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How Real-Time Technology Can 
Improve the Quality of Life 

In the February issue, we looked at an application of inmractive real-time graphics systems 
for entertainment. Previous columns have ~ with interactive ~aJrlljll~ simulation and 
other areas. In this column, we present two articles about ways in which the same kind 
of reaJ-time technology can be apptied with the ~ of improving quality of life, 

"How~ your health_ P' 

There Is no doubt that physlad and mental health help form a foundaBon on which m 
build a h~ppy, satisfying life. People who suffer from phobias or other"anxiety disorders" 
are often painfully aware of the i m p ~  these can have on their happiness and their lives. 
For some, activ'~ies which most of us don't think twice abou t - -  like drtving a car to work 
or being flown to a f'~mrim vacation spot - -  can be seemingly insurmountable ob~acles 
to personal fulfillment. Could It be dmz computer ~ o g y  can help people surmount 
some of these fears? In o~r first article, Hark and Brenda Wiederhold - -  both medical 
professionals from sou~ern California - -  give us a look at some of the work being done 
in ~ area. 

Sometimes mental stress, fatigue and depression ere caused by physical pain, Cancer 
patients frequently suffer excessive pain and ddl only adds to the psychological trauma of 
~he whole experience. In Japan, 131:. Hiroshi Oyama and others at the Na~omt Cancer 
Center Hospital and the Mttsubishi Electric Corporation are working to help relieve 
some of this stress. They are developIr~ a'hHdlness system" to try to ease some of the 
srodety and stress that cancer patients experience, by allowing them m vlrtu.lly experi- 
ence a natural environment, from the convenience of their bedsid¢ Our second article 
describes this ongoing effort, and some of their initial findings. 

A reminder - we are very interested in hearing from our readers. In particular,if you are 
involved in a new (reaJ-dme, interactive) applicaUon, or have a related 1~1~ic that you think 
might be interesting to share with the SIGGRAPH membership through our column, 
please let us knov¢ Also, if you have feedback to offer on current or past columns, we 
would be more than glad to hear 

Glen Fr~er, Scott $. Fisher 

The Use of Virtual 
RealityTherapy for the 
Treatment of Anxiety 
Disorders and Phobias 

Brenda I~ Wiederho ld  
Center forAdvanced Multimedia Psychotherapy 
California School of Professional Psychology 
Research and Service Foundation 

Hark  D, Wiederho ld  
Department of Internal Medicine 
Scripps Clinic Hedical Group 

Twenty-three million Americans will be diag- 
nosed with an anxiety disorder during their 
lifetime, Anxiety disorders are the most 
common group of mental disorders in the 
United States and the fifth most common 
diagnosis seen by primary care physicians. 

In 1990, $147.8 billion mental health care 
dollars were spent in the United States, with 
$46.6 billion dollars (32 percent) spent on the 
treatment of anxiety disorders. 

Although virtual reality (VR) has been avail- 
able for more than 20 years, most applications 
include use by the military and the entertain- 
ment industries. VR is now being used to train 

surgeons and plan complex surgical approach- 
es in three dimensions. The use of virtual 
reality to treat and diagnose mental health 
disorders is still relatively new. 

Fear of  Heights 
The f irst study by Hodges, Rothbaum and 
North in Atlanta used VR exposure to treat 
fear of heights. Seventeen subjects were 
exposed to virtual height situations - -  a glass 
elevator, a series of bridges with varying 
heights and degrees of stability and a series of 
balconies with varying heights. Participants' 
subjective ratings of fear, anxiety and avoid- 
ance decreased significantly for all participants 
in the VR exposure group, but remained 
unchanged for the control group. 

In another study, Lamson exposed 30 partic- 
ipants to simulated height situations. A total of 
90 percent were able to experience height sit- 
uations in the real world after one week of 
exposure. Thirty months after therapy, 90 per- 
cent were able co ride in a glass elevator. 

To follow-up on these studies, which did 
not include a group receiving any other treat- 
ment, Huang and associates in Michigan are 
now conducting a study to compare in vivo 
exposure and virtual reality exposure co treat 
fear of heights. They are modeling a virtual 
world to exacdy duplicate a staircase at the 
University of Michigan. 

Fear of Flying 
Characterized by an unreasonable or exces- 
sive fear of flying or the anticipation of flying, 
this specific phobia affects 10 to 20 percent of 
persons in the U.S. 

An initial study treating fear of flying, done by 
Hodges and Rothbaum in Atlanta, involved a 
subject who had not flown for two years prior 
to treatment. She had become progressively 
more anxious about flying and had finally dis- 
continued flying for business or pleasure. 
After seven sessions of anxiety management 
techniques, such as relaxation skills and six ses- 
sions of VR exposure, she was able to fly again 
with her family on vacation, self-reporting less 
fear upon exposure. 
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Figure I: VR simulation to treat fear of driving. Figure 2: Treating fear of flying. 

North et al also did a case study with one of 
the subjects who had been treated for fear of 
heights in the f i rst  VR study. Af ter  five VR 
exposure sessions in a virtual helicopter, he 
successfully completed a flight. 

Research is now underway at the Center for 
Advanced Mult imedia Psychotherapy in San 
Diego to look atVRGET vs. imaginal exposure 
to treat fear of flying. During the exposure ses- 
sions, vital signs are monitored for all patients. 
Based on studies initiated by Carl Jung in 1907 
- -  which revealed that skin resistance correlat- 
ed with emotional tones previously thought to 
be invisible - -  resistance levels are shown to 
patients as an indicator of arousal and anxiety. 
Physiological measures being monitored include 
heart rate, respiration rate, peripheral skin tem- 
perature and brain wave activity. Data analysis 
wil l  reveal whether  other  physiological data 
may be important to  note as patients become 
desensitized to the phobic stimuli. Emotional 
processing theory suggests that in order  to  
change a fear structure, it must be activated 
and informat ion incompatible wi th  the fear 
must be provided.  Accord ing to  Foa and 
Kozak, there are three indications that emo- 
t ional processing is occurring: physiological 
arousal and self-reported fear during exposure; 
diminution of fear responses within sessions; 
and a decline of arousal across sessions. This 
study will examine how physiology, self-report 
measures and behavioral indices correlate. 

Fear of Spiders 
Hoffman, at University of Washington, has com- 
pleted a case study to t reat  fear of spiders 
using both virtual reality and augmented reality. 
The subject had a severe fear of spiders for 20 
years. Treatment involved exposure to a taran- 
tula and a black w idow in the virtual wor ld,  
then touching a furry toy spider while viewing a 
corresponding virtual spider. Af ter  12, one- 
hour sessions, the patient was able to  go camp- 
ing in the w o o d s  and surv ived a sp ider  
encounter in her home. One-year fol low-up 
indicates that treatment is still successful. 

Claustrophobia 
Bullinger has begun to explore virtual reality 
for  the t reatment  of claustrophobia, using a 
head-mounted display and a 3D joystick Dur- 
ing virtual exposure, the patient is allowed to 
increase o r  decrease the size of  a v i r tual  
room, bringing the walls closer and closer as 
desensitization continues. The patient can exit 
at any time via a virtual door at one end of the 
virtual room to escape if necessary. Patients in 
the initial study have received three sessions per 
week for four weeks (12 sessions), and initial 
results show a decrease in overall anxiety scores. 

Fear of Driving 
Berger and others at Hoffstra University are 
currently conducting a study on the treatment 
of  fear of driving. The study wi l l  compare 
imaginal exposure therapy and virtual reality 
exposure treatment.  Since a fear of  driving 
may occur as part  of a simple phobia or  as 
part of agoraphobia, and since driving deficits 
are often seen after head trauma, stroke or  
other physical insult, this area has a wide range 
of potential applications forVR technology. 

Social Phobia 
North and colleagues have begun using virtual 
reality to treat fear of public speaking. Initially 
subjects were exposed to a virtual audience 
and experienced similar symptoms when in 
front of a real audience - -  dry mouth, sweaty 
palms and increased heart rate. Self-reported 
anxiety (SUDs) as well as scores on an Att i -  
tude Toward Public Speaking Quest ionnaire 
were found to be decreased after treatment. 

Obsessive-Compulsive Disorder 
A group in Georgia is now exploring the effica- 
cy of treating OCD withVRGET. The program 
has nine steps - -  four of which prepare the 
patient, two  that set them on a therapeutic 
course, and three that continue them through 
thei r  therapy. The steps involve education, 
behavioral assessment, a treatment plan, treat- 
ment and relapse prevention. An interactive 
voice response system using a prerecorded 

voice responds to the caller's answers to sev- 
eral questions. Dur ing the f i rst  cont ro l led  
study, 17 subjects completed at least two  ses- 
sions using the system. Of  those completing 
the sessions, a decrease in discomfort of over 
50 percent was obtained. Eighty-five percent 
of patients subjectively rated themselves as 
very much or  much improved. 

Posttraumatic Stress Disorder (PTSD) 
Since most studies have used some form of 
exposure therapy as part of the treatment reg- 
imen, a group led by Hodges and Rothbaum in 
Atlanta is exploringVRGET at the Atlanta Vet- 
eran's Administration Hospital to  treat PTSD. 
Treatment involves exposing the veterans to 
virtual Huey helicopters which wil l  fly them 
over the jungles of Vietnam. 

Conclusion 
The advantages of virtual reality therapy com- 
pared to in vivo exposure include: 
• No loss o f  patient confidentiality. The patient 

and therapist do not have to venture out  
into public and risk exposing the patient to  
possible embarrassment if they would prefer 
their treatment remain confidential. 

• No safety issues. The patient is in the safety 
of the therapist's office, and the VR system 
can be turned off at any t ime the patient 
might request. 

• More flexibility o f  the session. If a patient 
has a fear of one aspect of exposure, for  
example the actual experience of standing in 
a grocery checkout line, then this can be 
practiced over and over in the virtual world. 
In the real world,  a patient may feel conspic- 
uous checking out over and over again at 
the grocery store. 

• Just "unreal" enough that many patients who 
have res is ted  t he rapy  due to in vivo 
approaches are willing to try it. They know 
they can stop the vir tual  exper ience vs. 
being"trapped" in a real-life scenario, 

• Less time involved. The cost advantages here 
are obvious. 
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Advantages of virtual reality when com- 
pared to imaginal exposure include: 
• The highly immersive nature of  VR. Some 

patients can't visualize and therefore imagi- 
hal exposure doesn't work as well for them. 
VR should work better for this group of 
individuals due to providing several sensory 
modalicies. 

• The therapist sees what the patient sees. 
Emotional processing theory purports that, 
in order to successfully treat a phobia, the 
patient's fear structure must be activated 
and modified. With VR, the therapist has a 
chance to see exactly what stimuli is activat- 
ing the patient's fear structure and will then 
be better able to work on reducing the fear. 

• The therapy is more realistic than imaginal 
for most people, which should al low for 
fewer treatment sessions, and therefore less 
cost for treatment. 
Virtual environments clearly show promise 

for the future. Ir is impor~nr that controlled 
studies and outcomes analysis continue, so 
that true cost/benefit analysis can be done. 
Additionally, a variety of other disorders may 
respond co the use of virtual worlds. One 
new development will allow the therapist to 
accompany the patient into the virtual world, 
a l lowing addi t ional  f lex ib i l i t y  and new 
approaches in the therapy session. 

Brenda K. Wiederhold, M.$., MBA 
Center for Advanced Multimedia 
Psychotherapy 
California School of Professional Psychology 
Research and Service Foundation 
6160 Cornerstone Court East 
San Diego, CA 9212 I 
Tel: + 1-619-457-1464 
Fax: + I-61 ?-672-8560 
Emaih Brend~v ied~,ao l .com 

Hark D. Wiederholdp M.D., Ph.D. 
Scripps Clinic Medical Group 
1200 Prospect Street, Suite 400 
La Jolla, CA 92037 
Tel: + 1-619-646-4128 
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VR Reproduces Wellness 
for Cancer Patients 

Hireshi  Oyama  and Nor iyuk i  Katsumata 
National Cancer Center Hospital 

Mieko Ohsuga and Yoke Tatsuno 
Mitsubishi Electric Corp. Advanced 
Technology R&D Center 

VR technology may be used to construct virtual, 
yet realistic, environments that patients can 
enjoy, experience and feel refreshed in without 
being caused additional stress or fatigue. Our 
medical virtual reality (MedVR) project has sever- 
al goals. One is to improve the quality of life 
(QOL) of cancer patients with a weJlness sup- 
port system incorporating virtual reality (VR) 
technology [6]. It is expected that the beautiful 
scenery, in conjunction with wind, scents and 
sounds, will r~-esh patients, and that the interac- 
tive changes in the natural world evoked will 
relax and refresh them. 

Although we have already demonstrated the 
possible use of such technology in mental health 
care, we still have improvements to make in the 
VR technology, and in investigating how to uti- 
lize it in the most elTective way. VR sickness is a 
potential side effect [I], for example. On the 
other hand, VR immersion techniques may 
improve the emotional condition of cancer 
patients suffering anxiety, insomnia or depres- 
sion [5]. Five years ago, we developed a prom- 
type VR system to research the possibility of 
psycho-oncological VR therapy (POVRT), and 
started to apply theVR immersion technique co 
relieve anxie~, reduce cancer pain, encourage 
patients to fight with their cancer and prevent 
disuse atrophy [6]. We have been researching 
and developing wellness support systems that 
use VR technology. One of these systems is 
called the virtual forest walk system (Bedside 
Wellness System) [2]. We have already 

reported that, for a healthy person, the system 
increased the pain threshold, reduced the level 
of stress and increased satisfaction [3, 4]. We 
report on how effective the Bedside Wellness 
System is in supporting cancer patients. 

System Conf igura t ion  
The Bedside Wellness System stimulates the 
patients' senses of sight, sound, touch and 
smell (Figure 3). The system consists of a 
wide-view three-screen LCD with stereo 
sound (from speakers and headphone), a walk- 
ing-system for the bedridden, a scent system 
with a gentle breeze and a system for monitor- 
ing vital signs (Figure 4) [2]. Walking is simu- 
lated to enhance the reality of the experience 
and to promote early rehabilitation. Actual 
photographs were taken anti later synchro- 
nized with a walking pace [2], and we used 
step-wise changes of the viewpoint in the 
imagery to produce a more natural feeling of 
walking, and to prevent virtual reality sickness. 
We have three difirerent scenarios - -  the walk 
can be in a typical park, on a beautiful plateau 
or along an avenue of cherry trees in blossom. 
The scents, wind and sound (background 
sound and own footstep) will be matched with 
each scenario to make the effect more realis- 
tic. A vital signs unit measures electrocardio- 
gram, blood pressure and respiration in real 
time to evaluate the effect of the treatment 
and to secure patients' safety. 

Method 
VVe per formed a clinical t r ia l  which was 
designed to be one arm of a pilot study co 
confirm the efficacy of the Bedside Wellness 
System in the psycho-oncological care of  
female cancer patients. Twenty-two female 
patients aged 33-75 were studied after giving 
informed consent. There were 18 patients 
with breast cancer and four with ovarian can- 
cer. The patients were given the Hospital Anx- 

Figure 3: The "Bedside Wellness Svs~em " ~mulates pal~en~' senses of sight~ sound, touch and smell. 
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Figure 4: The system's wide-view, three-screen LCD display with stereo sound. 

iety and Depression Scale test (HADS: four- 
point, 14-item self-assessment questionnaire) 
before the VR experience to evaluate their 
emotional baseline. The fatigue scale, which 
was developed at our institute, and the VAS 
(visual analogue scale) were assessed before 
and after the experience. Moreover, we used 
the patients' subjective feelings to evaluate the 
system, just as we did in our previous research 
project. A questionnaire with five graded 
responses was used to subjectively assess each 
patient's mental state. After their virtual 
experience, we interviewed all of the patients 
about their impressions of the system. 

Each of the patients received one experi- 
mental VR session, which consisted of a six to 
seven minute trial. At the end of the session, 
sub)ective ratings were obtained from the sub- 
ject verbally, using a set of adjectives (relaxed, 
refreshed, calmed, vivid, strained, depressed, 
displeased, sleepy and tired). After finishing 
the trial, the subjects were required to answer 
a written questionnaire (post questionnaire), 
on both positive (satisfaction and pain reduc- 
tion), negative (fatigue and pain) effects of the 
system and the degree of expectation of the 
effectiveness and the hope of repeated trials. 
We also gave out four sets of questionnaires 
which included VAS and the fatigue scale, and 
asked patients to fill them out each day after 
the experimentalVR session (for a total of four 
days). 

Results 
The results of the fatigue scale showed a signif- 
icant difference between pre and post scores 
(p<.05). Post scores showed less fatigue com- 
pared to presession. The post VAS score also 
indicated significant difference compared to 
pre VAS (p<.05). Eleven patients reported a 
better mood post session. Four out of 22 
patients were very satisfied with the system, 
five were slightly satisfied, 10 satisfied a little 
and three were slightly dissatisfied. None 

were very dissatisfied. When asked about 
fatigue, 16 were not fatigued, four were a little 
fatigued, one was fairly fatigued and one did 
not answer. Sixteen patients expected positive 
effects, while five did not. Seventeen patients 
desired a repeat trial, and four did not. Of the 
eight cases with cancer pain before the ses- 
sion, two forgot their pain and it was reduced 
in four others. Af ter  the session, most 
patients showed an increase in positive emo- 
tions and a decrease in negative emotions. 
Most patients became more animated after the 
system trial. Thirteen patients improved in 
their HADS scores. There were too few cases 
to evaluate changes in the vital signs. 

Summary 
This study showed that our virtual forest sys- 
tem has a significant effect in the mental sup- 
port of cancer patients: reducing anxiety and 
increasing refreshed feeling. Almost all of the 
patients were happy with the treatment and 
had positive impressions about their experi- 
ence. In addition, some patients reported chat 
their cancer pain decreased during the trial. 
Some cancer patients remember the nausea 
and vomiting they experience during their first 
treatment with chemotherapy, and develop 
these symptoms in their second treatment, 
even before it begins. This is called anticipato- 
ry emesis, and it is resilient to treatment with 
anti-emetic drugs. We hope to use the virtual 
forest walk system to treat or prevent antici- 
patory emesis. 

Improvements are still needed to make the 
experience more natural. We especially need 
to improve the technology, to al low the 
patients co feel that they are controlling where 
they walk. Patients' more active involvement 
should be considered. 

Virtual environments should have enhanced 
reality. Moreover, a method to have the 
patient control the state of the virtual environ- 
ment should be developed. A quantitative 

method of assessing the effects of this treat- 
ment also has to be established. Ultimately, a 
more compact system for home use and a 
multi-user system connected to a network 
should be developed. 
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W h o  are  your 
t h e  e d l m r  quer ied  . . . . .  
Ir's fo r  o u r  r eade r s  t o  know. 
Ex t r aqo r~  bio in this qua r t e r ' s  CG, 
S h o w  t h e m  w h a t  y o u , v e g o t  t o  show. 

I'm a computer guy - -  "graphic" computer guy, 
,T~ms pre t ty  simple m me. 
My keenness on real-time:springs from my .h!stor),, . 
MakingVR for mormy. . : 

Creative pursuWs at le~¢ half . . . .  
It s e e m s  tha t  the stereotypes aren~ so Simple, 
I do the art and do the rnaffi. 

Here recently, though (counting back five years .now), .. 
I ~  dowty expanded n~ view. 
lnt~nE~on and vlewtng are still a big part, 
But another love ~ a n ~ t J o n  i Is new. 

And, for the poed=~t  ch~en~,d] 

Glen Fraser is a Computar ~ e e r  with a passion for v i r l ~ l  
: real i ty and o t h e r  forms of real-t ime visual computing. He  
currently works st $OFTIHAGE, developing InteracTive viewing 

a ~  t ~ S  " T ~  ~ yOU ~ { l ~  ' f r o m  d i ~ i ~ ' ~ .  • 

reading r i~n t to  the end of this column each Issue. What e l~ !  
He loves (listening to and t ry ing  to  make)•music. H e enjoy= 
e d l ~  but loves wr id r~  He loves special effects, but nor  a t  t h e  i' 
~ "  l Of ' ~ d  ~ o r  ~ . J ~ l ~ e l  c i ~ 1 ~ ~ .  IH e :l ~ " lll ] l 

d~cove~n~ l express!n8 and a p ~ T J n 8  thQ absurd (yes, Inll:diit : l l  
l o f t i e r ) .  H E  ~ J e ~ E I c L  l l l 

Glen ~ n  be reached ~ g l e n _ f r a s e r ~ u r ~ h . o r g .  

L q 

I 

I 
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