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ABSTRACT 

Medical personnel evaluate patients suffering from phobias without having absolute control of 
the variables of measurement that might affect the condition or its degree of intensity over 
time.  Identifying metrics that could better quantify current and changing levels of phobias 
would be of benefit to a doctor. This study focuses on measurement of vital signs of people in 
a relaxed environment and comparing them with equivalent measures when the person is 
placed in a virtual reality environment.  The purpose of the study is to determine if the 
changed environment has any influence on the vital signs that are measured. 
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1. INTRODUCTION 

The number of phobias and people who suffer from them are increasing due to the stress 
levels inherent in daily activities.  Identification and treatment of these phobias by direct 
exposure to the situation or activity causing the phobia can be dangerous to the physical and 
psychological health of the patient (APA – American Psychiatric Association, 2000).  An 
increase in patient trauma or physical harm may result from such exposure to the situation or 
activity that is at the centre of the patient’s phobia. 

Virtual reality technologies have been used to reduce the levels of trauma caused to the 
patient, obviating the need for the patient to actually experience the phobia in the clinical 
conditions (Waterworth, 1999) (Figure 1). 
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Figure 1. Medical Center for Phobia Treatment: Mary Levin, University of Washington. 

Virtual reality has been used extensively in technological research (Rosen, et al, 1996).  
Applying these techniques to the treatment of phobias may allow a patient to experience a 
specific phobia such as a fear of enclosed spaces, a fear of heights or a fear of driving a car, in 
a more controlled environment, with the opportunity to quickly and safely revert to a relaxed 
environment to avoid dangerous psychological reactions (Riva, 2005). 

Two immediate questions arise: 

1. Can such virtual reality experiences create the conditions required to enable the patient 
to react the same as to the real experience (Emmelkamp, et al, 2002), and  

2. Could such virtual reality experiences be useful in the treatment of phobias, given that a 
doctor’s subjective evaluation/measurement of the patient’s expressed perceptions is 
the traditional means of diagnosis?  

Methods to assess phobic reaction levels involving direct exposure to the conditions that cause 
the phobia can cause both physical and psychological damage to the patient. 

Virtual reality equipment such as infrared tracking and a Head Mounted Display (Scherer, 
1977) (Figure 2) are used to create the virtual environments used in research such as this.  
Other equipment is used to measure the reactions of the patient, including cardiac frequency 
meter, software for processing the frequency of the voice and a thermographic camera.  The 
virtual environment that is created is projected in the Head Mounted Display for the patient to 
experience. 
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Figure 2. Virtual Reality Equipment 

Surveys are the currently accepted method to measure the degree of phobic reaction and the 
effectiveness of treatment for phobias (APA – American Psychiatric Association, 2000).  This 
research proposes the use of a more quantitative assessment methodology, less reliant upon 
the patient’s perceptions, providing a comparative scale against which to assess the level of 
phobic reactions (Cohen, 1977). 

The key feature of the proposed assessment methodology is measurement of changes to 
corporal vital signs, proven by medical specialists to be affected with changes in stress levels.  
This research identifies and measures specific vital signs of a person in a relaxed ‘rest’ 
environment, a natural environment will minimal stress imposition.  It then compares the 
results to similar measurements taken while experiencing a virtual environment that simulates 
exposure to the phobias to be examined. 

The particular vital signs measured in this research are cardiac frequency and corporal 
temperature.  Another measure used is the fundamental frequency of the person’s voice, 
measured using free software for voice processing (SPS – Speech Filing System, 2008). 

The aim of the project is to develop a means of quantifying the changes brought about by the 
virtual environment on the patient’s stress levels without the use of the traditional, less-than-
objective methodologies. 

The phobias selected for inclusion in this project are claustrophobia (a fear of being locked in 
or enclosed) and acrophobia (a fear of heights). 

2. METHODOLOGY 

2.1 Ethical and Safety Considerations 

Ethical and safety considerations are necessary for any research project where processes may 
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have potential effects on the people involved in the research. 

Medical experts with expertise in the area of vital signs were consulted prior to undertaking 
this project.  The recommendations arising from these discussions were: 

� To avoid epilepsy attacks in the patients (caused by photosensitivity or a reaction 
relating to light pattern stimulation), the sessions should last for less than 3 minutes.  
The suggestion was made that the head tracker reaction measurement be removed from 
the project, and that the movement of images during the session should be carefully 
considered to avoid such possible reactions.  

� To avoid natural heat transfer from hands to table surfaces, some form of insulating 
material will be necessary.  Additionally, natural loss of heat to the environment must be 
considered and accounted for in the calculations relating to temperature changes.  

� To use a survey of participants in the study to ensure the identification of those suffering 
from the particular phobias to be considered – claustrophobia and acrophobia.  

� To ensure voluntary participation the survey should clarify that the study is not being 
carried out as part of any treatment regime, and the participants should acknowledge 
this in agreeing to take part in the project.  

� To conduct a vision test of participants, as patients with visual problems may experience 
tiredness from the virtual environments.  Patients identified as having visual problems 
should either be eliminated from the study or be supplied with virtual glasses to 
compensate for the visual impairment.  

2.2 Vital Signs 

Some elements to be monitored, such as the frequency of heart beat, cardiac variability, 
patient temperature and the fundamental frequency of the patient’s voice, will provide 
quantitative measures of the patient’s stress levels.  These measures can also identify changes 
in the patient’s reactions relating to a specific phobia. 

The vital signs selected for measurement in this project were determined by the relative 
magnitude of change when stress levels are modified.  Other vital signs considered for 
inclusion lack evidence of correlation to stress levels in medical literature. 

2.3 Stress Levels and the Regulation of Temperature 

Intense stress produces emotional changes in a patient that leads to poor temperature 
regulation in the body.  Parts of the body with high capillary irrigation, such as the hands, 
exhibit higher levels of temperature change. 

The temperature change comes about because of hormone segregation causing blood vessel 
constriction, muscular spasms of the walls of the arteries and oxidation of the red cellular 
membranes, leading to thickening and clot formation due to the platelets (Ali, 2002). 

Thermographic tests of the hand do not demonstrate a large enough level of temperature 
change to identify differences between control patients and the two groups with phobias in the 
virtual environments (Figure 3). 
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Figure 3. Thermographic Data 

2.4 Heart Rate Variability 

Heart rate variability refers to arrhythmia, a non-symmetrical rhythm of the sinusal node, the 
heart’s ‘pacemaker’ (McCraty, et al., 1995) occurring during the breathing phase.  A person’s 
emotional changes influence this arrhythmia (Hall, 2004). 

Measuring heart rate variability rather than cardiac frequency (Figure 4) reveals a significant 
reduction that correlates to the exposure to the virtual environments. 

 

Figure 4. Cardiac Frequency (Rest Environment) 

2.5 Fundamental Frequency of the Voice 

The muscles of the human body, including the vocal cords, vibrate at a specific frequency.  
Stress can cause changes to this muscular vibration frequency and to voice frequency. 

A useful measure is the fundamental frequency of the voice, the frequency of the sound 
produced by the vocal cords.  This is highly correlated with intonation and stress levels. 

The two environments involved in this project, the natural/rest and the virtual environments, 
can be distinguished by changes in the fundamental frequency of the voice by measuring 
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average values (Scherer, 1977).  Neither voice duration nor volume demonstrate any changes 
that could be correlated with the specific environment involved, so are not considered useful 
parameters for measurement (Figure 5). 

 

Figure 5. Voice Register, Fundamental Frequency and Energy 

3. EXPERIMENTAL PROCEDURE 

Virtual environments to simulate claustrophobic and acrophobia experiences were created for 
use in this research.  Vital signs of participants in the study were measured in a naturally 
relaxed (rest) environment to compare with results obtained when exposed to the two virtual 
environments. 

The project attempted to determine if these virtual environments produced similar effects to 
real world experiences, thus enabling their use as a tool in the treatment of the phobias. 

Participants for the study were selected from engineering students from the Universidad Libre, 
Bogotá, Columbia (ULC).  The number of participants needed was statistically determined as 
308 of the 1,350 students at the ULC, providing significance at the 0.015 level, with a 
probability of change of the average value of 90%. 

43% of the participants reported prior experience of some form of phobia, with the remaining 
53% reporting no phobias.  Of the participants with phobias, 56% identified as suffering from 
acrophobia, 18% from claustrophobia and the remainder from other phobias. 

The project was carried out as follows: 

� Participants were full informed of the processes to be utilized and they were trained in 
the use of the virtual reality equipment.  

� At the completion of training, the participants filled in a simple survey.  While filling in 
the survey, their vital signs were monitored, giving a data while in this ‘rest’ 
environment.  

� Participants were exposed to the two virtual environments – height and closed spaces – 
while the researcher monitored the same set of vital signs.  The virtual environment 
used images of 360x360, a Head Mounted Display (true 800x600 resolution, PC/SVGA), 
an infrared tracker (SmartNav 4), a Polar system for cardiac frequency (Polar S625X), a 
microphone and software for processing the voice frequency (SFS), a fan and a 
thermographic camera (Flir system).  

� The data collected was analysed to identify significant differences between the 
environments.  

� Participants were given a further survey at the end of data collection to collect personal 
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impressions of the method and the stress levels it may have generated.  This data was 
then compared to that already collected.  

4. RESULTS 

Some of the vital signs did not show significant differences with the differing environments.  
Others, however, provided enough differentiation that they could be useful in determining 
changes that may occur during the treatment for a phobia. 

Further, there are indications that the specific virtual environment to which the patient is 
being exposed (claustrophobic or acrophobic) can be identified solely through the data 
collected. 

Of the participants who had identified as suffering from acrophobia, 47% reported that they 
were mildly affected by the virtual environment.  Only 5% reported feeling ‘very affected’.  
Improvements to the virtual reality experience are necessary before there could be any valid 
comparisons to the ‘real’ experience. 

Of participants 8.8% reported feeling sick either during or immediately after experiencing the 
virtual environments.  These symptoms, described as “motion sickness” or “simulation 
sickness”, are caused by a discrepancy between brain and senses responses.  Even with the 
virtual environments, a participant is still able to perceive some aspects of the real world 
beyond the virtual, and the differences lead to these feelings of sickness. 

There was no significant difference in cardiac frequency measurements for individuals 
experiencing the claustrophobia virtual environment (rest environment: 83.3bpm, virtual 
environment: 84.4bpm, giving ANOVA significance of 0.754).  Average cardiac frequency 
cannot be used to identify patients who would be affected by the virtual reality conditions.  
The same applies for the acrophobia virtual environment, which had an ANOVA significance of 
0.413 – there was no statistical difference in cardiac frequencies between rest and the two 
virtual reality environments. 

For participants suffering from acrophobia, average body temperature showed significant 
change from the rest environment.  The same was not true for those suffering claustrophobia; 
ANOVA significance of 0.558 would indicate that body temperature changes are not a good 
indicator for this condition.  The change in temperature for those with claustrophobia was in 
fact very small: 

Table 1. Change in Body Temperature 

The change in body temperature for participants appears to differ from that which would be 
expected from the existing medical literature.  Most studies report a drop in body temperature 
when undergoing stress.  It is possible that while the reaction to the virtual environment is not 
very strong, the experience of the phobia itself causes an increase in the participant’s general 
levels of attention.  This increased attention may generate the same increase in body 
temperature that would normally be associated with a relaxed environment. 

Participants with acrophobic tendencies had significantly higher fundamental voice frequencies 
compared to rest environment measurements. 

The energy of the voice did not differ significantly between the three environments, and so is 
not a useful measure to determine the impact of the virtual environments, as shown in the 
table below. 

Environment Average temperature 

(degrees Celsius) 

Rest 28.26 

Acrophobia 28.7 

Claustrophobia 28.5 
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Table 2. Change in Energy (Voice) 

There was a significant difference in cardiac variability between the “at rest” and the combined 
measurements of the virtual environments, with ANOVA significance lower than 0.005, with a 
decrease in the virtual environments that is supported by the existing medical literature. 

Table 3. Change in Cardiac Variability 

Cardiac variability is the only measure that provided an effective means of identifying the level 
of stress generated by either virtual environment.  The other vital signs were only able to 
identify changes in the acrophobia virtual environment.  These results indicate that the 
claustrophobia virtual environment does not provide an equivalent experience to that of the 
real environment. 

5. CONCLUSION 

 

Figure 6. Virtual Reality Center 

Virtual reality tools are used in the treatment of phobias by some medical centres (Zajtchuk, 
et al, 1997) (Figure 6).  The aim of this research project was to identify specific vital signs that 
could be used as an objective and quantifiable measure of effectiveness of the treatments 
involved  

Average cardiac frequency, and the energy and duration of the voice were not useful 
measures to identify the reaction to the virtual environments involved in this study.  Other 
measurements such as body temperature, cardiac variability and fundamental frequency of 
the voice were able to distinguish between the natural/“at rest” and the virtual environments.  
Only cardiac variability could be used to measure both claustrophobic and acrophobic virtual 
environments.  Body temperature and fundamental frequency of the voice were only able to 
distinguish between natural/“at rest” and the acrophobic virtual environment. 
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Environment Energy of the voice 

(in decibels) 

Rest 81.4 

Acrophobia 80.5 

Claustrophobia 80.7 

Environment Cardiac variability 

Rest 3.50 

Acrophobia 1.05 

Claustrophobia 3.10 
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