the panel while creating a rainbow of 

colors. 

 

 

 
Fig. 4. Example of Entexturement for Person-Environment Fit in a Virtual Environment 

 
Another example is showing a 9-year old girl who is engaged in a program where 

she listens the sounds of lapping waves on a beach. She blends the sounds of the 

waves she hears with new sounds as she makes sounds on two xylophones using her 

hands (see Figure 5). 
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Fig. 5. Example of Entexturement for Person-Environment Fit in a Virtual Environment 

 

3.1.3   Personalization Case Scenario 

An 8 year-old girl [J M] with spastic quadriplegia cerebral palsy and a 10-year old 

able bodied girl [SR] are shown in Figure 6. JM is able to stand without support for 

short periods of time in order to participate in a dancing activity. This activity 

encourages children to move their bodies by bending, reaching, or jumping to create 

different shapes on the TV screen. They both decide they are making a dance video 

which is put to music. By personalizing the environment these children took 

possession of the virtual reality experience and to suit their needs. 
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Fig. 6. Example of Personalization for Person-Environment Fit in a Virtual Environment 

4   Impact of Engaging in Play in a Virtual Environment 

The use of virtual reality for enabling play and exploring its potential for influencing 

children’s self-efficacy, playfulness, and motivation is in its infancy. In the field of 

occupational therapy these outcomes are relevant as therapists continue to be 

concerned with people’s experiences, feelings and beliefs while they are engaged in 

occupations as well as enabling a person’s occupational performance [29]. Research 

[30] underscores the advantage of the game-like or play-like experience of virtual 

reality and is relationship to motivation, performance, and satisfaction with performance 

among children. In this section, research studies conducted at the Neuro-Rehabilitation 

and Virtual Reality laboratory at the University of Toronto investigating these outcomes 

are summarized. 

4.1   Personal Perceptions of Engaging in Play in a Virtual Environment 

Recent research has found that children can be reliable informants, providing accurate 

accounts of their experiences. A qualitative study [31]  involving in-depth, focused 

interviews was conducted with 19 children aged eight to thirteen who had a diagnosis 

of cerebral palsy. Children were interviewed after they experienced at least 8 weeks 

of playing games in the virtual environment of the Mandala® Gesture X-treme IREX 

Virtual Reality system. The findings indicated that children viewed playing in a 

virtual world as a way of removing the barriers in real life that prevented their real 
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play experiences. When discussing their experiences of trying to engage in typical 

play occupations in the real world some children mentioned being restricted to 

playing only certain positions on the team such as goalie due to their limited mobility.  

Other barriers were mentioned, for example, the volleyball net at school was 

positioned so it blocked visual access so children couldn’t see their opponents over 

the other side of the net. Others spoke about their feelings of rejection and being left 

out, and a sense of loss by peers, due to their difficulties in playing typical play 

occupations. Children acquire information about their self-efficacy from actual 

performance and if they are unable to test their abilities this limits their belief in 

themselves [32]. After engaging in virtual reality play children described experiencing 

feelings of increased self-worth, confidence and competence in their abilities not only 

when playing in virtual reality but in everyday life situations.  Several children 

discovered that they were able to do things they never thought they would ever be 

able to do and began to set goals for self-improvement in virtual reality and real life 

situations. Overall, children described themselves as being different as a person and 

had an increased willingness to try new things.  

When children with cerebral palsy were asked to list everyday activities that were 

important to them and that they wished they could perform better, they changed their 

perceptions of how they felt they could perform these after they were exposed to 

doing things in a virtual environment [33].  After participating in virtual reality 

weekly sessions  for four weeks playing in a Mandala® Gesture X-treme system they 

rated their perception with performance concerning the everyday activities on a self-

efficacy tool.  The Canadian Occupational Performance Measure [43] is a tool that is 

commonly used to evaluate a person’s perception and satisfaction with his or her 

performance. Children rated their perception of performance better after being 

exposed to virtual reality. Interestingly, the level of change in self-efficacy across 

children was meaningful. Whether virtual play is influential in changing how people 

think of themselves needs more careful research. 

4.1.1   The Thrill of Competency and Control 

Seeing themselves on the screen in [31], and being able engage in whatever virtual 

play activity added to the interactive quality of the play experience for all children. 

Seeing themselves helps them to discover their own abilities and reinforces that they 

could do more than what initially thought they can.  “I can do this, I can do this, I can 

do this” (child quote). Experiencing a sense of control over the play experience is 

important to all children. Not having to have to rely on others in order to do the 

activity is also important. Most children mention the shear enjoyment and thrill of 

being a winner when playing a virtual game.  They describe not always experiencing 

what it feels like to win or be a success at what they do.  Virtual reality offers these 

children an opportunity to be a winner at a play activity fit for their skill level. 

4.1.2   Safety First 
Virtual reality offers children a safe way for them to play and experience new things.  

Play should occur in an environment which is secure and where participants feel free 

to explore without fear of personal harm whether it be physical or emotional [1]. 

Children with physical disabilities spend more time in self-care and passive activities 

than children without disabilities because they are not safe [24]. This suggests that 
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children with disabilities may have less opportunity to experience different types of 

play and be independent as they explore the world around them.   

4.2   Influence of Virtual Play on Children’s Playfulness 

Playfulness is viewed as a key characteristic of play [34]. Virtual reality interactions 

with disabled individuals create opportunities for playful behavior while engaging in a 

variety of activities that are typically not done well or safely in real life, with less 

effort [35]. Playfulness while children are engaged with virtual reality was 

investigated by Reid [36]. The children played games in the Mandala® Gesture X-

treme system.  The Test of Playfulness (TOP) [34] was used to assess playfulness. 

Table 1 shows the items grouped according to four subscales. The results confirmed 

that the children exhibited playfulness while interacting with the virtual reality 

system. They show engagement.  They persist in playing the games and repeat their  

 
Table 1. Playfulness Items Grouped According to Four Subscales 

 

Motivation items 

Is actively engaged 

Repeats actions, activities, stays with same basic theme 

Engages in process aspects of activity 

Demonstrates exuberance, manifests joy 

Tries to overcome difficulties, barriers, or obstacles to persist 

Control items 

Appears self-directed. Decides what to do and how to do it 

Engages in challenges (motor, cognitive, social) 

Negotiates with others to have needs or desires met 

Plays with others 

Assumes leadership role 

Initiates play with others  

Shares playthings, play equipment 

Suspension of Reality Items 

Engages in mischief or commits a minor infraction of the implicit or explicit rules 

Pretends 

Teases or jokes with others (verbal or nonverbal) 

Clowns 

Incorporates objects or people into play in novel, imaginative, creative, 

unconventional, or variable ways 

Framing 

Gives facial, verbal, and body cues appropriate to the situation and that say, “This 

is how you should act toward me” 

Responds to other’s facial or body cues 

Maintains cohesiveness of play frame 
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actions to succeed, for example, in hitting the ball over the net in volleyball or blocking 

the ball in the soccer net. They are exuberant, laughing and shouting much of the time. 

When the children did not demonstrate manifest joy, they were concentrating very hard 

on the activity. The children engage in challenging behaviors often requiring them to 

reach and stretch their arms. When they play in situations where there is more than one 

player they share the task requirements willingly and play along well with a partner. For 

example, in the volleyball game, they have to take turns deciding when to hit the ball. 

Some children engage in pretend play, “I’m an airplane pilot”.  They also make jokes 

and tease the staff. Interestingly, the environments that yield the highest playfulness 

scores are those with an element of entexturement that enable the individual’s 

awareness of the body in respect to a variety of media with different sensory “textures” 

such as color, rhythm, and sound
 
[37]. Understanding which virtual environments and 

real environments are more conducive to playfulness will better enable play with 

children with disabilities.  Designing new virtual environments with elements that will 

enhance playfulness is a recommendation for future research. 

4.3   Influence of Virtual Play on Children’s Motivation 

Motivation is the key element in determining the level of participation an individual 

will have in an occupation. Since participation in rehabilitation therapy is highly 

dependent on motivation, and play is the major occupational behavior of children 

[15], it is important to explore the characteristics in therapeutic play environments 

that are motivating and that engage children with disabilities as active participants. 

Following a randomized control trial where virtual reality was used as an intervention 

for children with cerebral palsy [38], an observational study [39] was conducted to 

explore the degree of motivation among children with cerebral palsy engaged in 

virtual activities. Sixteen children with cerebral palsy were videotaped while engaged 

in playing games in a variety of virtual play environments in the Mandala® Gesture 

X-treme virtual reality system.  The Pediatric Volitional Questionnaire (PVQ) [40] 

was used to measure children’s motivation. The PVQ provides both insight into 

children’s inner motives as well as how the virtual environment enhances or 

attenuates children’s motives (see Table 2). The videotaped sessions were scored with  
 

Table 2. Behavioral indicators for the PVQ 

Item 1 = Explores Novelty  

Item 2 = Initiates Actions 

Item 3 = Is Task Directed 

Item 4 = Shows Preferences 

Item 5 = Tries New Things 

Item 6 = Stays Engaged 

Item 7 = Expresses Mastery Pleasure 

Item 8 = Tries to Solve Problems 

Item 9 = Tries to Produce Effects 

Item 10 = Practices Skills 

Item 11 = Seeks Challenges 

Item 12 = Organizes/Modifies Environment 

Item 13 = Pursues Activity to Completion 

Item 14 = Uses Imagination/Symbolism 
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the PVQ (see Table 3 for scoring definitions). It was shown that virtual reality 

influenced children’s motivation as measured with the PVQ, and that different virtual 

environments produced varying levels of motivation behavior. The features of virtual 

environments that produced higher levels of motivation include: challenge, variability 

and competition. Overall, the PVQ scores of children with cerebral palsy indicated 

that VR play is a motivating activity which has the potential to be used as a 

rehabilitation tool for influencing rehabilitation outcomes.  

Aspects of the VR environment can also increase challenge such as when a child 

cannot predict their next move or when a child has to develop a strategy to better 

interact with the environment. When a child is challenged they are required to use a 

higher level of concentration in order for the game to be satisfying.  If the game is 

either too challenging or too easy they may become frustrated.  Variability resulted in 

an unpredictable environment that required continuous concentration and readiness on 

the part of the child. Games that allowed two players to interact were very motivating.  
 

Table 3. PVQ Scoring System 

(4) SPONTANEOUS: shows behavior without support, structure, or stimulation.  

…given throughout his/her performance beyond what is allowed for some of the 

indicators. This rating implies that this behavior comes from within and is 

independent of any identified external factors (i.e. therapist or teacher assistance, 

structure, or stimulation). 

(3) INVOLVED: shows behavior with a minimal amount of support, 

structure, or stimulation. 

The child needs some attention, encouragement, verbal cues, or structuring of the 

environment from the therapist or teacher.  This rating implies support that might 

be necessary for a person with adequate volition. 

(2) HESITANT: Shows behavior with maximal amount of support, or 

structure, or stimulation. 

The child needs verbal or visual cues to be repeated several times, and/or frequent 

intervention, such as repeat demonstrations in order to initiate the desired 

behaviors.  This rating implies the obvious volitional difficulty in interacting with 

the environment.  This rating implies some concern about the child’s self-

confidence, attention to the environment, ability to employ cognition, etc. 

(1) PASSIVE: Does NOT show behavior even with support, structure, 

or stimulation.   

The child does not show the behavior and/or may show a brief orientation to the 

activity given maximum input.  This rating implies the judgment that there is a 

volitional deficit—e.g., very low self-esteem, high anxiety with novelty, very low 

interest in environment.  With no support, structure, or stimulation given, the child 

remains passive and does not show the behavior.   
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One of the key elements of engaging in the Mandala® Gesture X-treme IREX 

Virtual Reality system is being able to experience how you are engaging with the 

virtual objects, which likely influences a person’s level motivation and playfulness. 

These preliminary studies from Reid and colleagues [36, 38-39] suggest this. Ongoing 

research comparing the effects of the Mandala® Gesture X-treme IREX Virtual 

Reality system with the Nitendo Wii ™ system and other systems will provide us with 

more information regarding the impact of the gesture recognition software.  

5   Summary 

A review of relevant literature on children’s play is presented in this chapter. How 

virtual reality has the potential of enabling play in children with disabilities is discussed. 

The  person-environment process is explored within a virtual environment. Theoretical 

concepts that help to understand person-environment experience while engaged with a 

virtual reality program are described.  These include environmental centralization, 

entexturement, and personalization. Application examples that illustrate these concepts 

during engagement in virtual play are shown. It is suggested that the person-

environment process discussed in the context of a virtual world has the potential for 

influencing how disabled children experience doing play. Research is summarized that 

explores how engaging in virtual play impacts children’s playfulness, motivation, and 

self-perceptions.  This chapter provides information for readers to better understand the 

enabling power of using virtual reality for children with disabilities to engage in play.  
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Abstract. Although today’s neuropsychological assessment procedures are 

widely used, neuropsychologists have been slow to embrace technological  

advancements. Two essential limitations have resulted from this refusal of techno-

logical adaptation: First, current neuropsychological assessment procedures repre-

sent a technology that has barely changed since the first scales were developed in 

the early 1900s. Second, while the historical purpose of clinical neuropsychology 

was differential diagnosis of brain pathology, technological advances in other 

clinical neurosciences have changed the neuropsychologist’s role to that of mak-

ing ecologically valid predictions about the impact of a given patient’s neurocog-

nitive abilities and disabilities on everyday functioning. After a brief discussion of 

current applications of computer-based neuropsychological assessment, there is a 

discussion of an increasingly important topic in recent decades—the design of 

ecologically valid neuropsychological instruments to address real world out-

comes. Finally, there is an exploration of virtual reality environments for ecologi-

cally valid neuropsychological assessments that make use of current technological 

advances. It is concluded that a future possible virtual reality-based neuropsy-

chological assessment battery will combine the control and rigor of technologi-

cally advanced computerized laboratory measures, the psychometric rigor (i.e., 

veridicality) of traditional paper-and-pencil assessments, and verisimilitude ap-

proximating real life situations. 

1   Introduction 

Clinical neuropsychology is one of the fastest growing specialty areas in psychology. 

Clinical neuropsychologists study brain-behavior relationships in both persons with 

normal cognitive functioning and persons with brain injury or disease. Over the course 

of the last several decades, clinical neuropsychology has gained increasing recognition 

as a discipline with relevance to a number of diverse practice areas (e.g., neurology, 

neurosurgery, psychiatry, and family medicine) as well as neuroscience specific re-

search areas (e.g., behavior, learning, and individual differences). As a result, neuro-

psychologists must apply a working understanding of psychology, physiology, and 
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neurology to assess, diagnose, and treat patients with neurological, medical, neurode-

velopmental, psychiatric, and cognitive disorders. 

1.1   Neuropsychological Assessments 

Clinical neuropsychologists take wide-ranging measurements of multiple cognitive 

domains, including ability to attend and encode information, receptive and expressive 

language, problem-solving skills, reasoning and conceptualization abilities, learning, 

memory, perceptual-motor skills (e.g., visuospatial organization; visual-motor coordi-

nation), speed of processing, intelligence, academic/vocational skills, behavior, emo-

tions, and personality. As can be seen neuropsychological assessments sample a range 

of functions. This is an important component in that most neuropsychological meas-

ures are not "pure", in that they do not assess one skill only. For example, on a timed 

task in which the person being assessed is asked to copy figures, a number of domains 

are being assessed (i.e., motor, visual perceptual, attentional and speed of processing). 

Take for example, results of a person that showed difficulty on a measure of math 

skills. These results may reflect limits in, for example, understanding of numerical 

concepts, remembering math facts, understanding the language of mathematics, re-

membering which operations to apply when, visualizing concepts, sequencing (e.g., 

performing the right steps in the right order), and/or attending to visual details (e.g., 

operational sign, place, columns of numbers). As a result, neuropsychological as-

sessments are structured to investigate aspects or subcomponents of the person’s per-

formance that will clarify the nature of their individual strengths and weakness across 

multiple neuropsychological domains. In addition to using neuropsychological as-

sessments (i.e., tests of neurocognitive, behavioral, and emotional functioning) to 

form hypotheses regarding a person’s neurological functioning, neuropsychologists 

carefully consider how these factors interact with the individual’s psychosocial envi-

ronment. Data gleaned from these neuropsychological assessments yield a variety of 

inferences that can be correlated to the person’s everyday functioning.  

The neuropsychological examination has historically been characterized as both a 

refinement and an extension of the neurological examination [1]. Much of what is 

now considered part of neuropsychological assessment originated from attempts of 

late nineteenth and early twentieth century physicians to improve evaluation of the 

cognitive capacities of persons with brain disease (e.g., Broca [2] and Wernicke [3] 

aphasics). Part of this has to do with the fact that many widely used neuropsychologi-

cal tests were constructed before the advent of neuroimaging and emergence of much 

of the currently available information relating altered behavior to brain dysfunction. A 

major problem for the neurological examination is the lack of any standardized me-

thod of giving or scoring the neurological exam’s procedures. In many cases, the 

description of administrative procedures is vague. Moreover, neurologists many times 

change procedures for individual patients. Even when administrative procedures are 

clear, scoring procedures are not. Scoring is determined by the personal assessment of 

the neurologist based on experience and knowledge rather than on any normative 

data. Despite these major problems, the neurological examination clearly possesses a 

high degree of face validity as well as a strong theoretical foundation. Neuropsy-

chologists have made great strides in proper standardization, scoring, and validation. 

As such, the revised neurological exam (i.e., neuropsychological assessment) has 
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become a major tool of both clinical and experimental neuropsychology. The work of 

A. R. Luria, the Russian neuropsychologist, is a good example of a neuropsychologi-

cal evaluation derived from a neurological approach. According to Luria, perform-

ance on a neuropsychological assessment reveals patterns or “functional systems” of 

interacting neurological areas that are responsible for a given behavior. Each neuro-

logical area of the brain participates in numerous such functional systems. Luria 

aimed to show that the cognitive sequelae of a brain injury reflects an interruption to 

the execution of any functional system that includes the injured areas(s). The most 

significant flaw in the original Luria battery is a lack of standard administration and 

scoring that has precluded an assessment of its validity. However, there have been 

attempts to overcome these deficiencies by developing an objective form, combining 

Luria's procedures with the advantages of a standard test battery (i.e., Luria-Nebraska 

Neuropsychological Battery, also known as LNNB). 

The Halstead-Reitan Battery was developed specifically to detect ``organic'' dys-

function and differentiate between patients with and without brain damage (e.g., to 

distinguish ``organic'' from ``functional'' disorders). Over the years, tests have been 

designed in concert with evolving information regarding the mediation of behavior by 

specific structures or circuits provide greater insight into the integrity or disintegration 

of neurologic function. Extensive experience with these instruments provides a basis 

for interpreting the tests in neurologic terms. Another widely used battery of tests 

includes the Wechsler Scales. While commonly used by neuropsychologists, it is 

important to note that the Wechsler Adult Intelligence Scale (WAIS) and the Wech-

sler Memory Scale (WMS) were developed without the specific intention of using 

them as instruments to assess brain function and detect brain disorders, but extensive 

experience with these instruments has provided a basis for interpreting the tests in 

neurologic terms. Most current neuropsychological assessment approaches use several 

of the traditional tests in combination with newer techniques developed specifically to 

evaluate neurocognitive activities and provide insight into brain function in different 

disease states. Hence, the range of domains assessed by clinical neuropsychologists 

has expanded tremendously in recent decades to include areas beyond behavioral 

neurology and the traditional differentiation between organic and functional condi-

tions in psychiatry. Although there are aspects of neuropsychological assessment that 

are similar to the conventional evaluation of the behavioral neurologist, neuropsy-

chological measures have the advantage of standardization and psychometric rigor. 

1.2   Standardization of Neuropsychological Assessment Measures 

An important factor in the development of clinical neuropsychology is the establish-

ment of standardized assessment measures capable of identifying the neurocognitive 

effects of brain dysfunction. Standardized assessment in neuropsychology is largely 

due to its historic development from Alfred Binet’s tests of intelligence [4, 5, 6, 7] 

and the United States’s entry into the World War I in 1917 [8]. During this time Ro-

bert Yerkes, Arthur Otis, and the American Psychological Association developed a 

group administered version of the Stanford-Binet (i.e., Army Alpha), and a novel 

group administered assessment composed of nonverbal tasks (i.e., Army Beta). 

Yerkes [9] preferred a point-scale methodology (i.e., tests selected based upon speci-

fied functions) over Binet’s age-scale approach (i.e., tasks fluctuate with age and 
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developmental level). Ultimately, the Army group administered measures reflecting 

an amalgamation of Yerkes’s point-scale approach and Binet’s task-specific approach 

to measuring cognitive performance. Further, a performance scale developed by Da-

vid Wechsler was included in an Army battery, [10] that was made up of subtests 

developed primarily by Binet and World War I psychologists. 

A major shift in testing occurred when Wechsler applied testing procedures (i.e., 

group and individual) developed for normal functioning persons to the construction of 

a clinical test battery. Following World War I, Wechsler assembled the Wechsler-

Bellevue battery, which included both Verbal and Performance Scales. By the 1940s a 

number of specialized neurocognitive tests were available to clinicians for assessing 

the mental capacities of persons with brain disease [11, 12, 13, 14, 15, 16] The addi-

tive effects of these tests provided the foundation for today’s neuropsychological 

assessment procedures [17, 18, 19, 20, 21, 22]. 

1.3   Psychometric Rigor of Neuropsychological Assessment Measures 

Neuropsychologists tend to emphasize the psychometric rigor of neuropsychological 

assessments though their emphasis upon reliability and validity. By reliability, neuro-

psychologists are referring to the consistency with which the same information is 

obtained by a given neuropsychological test or set of neuropsychological tests. For 

scores to be reliable, they should (in the absence of intervening variables like illness, 

injury, new learning) remain stable. Some examples of reliability include: 1) Inter-

rater reliability: the reliability of test scores when administered by different examin-

ers; 2) Intra-rater reliability: the reliability of test scores when the test is given by the 

same examiner on more than one occasion; and 3) Test-retest reliability: the reliability 

of test scores when given to the same patient on different occasions. Hence, reliability 

of tests refers to the consistency with which the same information is obtained if the 

test is given by different examiners (interrater reliability), by the same examiner on 

more than one occasion (intrarater reliability), or to the same patient on different days 

(test-retest reliability). It is important to note that the reliability for neuropsychologi-

cal tests of memory is consistently lower than for other types of neuropsychological 

tests. In such cases, the clinician must bear in mind that conclusions drawn from the 

tests may be more variable than is desirable.  

When neuropsychologists refer to validity, they are referring to how well the test 

measures what it purports to measure. Specific types of validity that may be ques-

tioned include the following: 1) Construct validity: validity of the test to measure 

what it is supposed to measure; 2) Concurrent validity: strength of the correlation of a 

new test with existing tests or independent measures of the construct in question; 3) 

Face validity: appearance ("looks like") of a test to measure what it is supposed to 

measure; 4) Localization validity: validity of a test to localize focal lesions accurately; 

and 5) Ecologic validity – validity of the test to predict real life ability and perform-

ance on activities of daily living. Hence, validity data can be used by the neuropsy-

chologist to answer questions of psychometric rigor: construct validity (do memory 

tests assess memory?), concurrent validity (do new tests come to the same conclu-

sions as established tests?), localization validity (do test results localize focal  

lesions?), diagnostic validity (do tests accurately diagnose disease?), and ecologic 

validity (do test results predict real life performance?). It is important to note that the 
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neuropsychologst is careful in the use of the terms reliability and validity. When a 

neuropsychologist refers to reliability as a concept, it is best to understand this as a 

reference to scores not to tests and when the neuropsychologist refers to validity, it is 

to the interpretation of performance on tests and not to tests themselves. For example, 

the question, “Is a given neuropsychological test a valid test?'' is not something that 

can be readily answered. Instead, the neuropsychologist asks about interpretation of 

performance. As such, much of what is discussed within validity is in fact a reference 

to ecological validity (more on this below). 

As mentioned above, much of what is now considered part of neuropsychological 

assessment originated from attempts of late nineteenth and early twentieth century 

physicians to improve evaluation of the cognitive capacities of persons with brain 

disease. As such, during a period focusing on localization, neuropsychologists re-

ceived referrals from neurosurgeons to psychometrically localize brain damage. As a 

result, developed measures were based upon a localization paradigm that focused 

upon double dissociation—two neocortical areas are functionally dissociated by two 

behavioral measures, each measure is affected by a lesion in one neocortical area and 

not the other [23, 24]. Given the importance of neuropsychological assessment for 

lesion localization it became increasingly important that neuropsychological assess-

ment have enhanced psychometric rigor. In addition to the reliability and validity 

issues mentioned above, this also includes issues of sensitivity and specificity. By 

sensitivity, neuropsychologists are referring to a test’s ability to detect even the slight-

est expression of abnormalities in neurological (primarily central nervous system) 

function. Sensitivity is understood as a reflection of the neuropsychological test’s 

ability to identify persons with a disorder. This is often referred to as true positive 

rate. By specificity, neuropsychologists are referring to the ability of a neuropsy-

chological test to differentiate patients with a certain abnormality from those with 

other abnormalities or with no abnormality. This is often referred to as true negative 

rate. A score on any test can be a true positive, false positive, true negative, or false 

negative.  For a score to be true positive, it must have high sensitivity to dysfunction, 

allowing dysfunctions to be detected. If a score on any test is false positive, it indi-

cates sensitivity to dysfunction, but lacks specificity to a particular dysfunction. A 

score on any test can be a true negative if it has high specificity, allowing negative to 

be distinguished from others. If a score on any test is false negative, this indicates a 

lack of sensitivity, without regard to specificity of the test. For any evaluation, it is 

important to understand the rates of each of the four categories of results. The ability 

to identify brain dysfunction varies greatly among neuropsychological tests and is 

determined by the fidelity with which the neuropsychological test distinguishes nor-

mal from abnormal function and by the specific type of deficit that the patient exhib-

its. The WAIS, for example, has no memory subtests and is necessarily insensitive to 

memory-related deficits, whereas it has demonstrated sensitivity to disorders affecting 

visuospatial, calculation, and attentional abilities. In general, tests that are timed, 

requiring the patient to complete the test in a specified period, have greater sensitivity 

to diffuse or multifocal cerebral changes than untimed tests.  

In summary, in a number of ways, clinical neuropsychology can be viewed as  

representing a synthesis of the best features of neurological, psychiatric, and psycho-

logical examination procedures, whereby the systematic neurological assessment of 

functional cortical and subcortical systems is combined with the precise scaling of 
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psychometric measurement. Neuropsychological assessment allows the examiner  

to reduce the subjectivity in traditional neurological examinations by conducting 

assessments that lead to quantifiable standardized scores, thereby increasing the reli-

ability of the assessment as well as allowing for a more sensitive baseline for com-

parisons across time. Further, availability of normative data and use of standardized 

administration procedures allow neuropsychological evaluation to be more sensitive 

than unstructured mental status testing in the detection of mild cognitive disturbances. 

1.4   Paradigm Shift in Neuropsychological Assessment 

It is important to note, however, that with the advent of neuroimaging, the need for 

neuropsychologists to localize brain damage has been greatly reduced. Unfortunately, 

many neuropsychologists continue to rely on “localization” as the chief basis for 

validating neuropsychological tests. As Ronald Ruff has contended, although neuroi-

maging caused the role of neuropsychology to shift from localization to documenta-

tion of neuropsychological deficits for prediction of real world functioning, clinical 

neuropsychologists many times fail to develop ecologically oriented assessments and 

continue to use localizationist-developed test batteries [25]. 

Although today’s neuropsychological assessment procedures are widely used,  

neuropsychologists have been slow to adjust to the impact of technology on their 

profession. Two essential limitations have resulted from this refusal of technological 

adaptation: First, current neuropsychological assessment procedures represent a tech-

nology that has barely changed since the first scales were developed in the early 

1900s (i.e., Binet and Simon’s first scale in 1905 and Wechsler’s first test in 1939). In 

order for neuropsychologists to fully embrace the development of new batteries that 

take real world functioning (i.e., ecological validity) seriously, there is a need for 

them to move beyond cosmetic changes to standardized tests to computerized meas-

ures. However, neuropsychologists have historically resisted embracing technological 

advances in computation. While neuropsychology emphasizes its role as a science, its 

technology is not progressing in pace with other science-based technologies. Second, 

while the historical purpose of clinical neuropsychology was differential diagnosis of 

brain pathology, technological advances in other clinical neurosciences (e.g., the 

development of neuroimaging) have changed the neuropsychologist’s role to that of 

making ecologically valid predictions about the impact of a given patient’s neurocog-

nitive abilities and disabilities on everyday functioning.  

The organization of this chapter is as follows.  In section two, a brief discussion of 

current applications of computer-based neuropsychological assessment are described.  

In section three, there will be a discussion of an increasingly important topic in recent 

decades—the design of ecologically valid neuropsychological instruments to address 

real world outcomes. The utility of a virtual environment (VE) for ecologically valid 

neuropsychological assessments that make use of current technological advances is 

discussed in section four.  A summary of concluding remarks is given in section five. 

2   Computer-Based Neuropsychological Assessment 

In this section, a brief discussion of current applications of computer-based neuropsy-

chological assessment is described, as follows. 
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2.1   Automated Neuropsychological Assessments 

Computer-based neuropsychological assessments offer a number of advantages over 

traditional paper-and-pencil testing: increased standardization of administration; in-

creased accuracy of timing presentation and response latencies; ease of administration 

and data collection; and reliable and randomized presentation of stimuli for repeat 

administrations [26]. It is important to note that neuropsychology as a field has not 

embraced anarchoprimitivism. In fact, in the 1980s there was some initial interest in 

computerization of various assessment measures and neuropsychologists transferred a 

number of paper-and-pencil measures to the personal computer platform. Initial at-

tempts at assessing the equivalence of these measures to traditional tests were made 

[27]. A few examples of computerized versions of traditional paper-and-pencil neuro-

psychological tests include: the Raven’s Colored Progressive Matrices [28]; the Pea-

body Picture Vocabulary Test [29]; Category Test subtest of the Halstead Reitan 

Battery [30]; and the Wisconsin Card Sorting Test [31]. In the past decade, a number 

of computerized tests on neurocognitive function have been developed: CogSport 

[32], ImPACT [33], ANAM [34], and HeadMinder [35]. 

Perhaps the most widely used computerized neuropsychological assessment battery 

is the Automated Neuorpsychological Assessment Metrics (ANAM) battery, which 

has been given widely to civilian and military populations. In fact, the ANAM battery 

has been given to over 400,000 predeployed soldiers. The ANAM battery is the result 

of 30 years of computerized psychological test development sponsored primarily by 

the U.S. Military—decedent of the joint services Unified Tri-Service Cognitive Per-

formance Assessment Battery (UTCPAB). Currently, ANAM is a major focus on 

neuropsychological assessment for Military Service Members. Much of this emphasis 

comes from injuries resulting from conflicts in which Service Members may be in-

jured by explosions, resulting in concussions (mTBI). The ANAM is a validated  

computer-based tool designed to detect speed and accuracy of attention, memory, and 

thinking ability. It records a Service Member's performance through responses pro-

vided on a computer. It is being conducted prior to deployment and can be used to 

identify and monitor changes in function. A specialized neuropsychological battery 

for use in blast injury cases has been developed. The ANAM Traumatic Brain Injury 

(TBI) Battery is a selection of tests from the ANAM library designed to aid in the 

assessment of general cognitive function following a head injury. Some of the most 

useful research on ANAM and TBI has evolved from an ongoing project conducted 

by the Defense and Veterans Brain Injury Center (DVBIC). DVBIC has extensive 

databases on selected ANAM tests and has been using the precursor to the ANAM 

TBI Battery for a number of years. One normative study of ANAM TBI Battery test 

modules with over 2,000 paratrooper recruits and another study based on over 5,000 

recruits revealed consistent results. These studies have provided some of the largest 

and finest neuropsychological assessment databases for military personnel available  

and attest to the cost-effective leveraged value of DoD-sponsored ANAM test devel-

opment and application. 

Recently, customized modifications to the ANAM TBI Test Battery made by the 

University of Oklahoma’s Center for the Study of Human Operator Performance  

(C-SHOP) for the U.S. Army have resulted in the ANAM4 TBI MIL Battery. The 

ANAM4 TBI and the ANAM4 TBI MIL Batteries do not differ with regard to the 
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actual ANAM4 test modules presented or the order of test module presentation. The 

differences between these test modules reside in customized demographic features 

and characteristics of the ANAM Performance Report, which provide relevance and 

ease of integration with unique DoD medical records systems and clinical applica-

tions. The ANAM4 TBI MIL Battery provides precise, objective, automated measures 

of fundamental neurocognitive functions including response speed, attention/ 

concentration, immediate and delayed memory, spatial processing, and decision proc-

essing speed and efficiency. Importantly, these qualities of the ANAM4 TBI MIL 

Battery are consistent with past applications of computer-based testing and TBI, with 

normative work conducted by DVBIC, and with the Clinical Practice Guidelines and 

Recommendations published by the Defense and Veterans Brain Injury Center Work-

ing Group on the Acute Management of Mild Traumatic Brain Injury in Military 

Operational Settings.  

2.2   Outdated Technology 

Despite these computerized versions of traditional paper-and-pencil neuropsychologi-

cal tests, the vast majority of current neuropsychological assessment procedures rep-

resent a technology that has not changed since the first scales developed in the early 

1900s (e.g., Binet and Simon’s first scale in 1905 and Wechsler’s in 1939). For the 

past few decades, the Wechsler scales (in various manifestations; e.g., WAIS-R, 

WAIS III) have been the most widely used neuropsychological tests [36, 37, 38].  

While automated versions were developed of the original WAIS [39] in 1969 and 

again in 1980 [40], these automations provided only rudimentary stimulus presenta-

tion and limited data recording. Since the 1980s, the automated versions are all but 

abandoned and now the focus is upon slight revisions of the paper-and-pencil versions 

with computerized scoring. In fact, the latest revisions of the Wechsler scales (e.g., 

Wechsler Adult Intelligence Scale—Third Edition [41]; Wechsler Intelligence Scale 

for Children—Fourth Edition [42]) offer little more than cosmetic change and im-

proved standardization. This lack of technological advancement of the Wechsler 

scales is important because according to a 2005 study surveying assessment practices 

and test usage patterns among 747 North American, doctorate-level clinical neuropsy-

chologists, the Wechsler Scales were the most frequently used tests in their neuropsy-

chological assessments [43].  

Robert Sternberg pointed out over a decade ago the discrepancy between progress 

in cognitive assessment measures like the Wechsler scales and progress in other areas 

of technology [44]. Sternberg used the example of the now obsolete black and white 

televisions, vinyl records, rotary-dial telephones, and the first commercial computer 

made in the United States, UNIVAC I to illustrate the lack of technological progress 

in the standardized testing industry. According to Sternberg, currently used standard-

ized tests differ little from tests that have been used throughout this century. For ex-

ample, while the first edition of the Wechsler Adult Intelligence Scale appeared some 

years before UNIVAC, the Wechsler scales (and similar tests) have hardly changed at 

all (aside from primarily cosmetic changes) compared to computers. Although one 

may argue that innovation in the computer industry is different from innovation in the 

standardized testing industry, there are still appropriate comparisons. For example, 

whereas millions of dollars spent on technology in the computer industry typically 
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reflects increased processing speed and power; millions of dollars spent on innovation 

in the testing industry tends to reflect the move from multiple choice items to fill-in-

the-blank items. Sternberg’s statements are as true now as they were over a decade 

ago. While neuropsychology emphasizes its role as a science, its technology is not 

progressing in pace with other clinical neurosciences. Sternberg also points out neu-

rocognitive testing needs progress in ideas, not just new measures, for delivering old 

technologies. 

3   Ecologically Valid Neuropsychological Instruments  

The historical development of clinical neuropsychology reveals that while the initial 

purpose of neuropsychological assessment was diagnosing persons with brain injury 

or disease, and then describing brain-behavior relationships, today clinical neuropsy-

chologists are increasingly being asked to make prescriptive statements about every-

day functioning [45]. This new role for neuropsychologists has resulted in increased 

emphasis upon the ecological validity of neuropsychological instruments. To establish 

ecological validity of neuropsychological measures, neuropsychologists focus on 

demonstrations of either (or both) verisimilitude and veridicality [46]. By verisimili-

tude, ecological validity researchers are emphasizing the need for the data collection 

method to be similar to real life tasks in an open environment. For the neuropsy-

chological measure to demonstrate veridicality, the test results should reflect and 

predict real world phenomena [47, 48, 49]. 

3.1   Ecological Validity: Need to Incorporate Advanced Technology  

In addition to the controversy related to whether or not current indices found on com-

monly used paper-and-pencil neuropsychological tests give us sufficient detail for 

prediction of the potential everyday difficulties likely to be faced by patients [50], a 

dearth of research has addressed the degree to which neuropsychological testing is 

ecologically valid [51]. There is also the issue of how should neuropsychologists go 

about improving the ecological validity of neuropsychological tests. Some neuropsy-

chologists prefer a veridicality approach, in which results gleaned from neuropsy-

chological measures are combined with behavioral observations, rating scales, and 

self-report measures (e.g., Everyday Memory Questionnaire [52]). A problem for this 

approach, however, is that while rating scales tend to have satisfactory reliability, they 

have weak correlations with performance measures (i.e., relatively low validity) [53]. 

Other neuropsychologists take the verisimilitude approach, in which completely new 

measures are developed that more closely approximate everyday activities and behav-

iors (e.g., Rivermead Behavioral Memory Test [54]; Behavioral Assessment of the 

Dysexecutive Syndrome [55]; and the Test of Everyday Attention [56]). Review of 

the ecological validity of neuropsychological tests has provided support for the supe-

riority of verisimilitude tests as the results from these measures tended to be more 

consistently related to the outcome measures than the traditional paper-and-pencil 

tests. However, a problem for the verisimilitude approach is that these instruments do 

not appear to be migrating from research laboratories into the applied settings of 

clinical neuropsychologists [57]. An additional problem for this approach is that  
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although these neuropsychologists have developed instruments that more closely 

approximate skills required for everyday functioning, have not made use of advances 

in computer technology. As a result, they are in danger of continuing the negative 

trend that deemphasizes psychology’s role as a science. As Sternberg has contended, 

neurocognitive testing needs progress in ideas, not just new measures, for delivering 

old technologies. 

4   Virtual Environments Offer Advanced Ecological Validity 

While standard neuropsychological measures have been found to have adequate pre-

dictive value, their ecological validity may diminish predictions about real world 

functioning. Traditional neurocognitive measures may not replicate the diverse envi-

ronment in which persons live. Additionally, standard neurocognitive batteries tend to 

examine isolated components of neuropsychological ability, which may not accu-

rately reflect distinct cognitive domains [58, 59] Although today’s neuropsychologi-

cal assessment procedures are widely used, neuropsychologists have been slow  

to adjust to the impact of technology on their profession. While there are some  

computer-based neuropsychological assessments that offer a number of advantages 

over traditional paper-and-pencil testing (e.g., increased standardization of admini-

stration; increased accuracy of timing presentation and response latencies; ease of 

administration and data collection; and reliable and randomized presentation of stim-

uli for repeat administrations), the ecological validity of these computer-based neuro-

psychological measures is less emphasized. As mentioned above, only a handful of 

neuropsychological measures have been developed with the specific intention of tap-

ping into everyday behaviors like navigating one’s community, grocery shopping, and 

other activities of daily living. Of those that have been developed, even fewer make 

use of advances in computer technology. 

Virtual reality (VR) is as an advanced computer interface that allows humans to  

become immersed within a computer-generated simulation. Potential VR use in as-

sessment and rehabilitation of human cognitive processes is becoming recognized as 

technology advances. Since VEs allow for precise presentation and control of dynamic 

perceptual stimuli (visual, auditory, olfactory, gustatory, ambulatory, and haptic condi-

tions), they can provide ecologically valid assessments that combine the veridical  

control and rigor of laboratory measures with a verisimilitude that reflects real life 

situations. Additionally, the enhanced computation power allows for a range of the 

accurate recording of neurobehavioral responses in a perceptual environmental that 

systematically presents complex stimuli. Such simulation technology appears to be 

distinctively suited for the development of ecologically valid environments, in which 

three-dimensional objects are presented in a consistent and precise manner. As a result, 

subjects are able to manipulate three dimensional objects in a virtual world that  

proffers a range of potential task demands. 

Virtual reality applications that focus on component cognitive processes, including 

attention processes [60, 61, 62], spatial abilities [63, 64, 65] memory [66], and execu-

tive functions [67], are now being developed and tested. The increased ecological 

validity of neurocognitive batteries that include assessment using virtual scenarios 

may aid differential diagnosis and treatment planning. Within a VE, it is possible to 
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systematically present cognitive tasks targeting neuropsychological performance be-

yond what are currently available using traditional methods [68]. Reliability of neuro-

psychological assessment can be enhanced in VEs by better control of the perceptual 

environment, more consistent stimulus presentation, and more precise and accurate 

scoring [69]. Virtual Environments may also improve the validity of neurocognitive 

measurements via the increased quantification of discrete behavioral responses, allow-

ing for the identification of more specific cognitive domains [70]. Virtual environments 

could allow for neurocognition to be tested in situations that are more ecologically valid. 

Participants can be evaluated in an environment that simulates the real world, not a 

contrived testing environment [71]. 

According to Rizzo et al [72], the application of VR to neuropsychological assess-

ment is distinctively important because it represents the potential for more than a 

simple linear extension of existing computer technology for human use. For Rizzo, it 

is important that VR does more than simply automate the paradigms of the past. In-

stead, VEs provide a paradigm shift for the future. Here, Rizzo is reflecting Neisser’s 

[73] contention that the findings from many traditional cognitive assessments have 

not been demonstrated to generalize beyond the narrow laboratory context. However, 

there is an essential tension between persons striving for ecological validity and per-

sons interested in maintaining experimental control. For example, Banaji and 

Crowder [74] have contended that the ecological approach to neurocognitive research 

is inconsequential and that scientific progress necessitates greater emphasis on ex-

perimental control. This seems to hold especially true for much of the work that has 

been done in virtual and augmented reality because the focus of ecological validity 

tends to be upon verisimilitude and not veridicality. As Banaji and Crowder have 

challenged, if neurocogitive measures fail to establish internal validity, then one can 

conclude nothing from study findings. Likewise, if VR-based neuropsychological 

assessments do not take seriously the importance of veridicality, we have attractive 

simulations (i.e., verimilitude), but do not have an ability to reliably and validly pre-

dict a person’s performance on real world activities (i.e., veridicality). 

There are a number of neuropsychology researchers would agree with Neisser that 

there are legitimate concerns about the verisimilitude (or ecological validity) of neu-

ropsychological assessments. However, while the issue of ecological validity has been 

discussed in the literature, little has been done to remedy this situation. Instead, there 

are attempts to simply enhance the external validity of neuropsychological assess-

ments. The concepts of external and ecological validity are related but not inter-

changeable. External validity involves the extent to which findings from research 

studies can be generalized across a variety of persons, times, and settings as well as to 

generalizations to specific persons, times, and settings. Given that traditional paper-

and-pencil neuropsychological measures were developed for localization and the 

focus was upon double dissociation, enhancements tend to reflect endeavours to in-

crease external validity. Hence, they do not typically require experimental conditions 

to mirror real life conditions. Neuropsychological measures are quite basic in their 

presentation and do not appear concerned with the level of verisimilitude found in 

VEs. Instead, they strive to be externally valid—to be consistently predictive of be-

havior exhibited in the real world. 

As mentioned above, though, Banaji and Crowder have contended that the ecologi-

cal approach to neurocognitive research is insignificant and that scientific progress 
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necessitates greater emphasis on experimental control. Unfortunately, much VR re-

search supports this dichotomy. While verisimilitude is a major emphasis in reported 

studies using VR for psychology and neuropsychology, much less emphasis is placed 

upon veridicality—reliability, validity, and psychometric properties. In a recent meta-

analysis of VR studies, Parsons and Rizzo [75] sought to examine the magnitude  

of changes in affective functioning that occurred following virtual reality exposure 

therapy (VRET). Although the results of the meta-analysis revealed that VRET had 

statistically large effects across affective domains, findings must be interpreted with 

caution given the inconsistencies in the research designs across studies. Many of the 

VRET studies did not include control groups, and many were not randomized clinical 

trials. As a result, the authors had diminished confidence that affective enhancements 

were directly related to or caused by VRET. Additionally, even though Parsons and 

Rizzo attempted to identify possible moderators of affective improvements, this was 

not possible because necessary information was either not reported or on occasions 

where it was reported it was done so in insufficient detail. This lack of information 

related to affective improvements and presence, immersion, anxiety and/or phobia 

duration, demographics (e.g. age, gender, and ethnicity) may reflect a limited range of 

values given the selection criteria employed by most studies. Thus, the findings of this 

meta-analysis may not generalize to patients with anxiety disorders in general. Simi-

larly, a host of other factors that could not be directly analyzed might moderate affec-

tive regulation, including differences among treatment centers in terms of beliefs 

about best practices concerning VRET, timing of sessions, and concurrent psy-

chopharmacological treatment. 

It could be argued that the challenge for neuropsychologists using VEs is to de-

velop techniques that simultaneously satisfy the demands of internal validity, external 

validity, and ecological validity. Hence, the development of an ecologically valid VE 

should include psychometric rigor (i.e. internal validity, external validity) as well as 

verisimilitude and veridicality (i.e. ecological validity). Achieving such standards 

requires consideration of a number of issues: 1) Correspondence: the tasks performed 

within VEs should correspond to the pertinent aspects of real world activities and 

environments; 2) Representativeness: the tasks developed should be representative of 

persons who are performing the tasks; 3) Expedience: research problems should have 

practical consequences on real world functioning if they are to be components of 

verisimilitude and veridicality; and 4) Relevance: outcome measures need to have 

relevance to the practical problem being investigated.  

4.1   Correspondence 

The tasks performed within VEs should correspond to the pertinent aspects of real-

world activities and environments. This is reflected in attempts by neuropsychologists to 

establish the ecological validity of their measures through demonstrations of verisimili-

tude. Within a VE, it is possible to systematically present cognitive tasks targeting dif-

ferent domains of performance beyond what are currently available using traditional 

methods. Verisimilitude of cognitive assessment can be enhanced in VR by better con-

trol of the perceptual environment, more consistent stimulus presentation, and more 

precise and accurate scoring. The validity of VR-based neuropsychological measure-

ments may be improved via the quantification of more discrete behavioral responses, 
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allowing for the identification of more specific cognitive domains. It may also be possi-

ble that VR-based neuropsychological assessments will allow for neurocognition to be 

tested in situations that are more ecologically valid. Participants can be evaluated in an 

environment that simulates the real world, not a contrived testing environment. Neuro-

psychological evaluations that include VR technology will bring verisimilitude—the 

quality or state of appearing to be true—to synthetic experiences.  Verisimilitude em-

phasizes the need for the data collection method to be similar to real life tasks in an 

open environment. Neuropsychologists interested in such VR-based measures will de-

sign immersive experiences that proffer compelling interactive narratives that simulate 

the real world.  

4.2   Representativeness 

The tasks developed should be representative of persons who are performing the 

tasks. In addition to consideration of tasks and outcome measures, it is also important 

to consider subject populations. Specifically, it is important to ensure that these popu-

lations are representative of persons performing the tasks. A crucial aspect of quality 

VR-based neuropsychological studies is that authors adequately report the sampling 

strategy used so that readers may assess whether the sample reported upon is repre-

sentative of the target population. This aspect of study design is critical because poor 

sampling will undermine the generalizability of the study and/or reduce the validity in 

situations where sampling bias is introduced. For study findings to be generalizable to 

the population as a whole, the sample must be representative of the population from 

which it is drawn. As such, the ecologically valid assessment should be culturally 

sensitive and have a design that reflects appropriate language—language-appropriate 

interventions that emphasize greater familiarity with cultural knowledge. Also, the 

visually mediated environments found within virtual reality emphasize the need for 

VR researchers to develop environments that make use of symbols and concepts 

shared by the population in question. This is an important issue for VR researchers in 

a multicultural society. Therefore it is important that neuropsychological assessments 

adequately handle cultural information (e.g. values, customs, and traditions). In addi-

tion to the development of future virtual simulations, there may also be need that 

existing treatment manuals be adapted to incorporate cultural values and validate the 

uniqueness of the particular ethnic group [76] While typical neuropsychological tests 

make efforts at such generalizability, an ecologically valid assessment will align  

the neurocognitive assessment with the target population’s or the assessed person’s 

socioculture mileu.  

4.3   Expedience 

The research problems should have practical consequences on real world functioning 

if they are to be components of veridicality. For the neuropsychological measure to 

demonstrate veridicality, the test results should reflect and predict real world phe-

nomena.  Research problems should be expedient instruments whose worth is meas-

ured by something more than the mere verisimilitude standard, in which the concepts 

and theories somehow mirror reality. For veridicality, the standard of measurement is  
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more an issue of pragmatic instrumentalism, in which significance is measured by 

how effective VR-based neuropsychological assessment results are at explaining and 

predicting future neurocognitive performance and activities of daily living. A com-

mon methodological procedure for establishing the veridicality might be to ensure the 

construct validity of virtual reality-based neuropsychological measures using the 

multitrait-multimethod matrix, in which a given construct is measured by multiple 

methods to develop a method-by-measure matrix [77]. The multitrait-multimethod 

matrix offers a method for assessment of the convergent and divergent validity of a 

measure by examining its pattern of correlations with other measures. In a VR-based 

neuropsychological study, for example, all the included scales might measure the 

construct of memory, but vary either on the level of memory impairment or the aspect 

of memory being assessed. Convergent validity coefficients (assessing memory do-

main) derived from the VR-based memory score and the traditional neuropsychologi-

cal measures of memory could be assessed to see if they are significantly (statistical 

significance) larger than correlations of different measures assessing domains other 

than memory within the same array of measures. Evidence for discriminant validity 

would be indicated when correlations of different scales assessed using different 

measures were lower than the convergent validity coefficients [78].  

4.4   Relevance 

A condition essential for obtaining ecologically valid answers to neurocognitive as-

sessment questions regarding real world functioning, is the inclusion of criterion tasks 

that include significant aspects of real world tasks and environments. While computer-

ized assessments are helpful in examining performance on laboratory tasks, these 

measures are insufficient when attempting to obtain resolutions to practical problems. 

It is important to note that current neuropsychological tests (paper-and-pencil as  

well as computerized tests) do help provide insight into the source or nature of individ-

ual differences in performance. However, exclusive reliance on laboratory measures  

is rarely sufficient to gain insight into the types of problems neuropsychologists en-

counter when receiving a referral for a neuropsychological assessment. Hence, for  

VR-based neuropsychological measures to meet the ecological issue of relevance there 

is need for neuropsychologists to understand that experience includes both particulars 

and relations between those particulars. Therefore both the particulars of the neurocog-

nitive domains and the relations between these domains that result from interaction 

within the real world deserve a place in our explanations. Any VR-based neuropsy-

chological measure is flawed if it stops at assessing a neurocognitive domain and fails 

to explain how meaning, values, intentionality, and activities of daily living can arise 

from that. 

In general, ecologically valid VR research should focus on real world practical 

problems such as issues related to return to work, driving competence, self-care, edu-

cation and training, interface design, and treatment. A valid research question might 

look at the ways in which individual differences (within a given clinical population) 

impact VR-based neuropsychological assessments for determining the patient’s abil-

ity to perform activities of daily living. 
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5   Conclusions 

Much of this manuscript has dealt with two essential limitations that have resulted 

from neuropsychology’s refusal of technological adaptation: First, current neuropsy-

chological assessment procedures represent a technology that has barely changed 

since the first scales were developed in the early 1900s. Second, while the historical 

purpose of clinical neuropsychology was differential diagnosis of brain pathology, 

technological advances in other clinical neurosciences have changed the neuropsy-

chologist’s role to that of making ecologically valid predictions about the impact of a 

given patient’s neurocognitive abilities and disabilities on everyday functioning. 

Within this manuscript, virtual reality-based neuropsychological assessments have 

been presented as technologically advanced and ecologically valid neuropsychologi-

cal instruments that may be used to address real world outcomes. A primary focus of 

this manuscript has been the explication of the necessary characteristics for ecologi-

cally valid VR assessment of neuropsychological functioning. To design such ecol-

ogically valid VR tools one must identify representative real world tasks. Following 

the identification of representative tasks, the characteristics of these tasks must be 

defined and a set of goal-directed activities established. Next, a virtual scenario that 

represents the task may be developed so that neuropsychological performance may be 

investigated within ecologically valid research environments. Neuropsychologists will 

need to subject these VEs to techniques that simultaneously satisfy the demands of 

internal validity, external validity, and ecological validity. Again the achievement of 

such standards requires insurance that the tasks performed within VEs correspond to 

the pertinent aspects of real world activities and environments. The tasks developed 

should be representative of persons who are performing the tasks. The research prob-

lems should have practical consequences on real world functioning if they are to be 

components of verisimilitude and veridicality. Finally, the outcome measures need to 

have relevance to the practical problem being investigated. 

In conclusion, the advanced computer interfaces found in virtual reality allow  

humans to become immersed within a computer-generated environment. Enhanced 

accuracy in recording, coding, and storing of a range of neurobehavioral responses 

elicited from complex stimuli will allow for improved data analytics and predictive 

validity. It is argued that virtual environments may be uniquely suited for assessment 

of daily activities, allowing for presentation of three-dimensional objects in a consis-

tent and precise manner, which subjects can then manipulate depending on a range of 

task demands. The precise presentation and control of dynamic perceptual stimuli 

(visual, auditory, olfactory, gustatory, ambulatory, and haptic conditions) in the virtual 

environment allows neuropsychologists the opportunity to develop statistically and 

clinically significant tasks within a virtual world. It is believed that a future possible 

neuropsychological assessment battery will make use of virtual reality to combine  

the control and rigor of technologically advanced computerized laboratory measures,  

the psychometric rigor (veridicality) of traditional paper-and-pencil assessments, and 

approximate the verisimilitude of real life situations. 
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Safir, Marilyn P. 31, 129
Samana, Roy 129
Scozzari, Simona 63
Stetz, MAJ Melba C. 13

Waddingham, Paula 229
Wallach, Helene S. 31, 129

Zheng, Huiru 169


	Virtual Reality in Psychotherapy, Rehabilitation, and Neurological Assessment
	Introduction
	Synopsis of the Chapters in This Book
	Conclusion
	References

	Part 1: Virtual Reality and Psychotherapy
	Virtual Reality Supporting Psychological Health
	Health Care in the USA
	Health and Stress
	Stress and Mental Health
	Stress and Anxiety Mental Health Disorders
	Combat Stress and Combat Stress Prevalence Rates
	Stress and Neurophysiology

	Psychotherapy for Stress Problems
	Chemical Approaches
	Behavioral Approaches
	Biofeedback
	Virtual Reality in Psychotherapy

	Discussion
	References

	Current Trends and Future Directions for Virtual Reality Enhanced Psychotherapy
	Current Trends and Future Directions for Virtual Reality Enhanced Psychotherapy
	VRCBT for Specific Phobias
	Fear of Flying
	Claustrophobia
	Acrophobia
	Panic Disorder Combined with Agoraphobia
	Arachnophobia
	Social Phobia
	Post Traumatic Stress Disorders (PTSD)

	New Developments in VR Applications
	Pain Management
	Eating Disorders
	Sexual Dysfunction
	Training New Therapists

	References

	Virtual Reality Exposure Therapy for Anxiety Disorders: The State of the Art
	Introduction
	The Effectiveness of Virtual Reality Exposure Therapy
	Specific Phobias
	Specific Phobias: Acrophobia (Fear of Heights)
	Specific Phobias: Fear of Flying
	Social Phobia
	Panic Disorder
	Posttraumatic Stress Disorder
	Meta-analyses
	Concluding Remarks

	The Role of Presence
	Technical Aspects
	Personality Characteristics

	Process of VRET
	Psychophysiology in the Process of VRET
	Cognitive Mechanisms in Virtual Reality Exposure Therapy
	Therapeutic Relationship

	Concluding Remarks
	References

	Virtual Reality as a Tool for Cognitive Behavioral Therapy: A Review
	Introduction
	Virtual Reality Exposure Therapy for Phobia
	Exposure Therapy
	Arachnophobia
	Acrophobia
	Fear of Flying
	Social Phobia
	Panic and Agoraphobia
	Advantages of Virtual Reality Exposure Therapy vs. Other Exposure Treatments for Phobias

	Other Employments of Virtual Reality Exposure Therapy
	Post-Traumatic Stress Disorder
	Stress Inoculation Training

	Other Virtual Reality-Based Exposure Techniques
	Virtual Reality Cue Exposure Treatment for Substance Abuse
	Virtual Reality in Eating Disorders Treatment

	Virtual Reality Interventions for Pain Control
	Virtual Reality Analgesia for Pediatric Patients
	Virtual Reality Analgesia for Adult Patients
	Hypnosis Induction by Means of Virtual Reality
	Studies on Virtual Reality Analgesia Mechanisms

	Conclusion
	References

	Virtual Reality and the Training of Military Personnel to Cope with Acute Stressors
	Introduction
	Stress Management Techniques for Military Personnel
	Virtual Reality and Its Potential to Induce Anxiety
	VR in the Treatment of PTSD
	The Use of VR in Stress Management Training
	The Feeling of Presence
	Conclusion
	References

	How Can Presence in Psychotherapy Employing VR Be Increased? Chapter for Inclusion in: Systems in Health Care Using Agents and Virtual Reality
	Introduction
	Presence
	Variables Which Affect Presence
	Technological Variables
	User Variables
	Interaction Variables

	Summary
	References

	The Healing Potential of Online Virtual Worlds
	Introduction: Social Networks and Virtual Worlds
	Creating, Existing and Participating in the Virtual World
	An Idea to Support a Need
	Benefits of the Virtual World

	Virtual Solutions to Health Care
	Designing the Veterans’ Healing Center
	Focus Therapies
	Supporting Research for Virtual World Effectiveness
	Other Activities and Intelligent Agents
	Expected Results
	Other Health Examples from the Virtual World

	Issues and Concerns
	Conclusion
	References

	Part 2: Virtual Reality and Rehabilitation
	Virtual Reality and Serious Games in Healthcare
	Introduction
	VR Devices
	Haptic Force Feedback Devices
	Tracking Devices

	VR Games for Healthcare
	Dynamic Simulation
	Serious Games for Healthcare
	Flow and Its Application to Serious Games
	Train a User by Modeling Him—User Profiling

	Experiments and Results of Using VR in Stroke Rehabilitation
	SMART Rehabilitation
	VR Game Intervention for Movement Therapy

	Conclusions and Future Work
	References

	Development and Evaluation of a Mixed Reality System for Stroke Rehabilitation
	Introduction
	Stroke
	Applications of Virtual Reality for Rehabilitation and Therapy

	The Design and Development Process
	User Centred Design
	Consultation Phase
	Virtual Environment Development Phase
	The Design of a Mixed Reality System

	Discussion
	Summary
	References

	Design and Development of a Virtual-Reality Based System for Improving Vision in Children with Amblyopia
	Introduction
	Amblyopia and Eye Treatment
	Diagnosis of Amblyopia
	Classification of Amblyopia
	Treatment of Amblyopia

	Virtual Reality and Display Technologies
	Virtual Reality (VR)
	VR in Healthcare

	Development of the I-BiT® System for Treatment of Amblyopia
	The I-BiT$®$ System Multi-disciplinary Development Team
	I-BiT$®$ Interactive Treatment Mode: Game Design
	I-BiT$®$ Passive Treatment Mode: Using Movie Clips
	Development of the I-BiT$®$ System Research Prototype
	Usability Evaluation of the I-BiT$®$ System Research Prototype
	Development of Prototype #1
	Usability Evaluation of I-BiT$®$ Prototype #1
	Development of I-BiT$®$ Prototype #2
	Usability Evaluation of I-BiT$®$ Prototype #2

	Clinical Evaluation Trials
	Study Results
	Study Outcomes

	Discussion
	References

	Doing Play in a Virtual Environment
	Introduction
	Play as Occupation
	Play and Children with Disabilities

	Person-Environment Process
	Person-Environment Fit

	A Theoretical Perspective on the Person-Environment Experience
	Application of the Theoretical Perspective

	Impact of Engaging in Play in a Virtual Environment
	Personal Perceptions of Engaging in Play in a Virtual Environment
	Influence of Virtual Play on Children’s Playfulness
	Influence of Virtual Play on Children’s Motivation

	Summary
	References

	Part 3: Virtual Reality and Assessment
	Neuropsychological Assessment Using Virtual Environments: Enhanced Assessment Technology for Improved Ecological Validity
	Introduction
	Neuropsychological Assessments
	Standardization of Neuropsychological Assessment Measures
	Psychometric Rigor of Neuropsychological Assessment Measures
	Paradigm Shift in Neuropsychological Assessment

	Computer-Based Neuropsychological Assessment
	Automated Neuropsychological Assessments
	Outdated Technology

	Ecologically Valid Neuropsychological Instruments
	Ecological Validity: Need to Incorporate Advanced Technology

	Virtual Environments Offer Advanced Ecological Validity
	Correspondence
	Representativeness
	Expedience
	Relevance

	Conclusions
	References

	Cover
	Front Matter
	Virtual Reality in Psychotherapy, Rehabilitation, and Neurological Assessment
	Virtual Reality in Psychotherapy, Rehabilitation, and Neurological Assessment
	Introduction
	Synopsis of the Chapters in This Book
	Conclusion
	References


	Part 1: Virtual Reality and Psychotherapy
	Virtual Reality Supporting Psychological Health
	Health Care in the USA
	Health and Stress
	Stress and Mental Health
	Stress and Anxiety Mental Health Disorders
	Combat Stress and Combat Stress Prevalence Rates
	Stress and Neurophysiology

	Psychotherapy for Stress Problems
	Chemical Approaches
	Behavioral Approaches
	Biofeedback
	Virtual Reality in Psychotherapy

	Discussion
	References

	Current Trends and Future Directions for Virtual Reality Enhanced Psychotherapy
	Current Trends and Future Directions for Virtual Reality Enhanced Psychotherapy
	VRCBT for Specific Phobias
	Acrophobia
	Fear of Flying
	Claustrophobia
	Panic Disorder Combined with Agoraphobia
	Arachnophobia
	Social Phobia
	Post Traumatic Stress Disorders (PTSD)

	New Developments in VR Applications
	Pain Management
	Eating Disorders
	Sexual Dysfunction

	References
	Training New Therapists


	Virtual Reality Exposure Therapy for Anxiety Disorders: The State of the Art
	Introduction
	The Effectiveness of Virtual Reality Exposure Therapy
	Specific Phobias
	Specific Phobias: Acrophobia (Fear of Heights)
	Specific Phobias: Fear of Flying
	Social Phobia
	Panic Disorder
	Posttraumatic Stress Disorder

	The Role of Presence
	Meta-analyses
	Concluding Remarks
	Technical Aspects
	Personality Characteristics

	Process of VRET
	Psychophysiology in the Process of VRET
	Cognitive Mechanisms in Virtual Reality Exposure Therapy
	Therapeutic Relationship

	Concluding Remarks
	References

	Virtual Reality as a Tool for Cognitive Behavioral Therapy: A Review
	Introduction
	Virtual Reality Exposure Therapy for Phobia
	Exposure Therapy
	Arachnophobia
	Acrophobia
	Fear of Flying
	Social Phobia
	Panic and Agoraphobia
	Advantages of Virtual Reality Exposure Therapy vs. Other Exposure Treatments for Phobias

	Other Employments of Virtual Reality Exposure Therapy
	Post-Traumatic Stress Disorder
	Stress Inoculation Training

	Other Virtual Reality-Based Exposure Techniques
	Virtual Reality Cue Exposure Treatment for Substance Abuse
	Virtual Reality in Eating Disorders Treatment

	Virtual Reality Interventions for Pain Control
	Virtual Reality Analgesia for Pediatric Patients
	Virtual Reality Analgesia for Adult Patients
	Hypnosis Induction by Means of Virtual Reality
	Studies on Virtual Reality Analgesia Mechanisms

	Conclusion
	References

	Virtual Reality and the Training of Military Personnel to Cope with Acute Stressors
	Introduction
	Stress Management Techniques for Military Personnel
	Virtual Reality and Its Potential to Induce Anxiety
	VR in the Treatment of PTSD
	The Use of VR in Stress Management Training
	The Feeling of Presence
	Conclusion
	References

	How Can Presence in Psychotherapy Employing VR Be Increased? Chapter for Inclusion in: Systems in Health Care Using Agents and Virtual Reality
	Introduction
	Presence
	Variables Which Affect Presence
	Technological Variables
	User Variables
	Interaction Variables

	Summary
	References

	The Healing Potential of Online Virtual Worlds
	Introduction: Social Networks and Virtual Worlds
	Creating, Existing and Participating in the Virtual World
	An Idea to Support a Need
	Benefits of the Virtual World

	Virtual Solutions to Health Care
	Designing the Veterans’ Healing Center
	Focus Therapies
	Other Activities and Intelligent Agents
	Supporting Research for Virtual World Effectiveness
	Expected Results

	Issues and Concerns
	Other Health Examples from the Virtual World

	Conclusion
	References


	Part 2: Virtual Reality and Rehabilitation
	Virtual Reality and Serious Games in Healthcare
	Introduction
	VR Devices
	Haptic Force Feedback Devices
	Tracking Devices

	VR Games for Healthcare
	Dynamic Simulation
	Serious Games for Healthcare
	Flow and Its Application to Serious Games
	Train a User by Modeling Him—User Profiling

	Experiments and Results of Using VR in Stroke Rehabilitation
	SMART Rehabilitation
	VR Game Intervention for Movement Therapy

	Conclusions and Future Work
	References

	Development and Evaluation of a Mixed Reality System for Stroke Rehabilitation
	Introduction
	Stroke
	Applications of Virtual Reality for Rehabilitation and Therapy

	The Design and Development Process
	User Centred Design
	Consultation Phase
	Virtual Environment Development Phase
	The Design of a Mixed Reality System

	Discussion
	Summary
	References

	Design and Development of a Virtual-Reality Based System for Improving Vision in Children with Amblyopia
	Introduction
	Amblyopia and Eye Treatment
	Classification of Amblyopia
	Diagnosis of Amblyopia

	Virtual Reality and Display Technologies
	Treatment of Amblyopia
	Virtual Reality (VR)

	Development of the I-BiT® System for Treatment of Amblyopia
	VR in Healthcare
	The I-BiT$®$ System Multi-disciplinary Development Team
	I-BiT$®$ Interactive Treatment Mode: Game Design
	I-BiT$®$ Passive Treatment Mode: Using Movie Clips
	Development of the I-BiT$®$ System Research Prototype
	Usability Evaluation of the I-BiT$®$ System Research Prototype
	Development of Prototype #1
	Usability Evaluation of I-BiT$®$ Prototype #1
	Development of I-BiT$®$ Prototype #2

	Clinical Evaluation Trials
	Usability Evaluation of I-BiT$®$ Prototype #2
	Study Results
	Study Outcomes

	Discussion
	References

	Doing Play in a Virtual Environment
	Introduction
	Play and Children with Disabilities
	Play as Occupation

	Person-Environment Process
	Person-Environment Fit

	A Theoretical Perspective on the Person-Environment Experience
	Application of the Theoretical Perspective

	Impact of Engaging in Play in a Virtual Environment
	Personal Perceptions of Engaging in Play in a Virtual Environment
	Influence of Virtual Play on Children’s Playfulness
	Influence of Virtual Play on Children’s Motivation

	Summary
	References


	Part 3: Virtual Reality and Assessment
	Neuropsychological Assessment Using Virtual Environments: Enhanced Assessment Technology for Improved Ecological Validity
	Introduction
	Neuropsychological Assessments
	Standardization of Neuropsychological Assessment Measures
	Psychometric Rigor of Neuropsychological Assessment Measures

	Computer-Based Neuropsychological Assessment
	Paradigm Shift in Neuropsychological Assessment
	Automated Neuropsychological Assessments
	Outdated Technology

	Ecologically Valid Neuropsychological Instruments
	Ecological Validity: Need to Incorporate Advanced Technology

	Virtual Environments Offer Advanced Ecological Validity
	Correspondence
	Expedience
	Representativeness
	Relevance

	Conclusions
	References


	Back Matter

