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Chapter 1 : Introduction
It is believed that dolphins are a valuable source of natural healing. Dolphin therapy is used
for a number of different disorders such as autism, cancer therapy, neurological problems and
to cure anorexia. Stress is a phenomenon which affects all individuals at some stage of their
lives and can be a major disturbance, often affecting their everyday functioning. A means of
reducing the stress that an individual feels is needed. Dolphins are used for therapeutic
purposes and the idea of exposing individuals to some form of interactions with dolphins is
suggested. There are, however, practical complications that arise from this theory, including
the high cost of the therapy and the fact that dolphins have to be caged for use in this kind of
therapy. A proposed solution to these concerns is to create a precise virtual dolphin
experience. Virtual reality has proved to be highly useful as, not only a means of simulating
virtual worlds, but also in the medical field for example to cure phobias, helping burn victims
overcome pain and reducing anxiety felt during public speaking. This suggests that by
simulating an underwater virtual world populated by virtual dolphins, subjects will start to
feel relaxed and the therapeutic nature of the dolphins will have a calming effect on them.
Factors such as the realism of the graphics and the immersion that the subject feels in the
virtual world will play a role in whether or not virtual dolphins are convincingly real enough
to have the same impact on individuals as real dolphins. Experiments are carried out to assess
the effect of virtual dolphins on individuals. If virtual reality can be convincingly real then
virtual dolphins would be a suitable substitute for the real experience of swimming with
dolphins. The idea of swimming with virtual dolphins is discussed in this paper.

1.1) What is stress?
Stress is a term that is so often heard that its meaning is often taken for granted and included
as part of one’s everyday lifestyle. Stress is defined as the sum of all non-specific changes
caused by function or damage or more simply put, “the rate of wear and tear in the body”
([27], p5.). Stress is a response to some stimulus called the stressor. When the body is
threatened by a stressor, many factors prepare the body for dealing with that stressor.
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The release of the neurotransmitter norepinephrine from the sympathetic telodendria is
responsible for changes in most of the end-organ activity [27]. Although many parts of the
body are affected by stress, the heart in particular is studied as heart rate is used for the
following experiments as a measure of stress. The cardiovascular system is also believed to
be the main target organ of stress response, particularly in males.

Cardiovascular measurement of stress response include measures such as heart rate,
peripheral blood flow and blood pressure. Heart rate is used for the purposes of this
experiment.
Heart rate activity (in response to a stressor) is a result of direct neural innervation and
neuroendocrine activity of the 2 catecholamines, epinephrine (adrenalin) and norepinephrine
(noradrenalin) [27]. During a stressful situation, the heart ventricles are maximally
responsive to circulating epinephrine and will pump increasingly quicker and with greater
force of ventricular contraction. This can prepare the body for a potential “fight or flight”
situation which is the mobilization of the body to prepare for muscular activity in response to
a perceived threat. The body can then either fight or flee from the threat.

It is therefore an aim of the experiment to be able to reduce heart rate. This theoretically
should then reduce the amount of activity in the heart and hence reduce the level of stress felt
by the individual. If the individual does not feel threatened, then the fight or flight response
mechanism of the body will not have to have been activated and the individual can relax and
feel calm and unthreatened. Research fails to show consistent reduction in circulating
catecholamines under relaxation [27]. It is noted, in fact, that the release of norepinephrine
may actually increase during the elicitation of the relaxation response. This seeming paradox
does not, however, disallow relaxation.
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Chapter 2 : Related Research
“A new computer interaction paradigm has been introduced in the form of virtual reality
whereby an individual no longer simply observes images on the computer screen but becomes
actively involved in a three-dimensional world incorporating sound and motion” [6]. Virtual
reality is used in a number of different applications for a variety of different purposes [4].The
medical field is especially finding it a useful technique for a number of different disorders
such as the fear of heights, arachnophobia, anorexia, sexual abuse, the anxiety of public
speaking and helping burn victims overcome pain. A fear-of-flying system is also developed
for treatment of post-traumatic stress disorders with Vietnam veterans [12][13].

2.1) Using VR to cure phobias
Much research is conducted on the use of virtual reality to cure phobias, for example
acrophobia (the fear of heights) [14][15] and the fear of public speaking [26]. In particular
arachnophobia has been studied in great detail [18]. The Human Interface Technology Lab at
the University of Washington developed a virtual tarantula-infested world know as
SpiderWorld which immerses the phobic individual into a virtual reality simulation of their
worst fears to cure their phobia [17]. SpiderWorld is constructed from a simple virtual reality
kitchen demonstration. The patient uses a virtual reality helmet and glove that enables him /
her to explore a 360 degree space with animated spiders walking around the kitchen with him
/ her. The large, brown, virtual tarantula is constructed from photograph-quality texture
mapped fur, and a smaller black spider and an associated three dimensional web are used
[16]. The system is further enhanced with a physical component - a toy spider which is
constructed from the fur of a stuffed toy dog. When the patient reaches out with the
cyberhand to explore the virtual object, his / her real hand explores the toy spider which is
attached to a polhemus position sensor. The virtual spider therefore feels furry and more
realistic, it has weight and any movement causes a corresponding movement of the virtual
spider.

The technique used to cure the phobia is that of systematic desensitization which consists of
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the gradual and systematic exposure of the phobic patients to the feared stimulus (the spider)

while helping them to relax [7][16]. With each session the spider gets closer and closer to the
individual until he / she is able to touch it without fearing it and slowly the phobia is cured.
Spiders are placed in a cupboard, made to jump unpredictably upon being touched and they
climb or drop in incremental jumps between the virtual kitchen ceiling and floor. They are
also touched, held and manipulated by the patient and can have their legs pulled off.

The advantage of virtual reality in this kind of treatment is that it solves two problems found
in current phobia therapy namely, imagistic and in vivo desensitization [17]. In imagistic
desensitization, the patient has to imagine frightening scenes or views scary photographs but
not all individuals can scare themselves with imagery. In vivo (live) systems work to a certain
degree but are often expensive, sometimes risky for the doctor and often impractical. For
example, providing real fires for pyrophobics (individuals who fear fires) and ghosts for
phasmophobics (individuals with a fear of ghosts) is highly impractical. The ability to
conduct exposures of virtual fires and virtual ghosts, however, will make treatment available
to more individuals at a lower cost. Virtual reality replicates the qualities of in vivo but
allows the therapist to manipulate the degree of intensity.

Another advantage of virtual reality over other treatments lies in the greater freedom of the
therapist or patient to control the feared stimulus [16]. Virtual spiders, for example, obey
computer commands, they can be placed in different orientations and positions by the
therapist or patient and can be touched without danger.

2.2) Using VR for medical purposes
There is encouraging evidence in the growing literature showing the effectiveness of virtual
reality for medical applications. Virtual reality is used in the field of medicine to cure
diseases such as Parkinson’s disease, anorexia nervosa, sexual abuse and to help burn victims
overcome pain. A tool known as the “Interview” is designed to help professionals when
questioning children between the ages of four and ten who may have been sexually abused.
The idea behind this is that children are often embarrassed to talk about their experiences

The Use of Virtual Reality in the Reduction of Stress

Page 5.

with unfamiliar individuals and so dealing with a computer, which is inanimate, some of the
discomfort will be taken away.

Virtual reality and pain control
Several techniques are investigated for helping burn patients cope with pain such as hypnosis
and tranquillizers [10]. Research is being done into the use of immersive virtual reality to
help reduce severe burn pain [9]. Pain, according to Hoffman, requires constant attention and
due to the fact that virtual reality is attention grabbing, it helps to relieve some of the agony of
skin cleansing the grafts [11].

Parkinson’s Project
An effect called kinesia paradoxa has been simulated using Virtual Vision Sport eyewear and
other devices [5]. Kinesia paradoxa is the triggering of normal walking behaviour in akinetic
Parkinson’s patients by placing physical obstacles at their feet.
“ Near-normal walking can be elicited by presenting virtual objects and abstract visual
cues moving through the patient’s visual fields at speeds that emulate normal
walking.”

2.3) Dolphin Therapy
The reason dolphins are chosen as the focus of this experiment is that dolphins are known to
have a healing effect on humans. For the past two decades therapists and psychologists have
argued that swimming with dolphins can have incredible healing power [20][21]. Autistic
children speaking their first words, help in neurological disorders [22][25], helping
depression [24] and cancer patients going into remission are just some of the claims made
after close contact with these mysterious sea creatures. The Human Dolphin Therapy Centre
in Miami, Florida also has proof of this healing nature of dolphins where an eight-year-old
British boy, Nikki Brice, starved of oxygen at birth and is left unable to speak, speaks his first
words after a few days at the centre [3].

Josh is a moderate to severe autistic, non-verbal child. His mother has only heard him say two
words but says that Josh is getting more out of dolphin therapy than vast hours with
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therapists. With a portable neuro-mapping system which takes information from brainwaves
and puts it on a simple map of the human head in realtime, a map of Josh' s cerebral cortex
shows his mental state is much more relaxed after interaction with dolphins [20][21].

Many researchers believe that this relaxation state is at the root of why dolphin therapy
works.

Project JANUS is an interesting application based on ideas about the nature of the reality in
which dolphins live [19]. It is believed that through their vocalizations, dolphins create a
three-dimensional world of sound, a virtual reality of sonic images constantly broadcast at
one another. John Lilly thought it might be possible to disconnect his internal reality
(operating at a low level in the human brain) from the external reality through isolation, and
connect it with the virtual reality of the dolphins. Communication with the dolphins is
possible and John explored the possibility that dolphins can communicate telepathically with
humans. John predicted that telepathic communication might use a portion of the brain’s
cerebral cortex known as the “silent areas”. Because dolphins have a larger silent area than
humans, John thought they might be more telepathic than humans. Some individuals seem to
have a special rapport with dolphins that might be telepathically based.

A simulated virtual dolphin experience, Cyberfin, is not a true virtual reality application but
offers an intimate virtual encounter with a group of friendly and inquisitive dolphins [23]. Its
unique combination of neurotechnology stimulation with 3 dimensional video and audio
completely immerses an individual in the watery world of the dolphin.

2.4) How they can be used together to reduce stress
Virtual reality is highly effective in a number of applications, particularly in the medical
field. Dolphins are also used to help cure individuals with a variety of disorders and illnesses.
It should therefore follow that using the two will provide a highly effective means of curing
individuals with a number of disorders. Stress from work, running a home, financial strains
and relationships are just a few type of stress which affect millions of individuals around the
world every day. Effects of stress can have very serious consequences on individuals and
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should be dealt with in the most efficient way possible.

A number of different techniques are suggested to assist in relieving stress. Tapes and self
help manuals are suggested but are not always effective. A means of relieving stress needs to
be devised which is exciting enough to stimulate the individual to participate in and at the
same

time relax them, thereby reducing stress. That is where the idea of ‘Swimming with dolphins”
is created. If a situation is created realistically enough to convince a subject that he / she is
doing the ‘real thing’ then it should theoretically follow that it is possible to control behaviour
that would be exhibited by the subject under normal conditions.
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Chapter 3 : Experiment One
“ Swimming with dolphins ” at the Science Festival

An experiment needs to be conducted which will provide information about the effect of
virtual reality on individuals. A demonstration consisting of dolphins and other marine life
developed for the purposes of this experiment is used to see whether it has a relaxing effect
on individuals. The experiment was carried out at a local Science Festival held in
Grahamstown over a period of 9 days. The virtual environment consists of an underwater
simulation which allows the user to “swim” with a variety of different marine mammals
including dolphins, whales and sharks. The experiment aims to achieve two things :

1) to identify factors affecting immersion in the virtual world and

2) to determine the effect on stress levels experienced by each individual.
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An estimated 750 subjects have been exposed to this experiment and various physical
responses were measured, including heart rate. A number of the subjects were asked to
complete questionnaires on various aspects of the experience to gain a greater understanding
of what they feel during the experiment. This was then correlated with their heart rate to see
how the effects of the experiment have affected their heart rate during this experience.

3.1 ) Purpose
There are several

ways to overcome

stress but one

idea is to allow

individuals to

experience the

immersive

effects of virtual

reality in an

environment that

is calm and

tranquil. The

“swimming with

dolphins”

experience is

intended to relax

the individual

and reduce the

stress levels that

an individual may

be feeling. This

should then

impact on the

heart rate and

corresponding effects should be seen. This experiment is also intended to assess factors that
have the potential to influence immersion such as age and gender as well as anticipatory
excitement, comfort of the environment and control over movement.
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Figure 3.1 : A view of the “swimming with dolphins” application

3.2) Method
3.2.1) Environment
A special structure is constructed at the Science Festival venue for the purposes of the
experiment. A wooden board is erected to partition off the virtual reality area from the rest of
the individuals attending the festival. A swivel chair is placed in the darkened “room” in
which the subject sits to do the demonstration. Unfortunately not all the noise from passers by
is eliminated with the resources available. The simulated underwater environment is derived
from

freely available third party code [1] and is extended to run on the RhoVeR (Rhodes Virtual
Reality) system using a Head Mounted Display, with head tracking, using the CoRgi Toolkit
[2]. Sound effects are also added for a more realistic effect. The images are constructed from
smoothed and shaded polyhedral objects with some use of texture mapping. The sequences
are rendered at > 20 frames / second by a Silicon Graphics O2.

3.2.2) Software
The software used for this demonstration contains a number of significant characteristics
which are used with a specific purpose in mind. Virtual reality requires the use of a reference
frame to allow the user to become orientated with the environment. For this reason walls are
added to provide a way for the user to know whether he / she is swimming upside down and
show where the top and bottom of the ocean is. So in effect the environment consists of a
tank in which the subject swims around. The surface of the water is created using a water
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texture and drawn repeatedly to look as if it is moving. The bottom of the ocean is also
created using a different texture to allow the user to distinguish the top from the bottom and
to know where in the ocean they are. Blue is used as the main background colour, not only to
show that it is water that the subjects are swimming in but also because it is relaxing to the
eye and provides a calm, easy to view environment. A colour such as purple or red would not
have provided the same relaxing effect.

3.2.3) Human Factors
Potential factors relating to stress levels include :
a) heart rate - changes in heart rate are used as an indication of stress levels
b) excitement in anticipation of the experience - influences initial heart rate, prior to
the experience.
Peripherals used to conduct the experiment include the Head Mounted Display (HMD)
through which the subject views the dolphins and a heart watch used to monitor heart rate.
A heart rate monitor is first strapped onto the subject, after which he / she fills out the first
few questions of the questionnaire (Appendix A) . A reference heart rate is taken to be used
for later comparisons. This time period also allows any increased heart rate changes to
subside. The subject then “swims” with the dolphins for 2 minutes and throughout the

demonstration, heart rate samples are taken every 15 seconds to monitor the changes that
occur. The subject can move his / her head around to follow a dolphin as it swims past or
simply to view different underwater scenery. The behaviour of the dolphins is modified to
include a degree of curiosity about the subject. This ensures that the dolphins spend some of
their time in the vicinity of the diver. A herd of whales is also present and a simple flocking
algorithm encourages them to remain as a group.

After 2 minutes, the heart monitor is removed and the subject fills out the rest of the
questionnaire which allows for, amongst other things, additional comments and criticisms
which are used to improve the demonstration. Questions are asked about the subject’s
previous experience of virtual reality (if any) and whether or not the subject has done this
particular demonstration before. This gives some indication of any potential biases that may
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arise from the fact that the subject has already seen or experienced some form of virtual
reality. Questions are also asked on the level of control that subjects feel they have
throughout the demonstration and the level of immersion that they feel. This is done to assess
the relationship between factors which may have an impact on the degree of immersion
experienced by the individual. Questions are also asked on the level of anxiety that the
subject feels before and after the demonstration to assess what impact the demonstration has
on him / her and to use to correlate with the results obtained from the heart rate samples taken
every 15 seconds. See Appendix A for the complete questionnaire.

3.3) Results
The majority of subjects react favourably to the demonstration and indicate their willingness
to repeat the experience. Many comment on the realism of the sounds and graphics but there
are a few who make it very clear that these are not of the standard expected of virtual reality
systems! A total of 355 questionnaires are collected. Of those, 82 contain data regarding heart
rate changes that are used for statistical analysis. There are a number of interesting results and
observations that are made and these are summarized in Table 3.1.

Result
Sex :

Range

M: 205 F: 141 Missing :
9

Age :

Mean : 17

6-64

Previous experience of VR :

N: 286 Y: 68 Missing : 1

Anxiety level before :

Mean : 3.6

1-5 (5 = totally relaxed)

Expectations :

Mean : 2.1

1-5 (1 = excited)

Comfort :

Means : 2.6, 2.4, 2.5

1-5 (1 = comfortable)

(HMD, Seat, Environment)
Effectiveness of immersion :

Mean : 3.4 Mode : 3

1-5 (1 = totally immersed)

Control :

Mean : 2.9

1-5 (5 = total control)

Anxiety level after :

Mean : 3.8

1-5 (5 = totally relaxed)

Excitement :

Mean : 2.8

1-5 (1 = exciting)
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N: 31 Yes: 233 Missing :
91

Mean heart rate

Mean: 82.21

57-113

Change in heart rate

Mean : -0.09

-59 to 46

Table 3.1 : Summary of results obtained from questionnaire

The results are analysed according to a number of different factors :

3.3.1) Heart Rate
The data indicates that the initial heart rate is elevated when the demonstration begins. This is
attributed to the fact that most subjects are excited and / or anxious about doing the
demonstration and therefore have an increased heart rate, known as the anticipatory heart rate.
As the demonstration progresses, most of the subjects’ results show a decline although there
are some exceptions whose heart rate slowly increases throughout the experiment. Due to the
fact that most of the subjects are young scholars, excitement could play a role in this
elevation. Figure 3.2 shows the heart rates of four subjects, typical of the different categories
of results.
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Person W has a fairly steady heart rate which does not change much during the course of the
experiment. Person X experiences a decrease in heart rate initially and then his / her heart rate
increases gradually throughout the demonstration. Person Y’s heart rate first increases, then
decreases remarkably and then remains fairly constant for the rest of the demonstration.
Person Z experiences a decrease in heart rate and then a slower gradual decrease for the first
minute or so, after which his / her heart rate remains fairly constant, increasing slightly as the
demonstration progresses.

The information gathered suggests that the excitement of the experience is independent of the
change in heart rate at the beginning and at the conclusion of the experiment. Although the
heart rate may change during the experience, the overall excitement does not influence the
change of the heart rate. The results do, however, show that the majority of subjects do
experience a decrease in heart rate as the experiment progresses and therefore it is concluded
that some stress is relieved by this experience.
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The following graph (Figure 3.3) shows mean heart rates taken at each 15 second interval for
(a) all the subjects whose heart rates are measured during the experiment and
(b) only those subjects who fall into the age group of 16 to 30 years old used for later
comparison. (See section 6.2.5).
It shows the overall average changes in heart rate throughout the demonstration. The
calculation of the overall change (anticipated heart rate - last heart rate) does not accurately
reflect the actual change throughout the duration of the demonstration. This graph gives a
clearer indication of what happens during the course of the experiment.

Figure 3.3 : Mean heart rate sample for the 15 second intervals.

Each interval number represents 15 seconds. The blue line indicates the mean change in heart
rate over the various 15 second intervals for all the subjects who take part in the experiment.
The pink line shows the subjects in the age group of 16 to 30 years old (which corresponds to
the age group of the subjects of the second experiment discussed further on in the paper) and
how their heart rates vary throughout the experiment. Both groups of subjects experience a
decrease in heart rate initially and then an increase towards the end of the demonstration. The
entire group of subjects (the blue line) experience a gradual increase in heart rate throughout
the demonstration. This is attributed to the fact that many of the subjects are young, excited
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scholars whose heart rates increases as the demonstration progresses. The subjects in the age
group 16 to 30 years old experience an increase in heart rate for the first minute or so and
then a decrease for the rest of the duration of the demonstration. This is attributed to the fact
that the older subjects do not find this as exciting an experience as do the younger scholars
and they are able to relax. The virtual encounter with dolphins therefore does have an impact
on the subjects and heart rate is found to be reduced.

3.3.2) The degree of immersion
A comparison of immersion and control shows that the amount of control that the subjects
feel they have is dependent on the degree of immersion that they feel. If totally immersed in
the demonstration, the subjects feel that they have a substantial amount of control. Subjects
who feel they have no control, do not feel immersed in the demonstration. The result of
comparing immersion and excitement yields similar results. The majority of subjects provide
identical values for both.

3.3.3) Expectations before and after
Many of the subjects indicate that they have never seen virtual reality prior to this experience
so it is new and exciting for them. Others state that they have experienced virtual reality
when, in fact, it is not true virtual reality. The ratings for the expectations are generally high
before the experiment and after the experiment they range between exciting and not
particularly exciting. This is attributed to the fact that many individuals have been on
simulated rides which are marketed as “virtual reality” and which they interpret as being true
virtual reality. Although these rides are far more realistic and exciting they lack the
interactive element essential in virtual reality. Another contributing factor could possibly be
the expectations of virtual reality after films such as “The Lawnmower Man”. The use of
computer graphics as opposed to real video images is criticised but many individuals do not
realise that this is the only way to be able to control the interaction of the user and the
environment at present.

3.3.4) Anxiety before and after
Stress levels perceived by the subject before the experiment are in general the same
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afterwards too although some individuals do experience a change in anxiety or stress. If
subjects are

relaxed before the experiment they remain relaxed throughout the demonstration. Many
subjects who are tense before the experience are still tense afterwards but some do relax
during the demonstration.

3.3.5) Factors affecting results
Many factors can contribute to the accuracy and validity of the data as well as the results and
conclusions drawn from this data. Firstly, owing to the fact that most of the subjects are
school going children, the validity of the questionnaires filled out can be doubted. Many of
the children are pressed for time and as they rush, they may not fill out the questionnaire
correctly. Also some of the questions and issues could be misunderstood for example the
issue of control. Many individuals have very different ideas of what control entails. Those
individuals who have experienced virtual reality before indicate that they feel they have little
control whereas individuals experiencing virtual reality for the first time feel they have a great
deal of control.

Individuals are also not certain about what virtual reality is. Many want real video footage,
not computer graphics as they feel this is not real. This is, however, not currently possible
with virtual reality but is kept in mind for later experimentational purposes.

3.4) Feedback
From the questionnaires a number of comments are made which provide a guide for further
improvements to the system and assist in future work on the project. These include :

t

improvements in the perceived realism of the environment,

t

the meaning of control in a virtual environment,

t

a comparison between interactive and non-interactive environments,

t

the addition of movement to the system and
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the link between the level of immersion and the excitement of the demonstration.

It is decided that another experiment should be conducted on a more appropriate group of

subjects (more stressed individuals rather than excited school children) with the view to
obtaining more intense data that will be of greater benefit to the project. With this in mind,
many changes are made to the current demonstration and a second experiment is devised
which will be discussed in greater detail in the next chapter.

3.5) Summary of results
The following table (Table 3.2) summarises the results obtained from the experiment.

Factor

Increase / Decrease

Significance

1. Heart rate

Decrease

Subjects experience relaxation
during the demonstration.

2. Degree of immersion

Increase

Subjects feel part of experiment
and in control.

Decrease

Subjects do not feel part of
experiment and have little / no
control.

3. Expectations before/after

Decrease

Subjects are somewhat
disappointed after the
demonstration.

4. Anxiety before/after

Decrease

Subjects feel less stressed after
doing the demonstration.

Table 3.2 : A summary of results obtained from the Science Festival
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Chapter 4 : Experiment Two : Part I
“ Swimming with dolphins ” Part II
Based on the outcome of the first experiment, a second experiment was conducted to obtain
more information about the effects of virtual reality on stress levels. This experiment also
looks at psychological effects of using virtual reality as a technique for reducing heart rate.
The experiment involves 2 components :
1) the individuals participate in the demonstration (“Swimming with dolphins part II”)
which is modified to include a number of various additional interactive features
including allowing subjects the ability to move and to catch onto a dolphin and let
it

pull them around in the water.

2) the subjects are exposed to a video consisting of video footage of various
underwater scenes involving various forms of marine life, viewed through the Head
Mounted Display (HMD). No interaction is possible during this video.
Of the 35 subjects that take part in the experiment, 20 subjects first watch the video and then
do the demonstration. The other 15 first do the demonstration and then watch the video.

4.1 ) Purpose
A number of suggestions made by individuals who participate in the first experiment has lead
to the development of a new, improved version of the “swimming with dolphins” experience.
Many subjects comment on the realism of the graphics and state that they are not as real as
they had hoped they would be. Subjects also indicate that no interaction is possible and many
of them do not feel immersed in the demonstration as they can not move around. These, and
other similar comments, encouraged the demonstration to be improved in a number of ways.
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The purpose of this experiment is twofold :
1) to allow subjects more chance to interact with marine life during of the demonstration,
providing greater control and immersion and to monitor heart rate to see the effects of the
virtual experience and

2) to gain a greater understanding of what individuals think virtual reality entails by
allowing them to watch video footage through the Head Mounted Display of marine life.

The “swimming

with dolphins part II”

experience is once

again intended to

relax the individual

and reduce stress

levels that he / she

may be feeling. The

experiment is also

intended to assess

factors that have

the potential to

influence

immersion such as

age and gender as

well as anticipatory

excitement, comfort of the environment and control over movement.

Figure 4.1 : A view of the “Swimming with dolphins part II” application

4.2) Method
A total of 35 subjects are exposed to the experiment. Firstly, a heart rate monitor is strapped
onto the subject, after which the first few questions of the questionnaire are filled out
(Appendix B). A heart rate measurement is taken during this time to obtain a reference heart
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rate which is used for later comparisons. The subject then “swims” with the dolphins for 5
minutes and every 15 seconds heart rate samples are taken to monitor the changes that occur.
After 5 minutes, the subject stops doing the demonstration and fills out the rest of the
questionnaire.

4.2.1) Environment
An environment is set up in the Rhodes University Centre of Excellence Multimedia
Laboratory. The subject is seated in the “kennel” which consists of a big, black, wooden box

which contains the CoRgi equipment. The room is air conditioned to add to the cool effect of
being underwater.

4.2.2) Software
The software used is that of the previous demonstration with a number of modifications :
1) texture mapping and terrain rendering is used to create a more realistic looking
underwater environment with a sandy sea bed. When looking around, fogging is
used to create an underwater effect of not being able to see as far as one would if on
land.
2) sea plants are added too which are swept around in the way in which real sea
weeds move around in currents.
3) a representation of a hand is incorporated to allow individuals to reach out and
“touch” a dolphin or sea plants.
4) movement is added to allow the individual to “swim” around in the water with the
dolphins.
5) the ability to ride a dolphin is included.
6) dolphin sounds are added but for the purposes of the experiment, music is used
instead.
The sequences are rendered at between 6 and 8 frames / second by a Silicon Graphics O2.
This is quite acceptable as no significant lag is experienced which affects the navigation in
the demonstration. Some of the detail of the hand is not included when run on the O2 as this
impacts on performance and the greater the amount of detail, the more the system is slowed
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down.

4.2.3) Equipment
Equipment consists of that used in the previous experiment, namely the Head Mounted
Display (HMD) with head tracking, using the CoRgi Toolkit [2]. It does, however, have a
number of extensions. Firstly a tracker attached to a form of glove is strapped onto the
subject’s hand to control the representation of a hand incorporated in the software. Also, a
stick with 4 switches is held in the other hand which
a) controls forward movement and
b) allows the subject to catch onto a dolphin and let it pull him / her around behind it.
When the switches are clicked, the corresponding fingers on the virtual hand move. These are
all extensions added to improve the realism of the experience.

4.2.4) Music
Music from The Big Blue is used to add a calm, tranquil effect to the experience and allow
subjects to relax. The reason music is chosen is that the dolphin sounds are inclined to
become rather irritating after about 2 minutes and seeing as though the demonstration is run
for over 5 minutes, the idea is to relax the subject, not irritate them.

4.2.5) Questionnaire
The questionnaire used to glean information from the subjects is similar to the one used in the
first experiment. There are, however, a few additional questions relating to the modifications
and extensions that are added to the demonstration and also a few questions relating to the
subject’s perception of what virtual reality entails. A question is asked to obtain information
about the subjects’ idea of what virtual reality entails by asking them what they feel a virtual
reality system consist of. A number of options such as a Head Mounted Display and Moving
Platforms, amongst others, are supplied and they can choose any number of these. Because of
the fact that many individuals do not understand the meaning of the term control, the question
relating to control is split up into 3 questions. These include questions on the amount of
control felt by the subjects in terms of their direction of gaze, their control over their own
movement and the environment’s response to their movement.
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4.3) Results
The majority of the subjects are honours and masters students (mainly Computer Science
students) and a few are fellow Rhodes students who are interested in the experiment.
The general impression is very favourable, especially to those who have done the previous
experiment at the Science Festival who say it is very exciting and interesting. Every subject
indicates a keen interest in the demonstration and wishes to experience it again. Many
individuals comment favourably on the realism of the graphics and state that the music
definitely has an impact on the experiment - they find it calm and relaxing. A quote from one

of the subjects,

“ the music adds to the sensation and complements the graphics well to provide a
relaxing atmosphere.”

A number of subjects also state that time flies by so quickly, they want to stay and play for
longer. A number of interesting results arise from this experiment and can be seen in
Table 4.1 below.

Result

Range

Sex :

Male : 23

Female: 12

Age :

4

10-20

31

21-30

Previous experience of VR :

No: 11

Yes: 24

Stress level before :

Mean : 3.5

1-5 (5 = totally relaxed)

Expectations :

Mean : 2.1

1-5 (1 = very excited)

Comfort :

Means : 2.7, 2.4, 2.3, 2.7

1-5 (1 = comfortable)

(HMD, Seat, Environment,
Control devices)
Effectiveness of immersion :

Mean : 2.7

1-5 (1 = totally immersed)
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Control over movement:

Mean : 2.8

1-5 (1 = total control)

Stress level after :

Mean : 3.8

1-5 (5 = totally relaxed)

Excitement :

Mean : 2.0

1-5 (1 = exciting)

Desire to repeat experience :

No : 0

Mean heart rate

Mean: 67.37

54.5 - 96.8

Change in heart rate

Mean : 0.20

-18 to 12

Yes: 35

Table 4.1 : Summary of results

For consistency, the results are analysed according to the same factors as the previous
experiment.

4.3.1) Heart Rate
The mean heart rate is 68 beats per minute which is close to the typical average person’s heart
rate of 72 beats per minute. The overall change is 0.2 which is not a significant change but the
way in which the change is calculated can have some impact on the results. The change is
calculated as the anticipated heart rate (the heart rate at the start of the experiment) minus the
final reading at the end of the experiment after 5 minutes. The heart rate may therefore
change (increase, decrease or both) during the course of the experiment but only the overall
change is reflected in the final result. This does, however, show that the majority of subjects
do experience a drop in heart rate at some stage during the experiment and it is concluded
once again that the experience is helpful in relieving some stress felt by the subject.
Figure 4.2 shows four heart rate samples taken throughout the five minute demonstration.
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Figure 4.2 : Four heart rate samples taken throughout the demonstration

Each interval number in the graph represents 15 seconds. The heart rate measurements for the
above individuals show a mixture of increases and decreases throughout the duration of the
demonstration. Person 3 for example experiences a slight decrease in heart rate at the
beginning of the demonstration but then for the majority of the rest of the experience he
experienced an increase. It is noted that he becomes very excited at the prospect of being able
to move around and swim with the dolphins which may explain the increase in heart rate. He
also finds the experience relaxing, however, from the information gathered from the
questionnaire. Person 1 experiences profound changes in heart rate during the course of the
demonstration while person 2 and person 4 experience little change with their heart rates
remaining fairly constant, decreasing towards the end of the experiment.

Subjects who find the experience very exciting experience different resultant heart rate

changes. Some of the subjects experience a decrease in heart rate while others experience an
increase so the excitement of the experience is independent of the change in heart rate at the

The Use of Virtual Reality in the Reduction of Stress

Page 26.

beginning and at the conclusion of the experiment. The heart rate may change during the
experience, but the overall excitement does not influence the change of heart rate. The
following graph (Figure 4.3) shows the average change in heart rate samples taken over the 5
minute period of the demonstration at 15 second intervals.

The graph shows an initial decrease at the beginning of the demonstration, a gradual increase
for the next few minutes and then a decrease towards the end of the demonstration. This is
explained in terms of the subject experiencing an elevated heart rate at the beginning of the
experiment and so a subsequent decrease after the first few seconds. The gradual increase is
explained in terms of the subject exploring the world and discovering features such as the
ability to move and catch onto a dolphin and swim with it which is exciting. After about 4
minutes, the subject begins to relax and the corresponding heart rate decreases. If continued
for another few minutes, one would probably see a continued gradual decrease in heart rate.
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Figure 4.3 : Mean heart rate samples for each 15 second interval

A possible extension to the demonstration that may facilitate this conclusion may include an
automation option for subjects to switch to an automatic mode whereby a random navigation
around the system is provided. A demonstration automation sequence may include a minute
“swim” around the virtual world, after which a dolphin may be caught onto and the subject
will be allowed to swim with it for a random amount of time. This will allow individuals
simply to sit back and relax while still being entertained by the demonstration.

4.3.2) The degree of immersion
The amount of control that the subject feels he / she has is dependent on the degree of
immersion that he / she feels. A comparison of immersion versus control shows that if totally
immersed in the demonstration, the subject feels a substantial amount of control over their
movement. If they feel they have no control, they do not feel immersed in the demonstration.
This correlates to the first experiment where similar results are obtained. A comparison of
immersion versus excitement yields similar results with subjects who feel immersed in the
experience finding the demonstration more exciting than those who do not feel part of the
experience.
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4.3.3) Expectations before and after
A total of 11 of the 35 subjects indicate that they have never seen or experienced virtual
reality before this experience so it is exciting for them. The other 24 subjects have
experienced some form of virtual reality (some of them at the Science Festival and some are
working on virtual reality projects themselves). Ratings for the expectations before the
experiment are generally high and after the experiment they are still high indicating that the
subjects find the experience
exciting or very exciting. The results show that excitement of the experience is slightly higher
than the expectations of the subjects beforehand - if the subjects are excited or indifferent,
they are at least the same or more excited after the demonstration.

4.3.4) Anxiety before and after
Many of the subjects indicate that they are not too stressed before the demonstration and
afterwards they are still feeling relaxed, if not more relaxed than before. Some individuals
who are tense before, find that they relax during the demonstration. A graph of anxiety before
versus
anxiety
afterward
s (Graph
4.1) can
be seen
below.
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Graph 4.1 : A comparison of stress levels before and after the demonstration

4.3.5) Factors affecting results
Various factors can influence the accuracy and validity of the data. Certain questions in the
questionnaire may be slightly ambiguous or not thoroughly understood or even misinterpreted
by the subjects. A question relating to what an individual perceives a virtual reality system to
contain consists of many possible options - some individuals do not realise that they can tick
more than one option.

Student’s general hatred towards questionnaires in general could impact on the way in which
they are completed seeing as though they have to complete 2 questionnaires in total! Also,
some of the subjects are peers and their comments could be biassed as they know the
experiment is for an honours project.

4.3.6) Virtual Reality expectations
A question is asked about the subjects’ perceptions of what a virtual reality system should
contain. A number of possibilities are given and the subject can choose any number of the
following according to what he / she perceives a virtual reality system to consist of :
(1) Head Mounted Display
(2) Moving platforms
(3) Data gloves
(4) Position tracking
(5) Three dimensional images
(6) Ability to interact with an imaginary world

The majority of subjects choose all of the above to exist in a virtual reality system. Some
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exclude the option of the moving platforms but include all the other options. Of the majority
of individuals who may not have known that they may choose more than one option and only
tick one option, many choose three dimensional images (5) or the ability to interact with a
virtual world (6). This indicates that the majority of individuals who do the experiment do
have some sort of an idea about what virtual reality systems entail.

4.4) Feedback
A number of interesting comments are made and suggestions for future improvements and
developments to the system are suggested. Although no further modifications are going to be
made to the system at present, these suggestions are used for future study.
The following suggestions are made :
t

minor alterations to the demonstration such as more interaction with the dolphins,
getting them to react to gestures, pushing sea weeds out the way

t

synchronised sound

t

video graphics, not computer graphics which is unfortunately not possible

t

and for the over-imaginative, an occasional manta ray, some flippers and a
lightweight, cordless HMD so that one cannot get tangled up in the wires!

The results are generally positive and more encouraging than the previous experiment.
The other component to this experiment is the video which each subject watches as well as
doing the demonstration.

4.5) Summary of results
The following table (Table 4.2) summarises the results obtained from the experiment.

Factor

Increase / Decrease

Significance

1. Heart rate

Decrease

Subjects experience relaxation
during the demonstration.

2. Degree of immersion

Increase

Subjects feel part of experiment
and in control.
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Subjects find the demonstration
exciting.

4. Anxiety before/after

Decrease

Subjects feel less stressed after
doing the demonstration.

Table 4.2 : A summary of results obtained from the second experiment demonstration

Chapter 5 : Experiment Two : Part II
The Big Blue Willy Flipper
The second component of experiment 2 is the viewing of a video which consists of short clips
of underwater marine animals from various sources. The material is taken from videos such
as The Big Blue, Free Willy, Flipper (hence the Big Blue Willy Flipper), National
Geographics and Shark Chronicles. This part of the experiment is run in an identical manner
to the “swimming with dolphins part II” of the previous section and a similar analysis is
performed on the data.

5.1 ) Purpose
The purpose of this experiment is to gain a greater understanding of individuals’ perceptions
vi
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l
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M
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dividuals state in the questionnaire that they wish to see real video clips and not computer
graphics. It is possible to view video clips through the Head Mounted Display but interaction
with the world is currently impossible. It is decided that it would be interesting to see what
individuals think of doing just that - viewing straight video footage through the Head
Mounted Display. It is, however, used for more than just that - it is also intended to have a
relaxing effect on the individual.

The Use of Virtual Reality in the Reduction of Stress

Page 33.

Figure 5.1 : Scenes from “The Big Blue Willy Flipper” video

5.2) Method
The same 35 subjects are exposed to this video. The heart rate monitor is once again strapped
onto the subject, the first few questions of the questionnaire (Appendix C) are filled out and
a reference heart rate is taken. The subject then watches the video consisting of underwater
scenes involving various forms of marine life, viewed through the Head Mounted Display
(HMD) and every 15 seconds heart rate samples are taken to monitor the changes that occur.

5.2.1) Music
Music from The Big Blue soundtrack is used to

achieve

the same effect as in the “swimming with

dolphins

part II” experience, to allow subjects to relax.

The

subjects are also seated in the kennel for this

part of

the experiment. After roughly 7 minutes, the

subject

stops doing the demonstration and fills out the

rest of

the questionnaire which is the same as the one

used for

part I of this experiment but with a few less

question

s, such as the questions on the control devices as no interaction is possible. Questions are still
asked about the subject’s perceived level of control to see if the concept of control is better
understood.
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The video is divided up into three different sections, all designed to perform a specific
purpose. The first two minutes or so involve scenes with dolphins, whales and a seal which is
accompanied by calm, relaxing music. This is followed by a short shark scene (roughly a
minute long) which is used to see the effect on heart rate as sharks tend to introduce an
element of anxiousness or fear into the subject. Clips of a shark feeding and attacking a piece
of meat with blood in the water are shown. The accompanying music also changes to include
a tone of suspense and uncertainty. After that, the music changes back to the calm, peaceful
sounds and dolphins and whales are shown as well as a person clutching onto a dolphin and
swimming with it. The entire video takes 7 minutes to complete and the results from this
experiment are very interesting.

5.3) Results
The general impression gathered from subjects is that it is most enjoyable and they feel it is a
good idea. Most feel it is more realistic and more relaxing as they do not have to do anything

but sit and watch. Many of the subjects say, however, that it is just like watching television
and they miss the interaction with the dolphins. Favourable comments are made about the
scene change from dolphins to sharks and back to dolphins again and the music is said to be
well synchronised with these scene changes.

Some individuals indicate that they feel rather queasy after watching the video and others
indicate a loss of control around their personal space while watching the video - not being
able to see others walking around and not knowing what is happening on the other side of the
Head Mounted Display. A summary of the data obtained can be seen in Table 5.1.

Result

Range

Sex :

Male : 23

Age :

4

10-20

31

21-30

Previous experience of VR :

N/A

Female: 12
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Stress level before :

Mean : 3.3

1-5 (5 = totally relaxed)

Expectations :

Mean : 2.2

1-5 (1 = very excited)

Comfort :

Means : 2.7, 2.5, 2.4

1-5 (1 = comfortable)

(HMD, Seat, Environment)
Effectiveness of immersion :

Mean : 3.2

1-5 (1 = totally immersed)

Control over movement:

Mean : 4.2

1-5 (1 = total control)

Stress level after :

Mean : 3.7

1-5 (5 = totally relaxed)

Excitement :

Mean : 2.6

1-5 (1 = exciting)

Desire to repeat experience :

No : 0

Mean heart rate

Mean: 69.02

53.75 - 99.53

Change in heart rate

Mean : -0.77

-22 to 23

Yes: 35

Table 5.1 : Summary of results obtained from the questionnaire

5.3.1) The shark scene
This scene has rather an impact on most subjects, some expressing their absolute horror at the
sight of the shark. The majority of the subject’s corresponding heart rates are elevated during
this scene, some more than others. This effect is a very significant result as it shows that it is
possible to increase heart rate. If one can increase heart rate (for eg. by showing a shark) ,
then decreasing heart rate should also be theoretically possible by showing something of the
opposite nature (for eg. showing a dolphin scene). A screen shot of the shark can be seen in
Figure 5.2. The rest of the results are analysed according to the same factors as the
“swimming with dolphins part II” experience :
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Figure 5.2 : A scene of the shark from the video

5.3.2) Heart Rate
The mean heart rate is

calculated to be 69 beats

per minute with an overall

change of

-0.77 which means that a

slight increase in heart rate

is experienced overall.

This is because the overall

change in heart rate is

calculated as the reference

heart rate (heart rate the

beginning of the

experiment) minus the

final heart rate taken at the

conclusion of the experiment. The heart rate can change during the course of the experiment
but the overall change is reflected as being a slight increase. This increase can be due to
excitement experienced by the subject as many indicate that it is exciting and new for them.
So although relaxing, they still experience an increase in heart rate. The excitement of the
experience is, however, independent of the change in heart rate at the beginning and at the
conclusion of the experiment. Figure 5.3 shows another four heart rate samples taken
throughout the duration video.
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Figure 5.3 Four heart rate samples taken from the video

The graph produces interesting results with regard to the shark scene. Each interval represents
15 seconds. Most of the subjects experience an increase in heart rate when they see the shark,
some greater than others. The corresponding time on graph where the scenes change to the
shark is between 9 and 13 units. During this time one can see an increase in heart rate for all
the subjects, even for person c who did not experience much of a change in heart rate
throughout the video. This impacts on the way the heart rate varies for the rest of the duration
of the video. For some, the experience puts them on edge, not knowing what to expect next.
Others seem to relax afterwards.

Figure 5.4 shows all the mean heart rate samples for the 15 second intervals found
throughout the duration of the video. Each interval is 15 seconds long. It has an interesting
result in that
the period over which the shark is shown (intervals 9 to 13) reflects an increase in mean heart
rate. This indicates that the shark scenes cause an increase in heart rate for the majority of
subjects as they become anxious about seeing the shark and are not certain as to what will
happen next.
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Figure 5.4 : The mean heart rates for the 15 second intervals

5.3.3) The degree of immersion
Previous experiments show that the degree of immersion that the subjects feel they have is
dependent on the amount of control that they feel they have. The majority of subjects feel that
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or very little control over their movement while watching the video. The corresponding
immersion results show that the subjects do not feel particularly immersed in the video, they
indicate that it is just like watching television. The degree of immersion is therefore
dependent on the amount of control that the subject feels he / she has. When comparing
immersion versus excitement, those individuals who do feel immersed in the data find the
experience more exciting than those who do not feel immersed.

5.3.4) Expectations before and after
A varied set of data results from a comparison between the level of excitement before and
after the video. Subjects who are excited before they watch the video are often disappointed
afterwards as they can not move around or interact during the video. Some, however, still
find it exciting afterwards.

5.3.5) Anxiety before and after
The majority of subjects feel relaxed after watching the video, regardless of how they feel
before. Some of the subjects indicate that they are tense before the demonstration and results
show that afterwards they are feeling more relaxed. Some subject’s stress levels remain
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unchanged. Many of the subjects feel that it is more relaxing than the demonstration as they
merely have to sit and watch, there is nothing really to do. Others find this frustrating and
want to interact with the dolphins. This frustration could lead to an increase in heart rate.

5.3.6) Factors affecting results
A number of different factors can influence the data collected for this experiment. The fact
that after the shark scene, subjects are waiting in anticipation for the next shark, not knowing
what to expect, can have an impact on the resultant heart rates. If the subject is anxious about
seeing another shark, he / she can experience an increase in heart rate. Also, the fact that the
subjects can not interact in any way may have an impact on the enjoyment of the experience
and influence the way in which the questionnaires are answered.

5.4) Feedback
Some interesting comments are made and suggestions for future improvements include :
t

incorporating movement into the video - not currently possible unfortunately.

t

having the video edited by a professional to eliminate breaks in the video.

t

a Head Mounted Display with increased resolution, or a television screen for clearer
images.

t

increased variety of aquatic life

t

a reclining chair !

The general opinion is that the interactive demonstration is more exciting and fun to
participate in than just sitting watching a video and not being able to interact with the world.
The video is found to be relaxing, however.

5.5) Summary of results
The following table (Table 5.2) summarises the results obtained from the experiment.
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Factor

Increase / Decrease

Significance

1. Heart rate

Increase

Subjects are anxious about
seeing more sharks.

Decrease

Subjects still find the video a
relaxing experience.

2. Degree of immersion

Decrease

Subjects do not feel part of the
video and not in control.

3. Expectations before/after

Decrease

Some subjects find the video
somewhat disappointing, others
find it exciting.

4. Anxiety before/after

Increase

Subjects feel slightly more
stressed after watching the
video.

Table 5.2 : A summary of results obtained from the video

Chapter 6 : Comparison of the 2 experiments
6.1) Similarities
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The second experiment is developed out of the need to improve the first system and to obtain
more data surrounding the same issue of the effect of virtual reality on stress levels. Therefore
a number of similarities exist between the two experiments. In terms of software, the same
program is used for the second experiment as in the first experiment but with a few
modifications. The underwater worlds therefore have similar characteristics. The way in
which the experiments are conducted is similar for both experiments with the placement of
the heart monitor, the 15 second heart rate samples taken and the filling out of the
questionnaires.

The questionnaire used to gain information from the subjects is very similar to the first one,
also with a few minor modifications . This is done to assess the same variables that can be
used for later comparison. The equipment used to run the software and trackers is also the
same for both experiments.

6.2) Differences between the 2 experiments
The two experiments do, however, have a number of differences between them. These
include the nature of the second experiment, the video, additions to the second experiment,
the duration of the second experiment and the subjects.

6.2.1) Nature of the second experiment
The second experiment consists of two parts namely the demonstration of the underwater
virtual environment and the viewing of the video consisting of real video footage, not
computer graphics. The first experiment is simply a virtual experience of “swimming with
dolphins” in a virtual environment. Due to the fact that there are two components to be
completed for the second experiment, the order in which they are performed may have an
impact on the overall effect or enjoyment of the experience. This is, however, a topic of later
discussion. (See Chapter 7).

6.2.2) Additions to the demonstration
A number of features are added to the second demonstration to make it more real and exciting
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for the subjects. Appearance modifications include textures to the seabed, sea plants and
improvements to the water and waves. Movement is added to allow the subject more freedom
to be able to move around to where he / she wants to go. An option is also included to allow
the subject to catch onto a dolphin and be pulled around behind it for as long as he / she
desires. The general trend involving the sequence of actions performed is that subjects first
move their heads around to become orientated with the system. The majority then try out the
hand representation to see how they can manipulate it. They then try to move around by
themselves before catching onto a dolphin and letting it pull them around. There are a few
exceptions, however, who first catch onto dolphin and swim with it before trying out other
actions.

6.2.3) Duration of demonstration
The first experiment is conducted at an event that is mainly designed to please the masses of
individuals (mainly school children) who come to the Science Festival. For this reason, the
first experiment is only run for two minutes per subject. This is not enough time for a subject
to experience the full effects or capabilities of virtual reality. The second experiment is run
for five minutes per subject which seems to be enough time to be enjoyable without
becoming tedious or boring. Some subjects indicate a keenness to swim for longer but none
say that they get bored during the second demonstration whereas a few noted during the first
experiment that they get bored after a while.

6.2.4) The video
The video is part of the second experiment which is not present in the first experiment.
This is a valuable component as it gives some indication on how individuals feel about seeing
real video images but without being able to interact. Although relaxing, the subjects feel it
will be exciting to be able to interact with that environment and indicate a desire to do the
second demonstration in the video environment. A great thought, but not currently possible.

6.2.5) Subjects
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The subjects used for the second experiment are generally older than those who participate in
the first experiment. This is planned because a more comprehensive set of results is needed
for analysis and so a more controlled experiment is conducted. This is achieved by organising
subjects who fall into the 20 - 30 years old category and who are prepared to spend some time
(roughly 15 minutes) on the experiment.

6.3) Differences in results
Table 6.1 summarises the differences in the results obtained from the 2 experiments. From
this, a number of observations are made about the differences in results between the two
experiments.

6.3.1) Heart rate
Mean heart rate :

Demo I : Mean: 82.21

Video : Mean: 69.02

Demo II : Mean: 67.37

Change in heart rate :

Demo I :Mean : -0.09

Video : Mean : -0.77

Demo II : Mean : 0.20

The most interesting difference in results is the heart rate figures. The mean heart rate of
subjects for the two experiments show a large difference of 82.21 beats per minute for the
first experiment and an average of 68 beats per minute for the second experiment. This is
attributed to the fact that the majority of subjects are young school children who may have be
excited and have a corresponding elevated heart rate. When further analysis is conducted on
the data
from the first experiment to establish the significance of the difference in mean heart rates,
the following results emerge. It is found that with the first experiment, 23 subjects in the age
group 16 - 30 years old (the same as that of the subjects in the second experiment), the mean
heart rate is 79.87 beats per minute as opposed to 68.40 beats per minute in the second
experiment. There is therefore a significant difference between the two results. The increase
in
heart rate for the first experiment can be attributed to, amongst other things, the excitement
felt by subjects at the Science Festival. All participants feel excited at the prospect of
participating in an experiment and generally experience higher heart rates.
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Result

Sex

Range

Demo I

Video

Demo II

Male: 205

Male : 23

Male : 23

Female: 141

Female: 12

Female: 12

Missing : 9
Age

Mean : 17

Previous

No: 286

experience

Yes: 68

6-64
4

4

10-20

31

31

21-30

N/A

No: 11
Yes: 24

Missing : 1
Stress level

Mean : 3.6

Mean : 3.3

Mean : 3.5

1-5 (5=tot relaxed)

Expectations

Mean : 2.1

Mean : 2.2

Mean : 2.1

1-5 (1 = very excited)

Comfort

Means :

Means :

Means :

1-5 (1= comfortable)

HMD : 2.6

HMD : 2.7

HMD : 2.7

Seat : 2.4

Seat : 2.5

Seat : 2.4

Environ : 2.5

Environ : 2.4

Environ : 2.3

before

Ctrl dev : 2.7
Immersion

Mean : 3.4

Mean : 3.2

Mean : 2.7

1-5 (1 = totally imm)

Control

Mean : 2.9

Mean : 4.2

Mean : 2.8

1-5 (1=total control)

Stress level after

Mean : 3.8

Mean : 3.7

Mean : 3.8

1-5 (5 = tot relaxed)

Excitement

Mean : 2.8

Mean : 2.6

Mean : 2.0

1-5 (1 = exciting)

Repeat

No: 31

No : 0

No : 0

experience

Yes: 233

Yes: 35

Yes: 35

Mean: 69.02

Mean: 67.37

Missing : 91
Mean heart rate :

Mean: 82.21
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Mean : 0.20

change :
Table 6.1 : A summary of the differences in the results obtained

Subject’s attitude towards the experiment and the fact that many of them had to stand in long
queues before participating in the demonstration could also have an impact on the initial heart
rate being slightly elevated. Also, not being able to move around might give the subjects a
sense of not being in control and could become frustrating which could lead to an elevated
heart rate. In the second experiment however, subjects have control over their movement and
can relax and navigate around the virtual world.

The overall changes in heart rates shown in Table 3.1, Table 4.1 and Table 5.1 do not reflect
accurately the changes that actually occur throughout the demonstrations and the video. The
graphs (Figure 3.3 , Figure 4.3 and Figure 5.4) of the trends that occur throughout the
demonstration are far more significant and show greater amounts of change. The results do
show, however, that the greatest overall decrease in heart rate occurs during the
demonstration of the second experiment. This shows that this virtual experience does have a
calm and relaxing effect on the individuals.

6.3.2) Immersion
Demo I : Mean : 3.4

Video : Mean : 3.2

Demo II : Mean : 2.7

The difference in degrees of immersion felt by the subjects ranges from 2.7 to 3.4 with the
range being 1 = totally immersed to 5 being not at all immersed. The greatest degree of
immersion is therefore felt during the “swimming with dolphins part II” experience in the
second experiment. This shows that the changes made to make the demonstration look more
realistic and the ability to move and interact has an impact on the way the subjects feel
immersed in the demonstration.

6.3.3) Control
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Demo II : Mean : 2.8

The difference in degree of control felt by the subjects ranges from 4.2 for the video to 2.8 for
the second demonstration with the range being 1 = total control to 5 being no control at all.

The subjects react favourably to the amount of control they feel they had during the second
demonstration and feel that they do not have much control during the video. This is linked to
the immersion that the subject feels. If subjects feels in control, then they feel immersed in
the demonstration and vice versa. The fact that the greatest results are both obtained for the
second experiment indicates that it is a better presented demonstration and that subjects enjoy
the fact that they can do a bit of navigation themselves.

A factor that could possibly influence the degree of control felt by the individual is that of
previous experience of virtual reality. Only 19.2% of subjects from the first experiment have
been exposed to virtual reality before this experience whereas 68.6% of subjects in the second
experiment have had some form of exposure to virtual reality.

6.3.4) Excitement
Before Demo I : Mean : 2.1

Video : Mean : 2.2

Demo II : Mean : 2.1

Demo I : Mean : 2.8

Video : Mean : 2.6

Demo II : Mean : 2.0

After

Using a scale of 1 = very exciting to 5 = not at all exciting, the results indicate that the
subjects who participate in the first experiment feel that the demonstration is not as exciting
as they anticipate it to be. The same is true of the video with the level of anticipation being
2.2 beforehand and 2.6 after watching the video. The second demonstration of the second
experiment, however, yields a different result with the subjects finding the experience more
exciting than they had expected. All the subjects who do the second experiment indicate a
desire to repeat the experience whereas 31 of the 355 subjects from the first experiment
indicate that they do not wish to repeat the experience.
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6.3.5) Stress levels
Before Demo I : Mean : 3.6

Video : Mean : 3.3

Demo II : Mean : 3.5

After Demo I : Mean : 3.8

Video : Mean : 3.7

Demo II : Mean : 3.8

The result of the analysis of stress levels before and afterwards, with a range of 1 = very

stressed to 5 = totally relaxed, shows that all three experiences have a relaxing effect on the
majority of subjects. The levels of stress felt by the subjects after the experience decreases
for both the demonstrations and the video. The demonstrations seem to have the most
relaxing effect on subjects although some indicate that the video is more relaxing. Music is
noted as being an important factor in the experiment, a comment made by many of the
subjects.

6.4) Summary of results
Table 6.2 summarises the differences in results obtained from the experiments.

Factor

Significance
Demo I

1. Heart rate

Video

Demo II

Increased heart rate

Decreased heart rate

Decreased heart rate

due to excitement

due relaxing nature

due to relaxation

and age of subjects.

of the dolphins.

experienced during
demonstration.

2. Immersion

3. Expectations

Subjects do not feel

Subjects do not feel

Subjects feel

particularly

immersed as no

immersed due to

immersed as no

interaction or

interaction and

movement allowed.

control possible.

movement allowed.

Decrease in

Decrease in

Exciting

excitement due to

excitement due to

demonstration as

lack of movement.

lack of interaction.

subjects can explore
and interact.
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Subjects feel less

Although relaxing,

Subjects are able to

stress after doing the

some subjects feel

relax and less stress

demonstration.

anxious about the

felt after the

shark.

demonstration

Table 6.2 : A summary of results obtained from the video

Chapter 7 : Virtually Reality
7.1) Virtual reality
Virtual reality is something that the average lay man does not have much exposure to and it is
interesting to see individuals’ reactions to these experiments. Besides games and fun rides
which individuals participate in, virtual reality is not something each individual has easy
access to. Many individuals have the right idea about what virtual reality is, but have very
warped expectations of what virtual reality can provide in terms of graphics, for example.
Many of them expect video footage and to have surround sound and vision and become
totally part of the world. Many subjects comment on the fact that the virtual reality they had
in mind is totally different to what they experience and one individual even asked if the
equipment is faulty as he does not feel like he is swimming and that he is just watching a
screen!

Virtual reality is precisely that - virtual. If it were reality there would be no need to simulate it
using fancy, expensive equipment. It is meant to be a representation of an environment such
as this swimming with dolphins experience which is not always accessible to the man on the
street. For curing phobias it is the perfect way to provide a way to interact with elements in a
world where there is no threat of harm. The individuals can face their phobias knowing that
no harm will come to them and they can stop at any time if they feel nervous. Patients are
often reluctant / frightened to face their fears but the concept of virtual reality is intriguing so
they are prepared to try and are fascinated by the virtual world.

Virtual reality is also a way to provide a controlled environment where variables can be
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controlled in such a way so as not to provide any threat to the individual undergoing the
treatment. If an individual is trying to cure a phobia of dogs, for example, it is not always
possible in reality to ensure that a dog will not at some stage jump up at the individual and
scare them to death. This could increase their phobia, not decrease it whereas in virtual
reality, with the use of data gloves and other sophisticated equipment a “virtually real”
experience can be simulated where there is no threat of danger to the individual. Also, for
entertainment purposes, an individual may be too afraid to go on a real roller coaster ride
whereas the
thought of a simulated computer ride may perhaps be more appealing.

7.2) Problems with virtual reality
Although the effects of virtual can be incredibly useful, there are some related problems. As
Hunter Hoffman, a researcher at the HIT in Washington explains [16] the link between the
physical and imaginary is one of the most important aspects of treating individuals using
virtual reality. One has to make sure that the image used (the spider in his case) translates into
real fear or it is a waste of time. In the case of the dolphins, they have to look realistic for the
subjects to be able to feel immersed in the environment of the dolphins. For some individuals,
however, presence is an issue and no matter how realistic the graphics look, they will never
be convinced otherwise.

It is noted that users reportedly suffer from “binocular dysphoria” (problems in depth
perception) after a virtual reality session and that the equipment used for virtual reality is
somewhat cumbersome [4]. Similar complaints are noted with the dolphin experiences. Many
subjects note that their eyes start becoming unfocussed or they start seeing blurred images
towards the end of the experiment which could be a potential problem when using virtual
reality equipment. Many of the female subjects comment on the fact that the Head Mounted
Display is heavy and not as comfortable as they had hoped.

7.3) Order of events
The experiments conducted produce some interesting results with the majority of subjects
indicating that the experiences are relaxing and that they feel it is an exciting experience
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which they wish to repeat in the future. Mention must be made, however, of the fact that
some of the subjects are first exposed to the video before doing the demonstration and others
do the demonstration first and then watch the video. This could have a significant impact on
the results. The subjects who first do the demonstration and then watch the video say that the
video is more relaxing in that they do not have to do anything physically like they do in the
demonstration. The subjects who watch the video first and then do the demonstration say that
the video is relaxing but that the demonstration is far more interesting and fun to participate
in. The way in which the questions were answered are therefore dependent on the order in
which the subjects do the demonstration and watch the video.

Figure 7.1 and Figure 7.2 show the responses to the demonstration and video questionnaires
for the 2 sample groups A and B respectively.
Group A : the subjects who first do the demonstration and then the video
Group B : the subjects who watch the video and then do the demonstration
Question :
Level of stress before

Mean for Group A :

Mean for Group B :

3.3

3.8

2.3

2.0

HMD

2.6

2.9

Seating

2.5

2.4

Environment

2.4

2.3

Control devices

2.8

2.5

2.8

2.6

2.8

2.7

1.9

2.0

(1= tense ; 5 = relaxed)
Excitement before
(1=excited; 5=not excited)
Comfort : (1=comfy; 5=not
comfy)

Immersion
(1=tot imm; 5=not imm)
Control: own movement
(1=tot contr ; 5=no contr)
Control: direction of gaze
(1=tot contr ; 5=no contr)
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2.9

2.8

3.7

4.1

1.9

2.0

65.65

69.66

(1=tot contr ; 5=no contr)
Level of stress after
(1=tense; 5=relaxed)
Excitement after
(1=exciting; 5=not exciting)
Mean heart rate (bpm)

Change in heart rate
-2.25
3.47
Figure 7.1 : Means of answers for the demonstration questionnaire

The subjects in group A who first do the demonstration and then watch the video experience
an increase in heart rate of 2.25 beats per minute while doing the demonstration. Those in
group B that do the demonstration after having first watched the video experience an overall
decrease in heart rate of 3.47 beats per minute. Subjects in group B are more excited before
the demonstration than those in group A which could indicate that because they have already
been exposed to the video, they anticipate something new and exciting in the form of the
demonstration.

The following table (Figure 7.2) shows that subjects in group A experience a lower heart rate
than those in group B. This can be attributed to the fact that the subjects in group A have
already done the demonstration and are feeling more relaxed than those subjects who first
watch the video without doing any form of relaxation before hand. Subjects in group A rate
their level of anxiety before watching the video as being lower than those in group B for the
same reason, they have already had some form of relaxation in terms of the demonstration.

A factor not mentioned or measured in the experience but which could influence the
individual’s experience of virtual reality is mood. If an individual is not particularly interested
in the experiment or is preoccupied with other thoughts or problems, he / she may not be able
to appreciate the full effects of virtual reality.

7.4) General observations
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General observations include issues such as the fact that some subjects would love to have
done the second demonstration “swimming with dolphins part II” in the scenery of the video.
This is obviously desirable to make the experience more “real” but unfortunately not possible
yet. Some subjects feel that they are actually swimming with dolphins and some say that the
water makes them feel cool. Others indicate that the experience makes them dizzy and that
they feel disoriented when the Head Mounted Display is removed.

Question :
Level of stress before

Mean for Group A :

Mean for Group B :

3.5

3.2

2.3

2.1

HMD

2.6

2.9

Seating

2.6

2.4

Environment

2.5

2.3

3.2

3.2

4.6

3.7

4.5

3.9

4.7

4.3

3.8

3.7

2.7

2.4

(1= tense ; 5 = relaxed)
Excitement before
(1=excited; 5=not excited)
Comfort : (1=comfy; 5=not
comfy)

Immersion
(1=tot imm; 5=not imm)
Control: own movement
(1=tot contr ; 5=no contr)
Control: direction of gaze
(1=tot contr ; 5=no contr)
Control: environ’s response
(1=tot contr ; 5=no contr)
Level of stress after
(1=tense; 5=relaxed)
Excitement after
(1=exciting; 5=not exciting)

The Use of Virtual Reality in the Reduction of Stress

Mean heart rate (bpm)

Page 54.

66.90

71.85

Change in heart rate
-2.95
2.13
Figure 7.2 : Means of answers for the video questionnaire

7.5) A critique of the setup of the second experiment
A problem that may have an effect on the results of the second experiment is the
electromagnetic fields involved in the experiment. The heart watches pick up electromagnetic
signals from the heart monitor that is strapped onto the individual. The heart watch needs to
be within a metre of the heart monitor to pick up a signal. The trackers used to pick up
motion

from the Head Mounted Display and motion controls are also run on electromagnetic signals
picked up from an electromagnetic field. The trackers also have to be within a metre of the
electromagnetic field to function and pick up movement. There is therefore a great amount of
electromagnetism in the kennel which could affect the signals picked up on the heart watches.
When the heart watches are brought into the electromagnetic field of the trackers, the heart
watches register in the region of 240 beats per minute which is impossible for a human being.
Because of this, the positioning of the subject relative to the electromagnetic field for the
trackers and the positioning of the demonstrator conducting the experiment involves some
careful planning. The demonstrator has to be out of the electromagnetic field of the trackers
but within one metre of the subject to measure heart rate. The subject on the other hand has to
be within a metre of the electromagnetic field for the trackers to be able to move. Although, if
anything, the heart rate should be elevated, this may have impacted on the results.

7.6) Summary of results
Figure 7.3 summarises the results obtained from a comparison of the 2 subject groups,
namely Group A : the subjects who first do the demonstration and then the video and
Group B : the subjects who watch the video and then do the demonstration.

Factor

Significance
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Heart rate decreases irrespective of the order in which subjects view
the demonstration and video. Both encourage relaxation.

2. Immersion

Both groups feel more immersed in the demonstration than in the
video regardless of order. Immersion therefore requires interaction
and control to be effective and realistic.

3. Expectations

Both groups find the demonstration exciting but are disappointed
after viewing the video due to lack of interaction.

4. Anxiety

Both groups experience less stress after watching the video and the
demonstration irrespective of the order in which they are viewed.
Group B find the demonstration especially relaxing.
Figure 7.3 : A summary of the comparison of the 2 sample groups

Chapter 8 : Conclusion
Dolphin therapy combined with the useful techniques of virtual reality is a powerful tool in
relieving stress. Dolphin therapy has been used in a variety of different fields to cure
disorders such as anorexia, helping in the cure of cancer patients and helping physically and
mentally handicapped children. Because of constraints such as impracticality and the cost
associated with live dolphin therapy, the idea of virtual dolphins is suggested as a means of
exposing individuals to dolphins and allowing them to experience their relaxing nature. By
exposing stressed subjects to a simulated underwater world and allowing them to swim and
interact with virtual dolphins, the subjects should theoretically be able to relax. This is found
to be true and subjects find swimming with the virtual dolphins a highly stimulating yet
relaxing experience.

A number of experiments were carried out to assess the role played by virtual reality in the
reduction of stress. It is found that heart rate can be manipulated through virtual reality and a
reduction in heart rate is possible. The results show that the hypothesis that virtual dolphins
can be used to relieve stress is therefore seen to be valid. Virtual dolphins do have an impact
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on individuals and are perceived as real dolphins which can help individuals to relax. It is
concluded therefore that virtual dolphins, together with a realistic looking underwater
environment create the effect of actually swimming with real dolphins. Factors such as age,
the degree of control, immersion and excitement are found to play a part in the experience as
a whole with control influencing the degree of immersion and consequent excitement
experienced by the subject. The greater the degree of control, the more immersion is felt by
the subject and the greater the excitement of the experience felt by the individual. The healing
nature of dolphins combined with the interactive nature of virtual reality helps individuals to
relieve stress .

Table 8.1 summarises the conclusions drawn from the 2 experiments.

Conclusion
Factor

Demo I

Video

Demo II

Age

Excited school

Adults participate

Mostly adults who

children participate

and have more of an

find the experience

in the experiment.

idea about VR.

relaxing.

Previous experience

Not much previous

of Virtual Reality

exposure to true VR

Majority have some
N/A

applications.

previous exposure to
VR.

Stress levels before

Generally relaxed

Subjects more

More relaxed after

vs stress levels after

before, more relaxed

relaxed after video,

demonstration,

after. VR is thus a

therefore the

therefore VR can be

useful technique for

dolphins have a

used in reducing

reducing stress.

relaxing effect.

stress levels.
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Expectations before

Exciting but realism

Disappointment

Exciting, therefore

vs expectations after

and movement are 2

after video, therefore interaction enables

essential

the interactive

exciting, stimulating

components in VR.

element in VR is

experience.

essential.
Comfort of

Subjects find the

Subjects are

Subjects find the

peripherals : HMD,

peripherals

comfortable in the

control devices

Seating,

acceptably

environment but

intuitive to use and

Environment,

comfortable.

would like a

the environment

reclining chair

very

Control devices

comfortable.
Degree of

Without movement

No interaction

More realism and

Immersion

and realism, subjects

possible, therefore

movement

do not feel totally

no immersion felt.

encourages greater

Control

immersed in

degree of

demonstration.

immersion.

Subjects do not

Without immersion,

The greater the

understand the

subjects do not feel

degree of

concept of control.

in control.

immersion, the more
control.

Repeat experience

Subjects find the

Subjects find video

Subjects wish to

experience

relaxing and wish to

repeat experience in

worthwhile and wish

repeat experience.

the environment of

to repeat it.
Heart rate

the video.

Subjects experience

Dolphins have a

Virtual dolphins

a decrease in heart

relaxing effect on

allow individuals to

rate, therefore VR

humans as subjects

relax and subjects

can be used as a

relax during the

experience a

technique to reduce

demonstration.

reduction in heart

stress.

rate.
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Table 8.1 : Conclusions drawn from the 2 experiments.

8.1) Future Work
A number of suggestions made throughout the duration of the first experiment lead to further
improvements to the system. Suggestions from the second experiment will be used in future
work on the system. Many subjects’ indication that their eyes were affected by the
demonstration is something that needs further investigation - the harmful effects or side
effects
of virtual reality that may have the potential to inhibit any good that may come from virtual
reality [8]. Other possible future extensions could include a look into the other factors which
play a role in the experiences such as music to see the extent to which virtual reality is
relaxing the individual and what effect the music has on the experience.

Extensions to the actual demonstration possibly include the addition of more marine life
which is a suggestion made by a few of the subjects although this experiment looked
specifically at using dolphins. Synchronised dolphin sounds are a possibility which will make
the experience more realistic. Also, the inclusion of some sort of hand sensor like the toy
spider in SpiderWorld will provide a more realistic effect when the individual reaches out to
touch a
dolphin. The use of video footage in virtual reality systems is also a topic of future research.
All of these suggestions can be included to make a more realistic system which will
encourage hours of endless stress relief.
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Appendices
Appendix A :
Virtual Reality Questionnaire
Atlantis demo
The purpose of this questionnaire is to gain a greater understanding of the experience of the
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user during this experiment. The data will be analysed according to a number of different
variables to establish whether or not the virtual encounter with dolphins has any effect on the
stress levels of the individual. Please answer the following questions as accurately as possible
: (Please tick where appropriate)
Name : ............................................................

Age :.....................

Sex :
Male
Female
Number : ......................
(For official use only)
Question 1 : Have you ever experienced virtual reality before?
Yes
No
If Yes, please list these experiences
................................................................................................................
................................................................................................................
...............................................................................................................
Question 1.1 : Have you ever experienced this demo before?
Yes
No

If Yes, how many times
.....................

Question 2 : What level of anxiety are you feeling now before the experiment?
1.
2.
3.
4.
5.

Very tense
Tense
Indifferent
Relaxed
Totally relaxed

Question 2.1 : If you are anxious regarding the experiment, please say why.
..............................................................................................................
................................................................................................................
Question 3 : What are your expectations of this experience?
1. Very excited
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Excited
Indifferent
Not particularly excited
Not at all excited

You are now going to do the demonstration and complete the next section afterwards
Question 4 : In your own words, please give a brief description of your experience during the
demonstration.
................................................................................................................
................................................................................................................
................................................................................................................
Question 5 : How comfortable did you feel during the demonstration with regards to the
following variables?
5.1 Head Mounted Display
1. Extremely comfortable
2. Very comfortable
3. Comfortable
4. Not comfortable
5. Extremely uncomfortable
5.2 Seating arrangements
1. Extremely comfortable
2. Very comfortable
3. Comfortable
4. Not comfortable
5. Extremely uncomfortable

5.3 Environment (noise from passers by, surrounding curtain etc.)
1. Extremely comfortable
2. Very comfortable
3. Comfortable
4. Not comfortable
5. Extremely uncomfortable

Question 6 : How “real” was the experience for you ie. did you feel part of the virtual
world?
1. Totally immersed in the demonstration
2. Felt very real

The Use of Virtual Reality in the Reduction of Stress

Page 65.

3. Moderately real
4. Not very real
5. Could not become immersed in the demonstration
Question 7.1 : How much control did you feel you had throughout the demonstration
1. Total control
2. Lots of control
3. Moderate amount of control
4. Not much control
5. No control at all
Question 8 : Please rate your level of anxiety now
1.
2.
3.
4.
5.

Very tense
Tense
Indifferent
Relaxed
Totally relaxed

Question 9 : Please rate the excitement of the experience.
1.
2.
3.
4.
5.

Very exciting
Exciting
Indifferent
Not particularly exciting
Not at all exciting

Question 10 : Please could you give a general comment about the experience as a whole.
................................................................................................................
................................................................................................................
................................................................................................................
Question 11 : Could you suggest any possible ideas / improvements for future development?
................................................................................................................
................................................................................................................
................................................................................................................
Question 12 : Would you do this again in the future if the opportunity arose?
Yes
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No
Thank you for taking the time to complete this questionnaire.

For official use only :
Reference Heart Rate : ....................

Anticipated Heart Rate : ....................

15 secs ...............

30 secs ..............

45 secs ................

60 secs ....................

75 secs ...............

90 secs ...............

105 secs .............
135 secs .............
165 secs ...........
_
X = ......................

120 secs ....................
150 secs .............
180 secs ....................

Change = .............................

Appendix B :
Virtual Reality Questionnaire
New Atlantis demo
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The purpose of this questionnaire is to gain a greater understanding of the experience of the
user during this experiment. The data will be analysed according to a number of different
variables to establish whether or not the virtual encounter with dolphins has any effect on the
stress levels of the individual. Please answer the following questions as accurately as possible
: (Please tick where appropriate)
Name : ............................................................
Age :
10-20
21-30
31-40
41- 50
51 - 60
60 and above

Number :.....................
(For official use only)
Sex : Male
Female

Question 0 : Have you ever experienced virtual reality before?
Yes
No
If Yes, please list these experiences
................................................................................................................
................................................................................................................
...............................................................................................................
Question 0.1 : Have you ever experienced this demo before?
Yes
No

If Yes, how many times
.....................

Question 0.2 : What do you expect from a virtual reality system?
1. Head Mounted Display
2. Moving platforms
3. Data gloves
4. Position tracking
5. Three dimensional images
6. Ability to interact with an imaginary world
Question 1 : What level of stress are you feeling now before the experiment?
1. Very tense
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Tense
Indifferent
Relaxed
Totally relaxed

Question 2.1 : If you are anxious regarding the experiment, please say why.
..............................................................................................................
................................................................................................................
Question 3 : What level of anticipation do you feel towards this experience?
1.
2.
3.
4.
5.

Very excited
Excited
Indifferent
Not particularly excited
Not at all excited

You are now going to do the demonstration and complete the next section afterwards
Question 4 : In your own words, please give a brief description of your experience during the
demonstration.
................................................................................................................
................................................................................................................
................................................................................................................
Question 5 : How comfortable did you feel during the demonstration with regards to the
following factors?
5.1 Head Mounted Display
1. Extremely comfortable
2. Very comfortable
3. Comfortable
4. Not comfortable
5. Extremely uncomfortable
5.2 Seating / Suspension arrangements
1. Extremely comfortable
2. Very comfortable
3. Comfortable
4. Not comfortable
5. Extremely uncomfortable

5.3 Environment (kennel, darkness etc.)
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Extremely comfortable
Very comfortable
Comfortable
Not comfortable
Extremely uncomfortable

5.4 Control devices
1. Extremely intuitive to use
2. Very intuitive to use
3. Intuitive to use
4. Not very intuitive to use
5. Extremely unintuitive to use

Question 6 : How “real” was the experience for you ie. did you feel part of the virtual
world?
1. Totally immersed in the demonstration
2. Felt very real
3. Moderately real
4. Not very real
5. Could not become immersed in the demonstration
Question 7.1 : How much control over your own movement did you feel you had.
1. Total control
2. Lots of control
3. Moderate amount of control
4. Not much control
5. No control at all
Question 7.2 : How much control did you have with regards to your direction of gaze in the
virtual world.
1. Total control
2. Lots of control
3. Moderate amount of control
4. Not much control
5. No control at all
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Question 7.3 : How much control did you have concerning the environment’s response
to your actions.
1. Total control
2. Lots of control
3. Moderate amount of control
4. Not much control
5. No control at all
Question 8 : Please rate your level of stress now
1.
2.
3.
4.
5.

Very tense
Tense
Indifferent
Relaxed
Totally relaxed

Question 9 : Please rate the excitement of the experience.
1.
2.
3.
4.
5.

Very exciting
Exciting
Indifferent
Not particularly exciting
Not at all exciting

Question 10 : Please could you give a general comment about the experience as a whole.
................................................................................................................
................................................................................................................
................................................................................................................
Question 11 : Could you suggest any possible ideas / improvements for future development?
................................................................................................................
................................................................................................................
................................................................................................................
Question 12 : Would you do this again in the future if the opportunity arose?
Yes
No
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Thank you for taking the time to complete this questionnaire.

For official use only :

Reference Heart Rate : ....................

Anticipated Heart Rate : ....................

15 secs ...............

30 secs ..............

45 secs ................

60 secs ....................

75 secs ...............

90 secs ...............

105 secs .............
135 secs .............
165 secs ...........
195 secs .............
225 secs ............
255 secs .............
285 secs ............
_
X = ......................

120 secs ....................
150 secs .............
180 secs ....................
210 secs .............
240 secs .....................
270 secs .............
300 secs .....................

Change = .............................
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Appendix C :
Virtual Reality Questionnaire
The Big Blue Willy Flipper
The purpose of this questionnaire is to gain a greater understanding of the experience of the
user while watching this video. Please answer the following questions as accurately as
possible : (Please tick where appropriate)
Name : ............................................................
Age :
10-20
21-30
31-40
41- 50
51 - 60
60 and above

Number :.....................
(For official use only)
Sex : Male
Female

Question 1 : What level of stress are you feeling now before the experiment?
1.
2.
3.
4.
5.

Very tense
Tense
Indifferent
Relaxed
Totally relaxed

Question 2 : If you are anxious regarding the experiment, please say why.
..............................................................................................................
................................................................................................................
Question 3 : What level of anticipation do you feel towards this experience?
1.
2.
3.
4.
5.

Very excited
Excited
Indifferent
Not particularly excited
Not at all excited
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You are now going to do the demonstration and complete the next section afterwards
Question 4 : In your own words, please give a brief description of your experience during the
demonstration.
................................................................................................................
................................................................................................................
................................................................................................................
Question 5 : How comfortable did you feel during the demonstration with regards to the
following factors?
5.1 Head Mounted Display
1. Extremely comfortable
2. Very comfortable
3. Comfortable
4. Not comfortable
5. Extremely uncomfortable
5.2 Seating / Suspension arrangements
1. Extremely comfortable
2. Very comfortable
3. Comfortable
4. Not comfortable
5. Extremely uncomfortable

5.3 Environment (kennel, darkness etc.)
1. Extremely comfortable
2. Very comfortable
3. Comfortable
4. Not comfortable
5. Extremely uncomfortable

Question 6 : How “real” was the experience for you ie. did you feel part of the virtual
world?
1. Totally immersed in the demonstration
2. Felt very real
3. Moderately real
4. Not very real
5. Could not become immersed in the demonstration
Question 7.1 : How much control over your own movement did you feel you had.
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1. Total control
2. Lots of control
3. Moderate amount of control
4. Not much control
5. No control at all
Question 7.2 : How much control did you have with regards to your direction of gaze in the
virtual world?
1. Total control
2. Lots of control
3. Moderate amount of control
4. Not much control
5. No control at all
Question 7.3 : How much control did you have concerning the environment’s response to
your actions?
1. Total control
2. Lots of control
3. Moderate amount of control
4. Not much control
5. No control at all
Question 8 : Please rate your level of stress now
1.
2.
3.
4.
5.

Very tense
Tense
Indifferent
Relaxed
Totally relaxed

Question 9 : Please rate the excitement of the experience.
1.
2.
3.
4.
5.

Very exciting
Exciting
Indifferent
Not particularly exciting
Not at all exciting
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Question 10 : Please could you give a general comment about the experience as a whole.
................................................................................................................
................................................................................................................
................................................................................................................
................................................................................................................
Question 11 : Could you suggest any possible ideas / improvements for future development?
................................................................................................................
................................................................................................................
................................................................................................................
Question 12 : Would you do this again in the future if the opportunity arose?
Yes
No
Thank you for taking the time to complete this questionnaire.
For official use only :
Reference Heart Rate : ....................

Anticipated Heart Rate : ....................

15 secs ...............

30 secs ..............

45 secs ................

60 secs ....................

75 secs ...............

90 secs ...............

105 secs .............

120 secs ....................

135 secs .............

150 secs .............

165 secs ...........

180 secs ....................

195 secs .............

210 secs .............

225 secs ............

240 secs .....................

255 secs .............

270 secs .............

315 secs .............

330 secs .............

345 secs .............

360 secs ...................

375 secs .............

390 secs .............

405 secs ............

420 secs ...................

435 secs ............
450 secs .............
_
X = .....................

465 secs .............

480 secs ...................

285 secs ............

300 secs .....................

Change = ....................................
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