Stress Reduction through Computer Games utilizing
EDR

Sue Saunders, Fred Cummins, Gary Mc Darby, Daragh Mc Donnell

Department of Computer Science and Informatics
University College Dublin
Vyro Games Ltd

Abstract. This study explores the efficacy of computer games that are designed
to reduce stress. The three games studied (Vyro Games) use changes in
electrodermal response (EDR) to regulate game progress. We first ascertained
that the EDR measurement was stable and reliable across subjects. Subjects
then completed a series of tasks, and game completion time in one game (Relax
and Race) was used to evaluate both rises in stress levels (after playing Tetris),
and reduction in stress level (after playing two other EDR-based games). One
of the two EDR-based games (The Loom) was found to be effective in lowering
stress. Results for the other (Storm Chaser) were inconclusive. Small numbers
of participants limit the present study, but it suggests that EDR-based game
control may be effective in both monitoring stress levels, and as an active
intervention to lower stress.
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1 Stress and the use of Biofeedback

1.1  The Stress Response

The term ‘stress’, as it is currently used, was first coined by Hans Selye 'l who
defined it as ‘the non-specific response of the body to any demand for change’. Stress
is experienced when an individual undergoes change which results in having too
many or too few challenges in life i.e. not enough or too many demands (emphasis
supplied). ¥ In a world characterised by rising unemployment and budget cuts,
growing numbers of individuals are now experiencing increased stress due to
unemployment, or due to increased demands and insecurity.

Against this background, physical and psychological problems associated with stress
are increasing [*!. Psychological health problems lead to physiological changes in the
body, resulting not only in illnesses such as hypertension and coronary heart disease,
backache, headaches, but also in psychological problems such as anxiety disorders,



2 Sue Saunders, Fred Cummins, Gary Mc Darby, Daragh Mc Donnell

anger and depression.[*» 1 These problems are an important health and social issue
and the cost to health services of managing stress-related illness is considerable. (61 [7]

In this study we examine the use of computer game technology as an aid to stress
reduction. Stress-reduction techniques are not generally taught in our educational
institutions, and as a consequence, stress reduction skills are determined arbitrarily.
Often it is only as a result of physical or psychological problems that attention is
focused on strategies for lowering stress levels.

Lifestyle and environmental issues, along with the individual’s inability to manage
anxiety, are the main causes of stress. Any perceived threat activates the ‘fight or
flight” system in the body, and the consequent increase in adrenaline and cortisol
secretion cause the physical symptoms of heart racing, sweating, dry mouth and so
on. 1 These automatic reactions are controlled by the Autonomic Nervous System
(ANS). The ANS is divided into two subsystems - the sympathetic nervous system
(SNS) and the parasympathetic nervous system (PNS).

The SNS is responsible for the excitation of the ANS. The PNS is complementary,
serving to relax the ANS.P! If we consider the SNS as ‘fight or flight’, then the PNS
may be regarded as ‘rest and digest’. This ‘rest and digest’ response promotes
calming of the nerves, coupled with a return to regular function. The SNS and PNS
work together to maintain homeostasis, a dynamic equilibrium in which continuous
changes occur, yet relatively uniform conditions prevail. [

Short-term relaxation strategies can prevent the build-up of stress to unmanageable
levels. These strategies, outlined by Lichstein, [!!'! are variations of meditative
practices, and they include techniques such as autogenic relaxation, progressive
relaxation and meditation. The difficulty with these strategies is that they are time-
consuming and they require the individual to be aware of their own stress levels, and
this often occurs only after stress has built up to a high level.

A method of becoming aware of unconscious bodily processes such as stress is
biofeedback. ['?! It has been used since the 1960s and has been shown to be effective
in gaining control in these circumstances."*! Biofeedback makes the invisible visible
through using instruments to measure and amplify feedback on physiological
information. The primary goal of biofeedback is psycho physiological self regulation,
the process of learning and employing emotional, mental, and physiological skills and
strategies to attain self-regulation of internal autonomic states. The feedback of
information facilitates this learning, as with any acquired skill.[']

In itself, the monitoring of bodily responses does not assist an individual. However, it
can increase the awareness of the level of arousal of the ANS and this awareness can
create valuable insights, allowing more control of bodily functions. It has been found
to be very effective in assisting individuals with certain problems.!'” Biofeedback
technology has been shown to be effective in many disorders such as irritable bowel
syndrome or incontinence.!'*! Stress reduction through biofeedback has also been
shown to be effective with business managers.!'®



Stress Reduction through Computer Games utilizing EDR 3

A recent technological development has been ‘Affective Computing’, a term coined
by Rosalind Picard.!'” She describes ‘affective computing’ as: ‘computing that relates
to, arises from, or deliberately influences emotion or other affective phenomena’.!'®]
Picard’s research investigates areas of human computer interaction (HCI) and she has
developed novel ways for individuals to monitor and communicate affective (i.e.
emotional) cognitive states. One of the methods used by Picard’s research is
biofeedback through electrodermal response (EDR).

An EDR machine is a device that measures sweat gland activity and calculates the
electrical resistance across the skin, which is then used to monitor increases in ANS
arousal. The changes are caused by the activity of the individual’s sweat glands. The
triggering of the SNS (stress response) increases the stimuli to the sweat glands and
lowers the skin’s resistance accordingly.[!) 20 2111221 Qo a5 the individual relaxes,
their skin will become dryer and the skin’s electrical resistance will increase.**!

Conversely, as stress levels increase the skin sweats and the resistance decreases.!'”
[24]

1.2  Study Rationale

Motivated by these recent advances and an interest in the benefits of stress reduction,
it was decided to investigate the effectiveness of biofeedback through the
measurement of EDR for stress reduction. It was also decided that an accessible
medium be used.

Focus was confined to biofeedback through gaming. The games selected were
developed by Vyro Games: ‘Relax and Race’ and ‘Storm Chaser’, both for use on
mobile phone, and ‘The Loom’, a PC based game. The advantage of using mobile
technology for this purpose is its very accessibility as it is a more popular medium
than PCs worldwide; they are cheaper than PCs, and are also more numerous and
more widely used.

Providing biofeedback to mobile phone technology and incorporating gaming and
visual display was thought to promote a more engaging experience for the user, thus
increasing the likelihood that the application would be used more often.

An initial exploration by interested individuals gave positive results and the practical
application and benefit of such games was readily identified and added to the
motivation for the study. A further motivation for this study was the accessibility of
these games to children, who again responded favourably and enthusiastically. This
was deemed significant as children represent a cohort of the population particularly
difficult to treat with other stress reduction techniques.

2 Method

A number of games which use biofeedback as input have been developed by Vyro
Games. The purpose of these games is stress reduction.?’! The biofeedback data is
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gathered through EDR by using a PIP (personal input pod. See Figure 1a). This is
then transmitted to a mobile phone using Bluetooth technology.

Fig. 1.. (a) PIP (Personal Input Pod), (b) Relax and Race, (c) Storm Chaser and (d) The Loom

‘Relax and Race’ ! is a competitive racing game in which the player is represented
by a small green dragon. The dragon has three modes (walk, run and fly), with each
mode being faster than the preceding one. As the player relaxes, the dragon
progresses through a series of movements: walking, running and finally flying.
Should the player become stressed, the dragon will slow down. Therefore, the player
who relaxes most wins the race. In the single-player version, the player competes
against a ‘ghost dragon’ representing his most recent best score so that he can
‘compete against himself” and improve his relaxation over time. Winning the race
provides a motivating reward for achieving a relaxed state. Competitive games are
associated with stress, so the player learns how to override this tendency.

‘Storm Chaser’ is a single-player game which commences with a visual scene of a
small house in a violent storm. The objective of the game is to ‘calm the storm’. This
is achieved via learning to relax and use of PIP. As the player relaxes, the storm calms
through four stages, until finally the house is in sunshine and birds are singing.

‘The Loom’ is similar to Storm Chaser, and is currently run on a PC. The game
begins with an image of a frozen snow covered scene. As the user relaxes, the snow
and ice in the image begin to melt; the scene then moves through spring and summer
until, finally, it becomes a sun drenched rustic scene.

2.1 Stability

As stated above, the three selected games have different designs. Relax and Race
includes a competitive element and is timed. It completes within two minutes as this
is the maximum time the dragon takes to complete the track. The dragon slows down
if the player is stressed, but does not stop or go into reverse. Storm Chaser operates
differently: if the player relaxes the storm will abate, whereas if the player initially
relaxes and then becomes stressed the storm begins to build up again, and the player
may revert back to the starting position. It can be completed within two minutes, but
can also take considerably longer. The Loom takes longer to play, (minimum
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approximately 8 minutes) and although it doesn’t reverse if the player gets stressed, it
can stop at a point and not progress and as a result playing times is increased.

Based on the game’s structure it was decided that for the purposes of the experiment
Relax and Race would be used as a measure and Storm Chaser and The Loom would
be used as interventions.

2.2 Pre Experiment Stability Tests

An initial test was carried out to establish the stability and reliability of Relax and
Race. This was conducted with 4 individuals over 10 consecutive days. Each subject
used the games daily on waking in order to approximate as similar circumstances as
possible i.e. same time of day, same mood etc. The daily game time results were
recorded and when analysed stability was established.

The variance per subject ranged from 2.2 to 5.8, whereas the variance across all
samples was 11.7. The variance across subjects for a given day ranged from 8.5 to
29.6. Clearly, it is evident that Relax and Race is a stable measure for a subject and it
continued to accurately measure the difference across subjects.
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Fig. 2. Relax and Race Stability Test

2.3 Experiment Design

Thirty adult volunteers interested in stress reduction participated in the study (16
male, 14 female, ages 18-60). Each individual participated in a 30 minute trial. The
questionnaire and health form was used to determine the experience of the
participants of playing computer and mobile phone games and to determine if there
were any underlying heart problems which would exclude them from undergoing the
test. The GAD 7 (Generalised Anxiety Disorder) 27 form was selected to measure the
current state of anxiety or stress experienced by the participant.

The apparatus involved was a sphygmomanometer to measure blood pressure and
pulse rate, a PIP (Personal Input Pod) for use with Vyro games, a laptop and a mobile
phone both with Vyro game software installed.
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The data collected for each participant was blood pressure, pulse rate, GAD 7 form
and health and experience questionnaire. The popular computer game ‘Tetris” was
used as a potential stressor, Relax and Race was used a measurement, and Storm
Chaser and The Loom were used as interventions. A cognitively stimulating task of a
maze puzzle was used as a control.

The participants were asked to complete all forms and blood pressure and pulse
readings were taken. When it was confirmed that there were no excluding factors,
each participant played Relax and Race (R&R1) and the time was recorded. They
then played Tetris for 2 minutes followed by another Relax and Race (R&R2) game.
The participants were then divided into three random groups as follows:

e Group A: n=10 Mobile Phone Game ‘Storm Chaser’ (approx duration 2 minutes)
e Group B: n=10 played using PC Game ‘The Loom’ (approx duration 12 minutes)
e Group C: n=10 completed the maze puzzle (approx duration 2 minutes)

This was then followed by another Relax and Race game (R&R3). An informal
interview was conducted and the comments on the subjective effectiveness and appeal
of the game were recorded.

3 Results

The data collected was analysed and the following results were obtained. The GAD7
scores and the first Relax and Race game (R&R1) scores were correlated and analysis
showed no significant correlation between the two scores (P<0.2). There was also no
correlation between pulse rate and R&R1 (P<0.3). Correlation with age also shows
no significance: (p-value <0.3), and correlation with sex showed no significance
either (p-value < 0.2).

However the correlation between blood pressure measurements systolic (BP1) and
diastolic (BP2) and R&R1 showed that there was a significant correlation (P< 0.002
and P< 0.006 respectively).

A correlation also exists between the Relax and Race scores before and after playing
Tetris (R&R1 and R&R?2), showing a significant correlation (P<0.007). This suggests
that Tetris had the effect of stressing the majority of people.
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Fig. 3. Comparison Relax & Race Scores Before and After ‘Tetris’

Paired comparisons were made between the interventions Storm Chaser and The
Loom, and these showed no significance. Comparison between the maze puzzle
(control) and Storm Chaser were marginally significant, t(9.6)=-2.3, p<.04, which is
no longer significant after Bonferroni correction for multiple comparison.

Whereas the paired comparison between the maze puzzle (control) and The Loom

showed a strong significance t(15.9)=-6.4, p<.001, which remains significant after
Bonferroni correction for multiple comparisons.
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Fig. 4.. Comparison Storm Chaser, The Loom and Maze

4 Discussion

Our results confirm that biofeedback in the form of EDR in combination with
software applications can be effective in reducing stress. The results suggest that the
design of the application along with the mode of delivery seem to be of significance.
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These results are important, not only in that they support the hypothesis that
technology can be effective in stress reduction, but also in that they can provide an
alternative method of relaxation for those individuals who are predisposed to using
technology. The results for The Loom application suggest that the slow rate of
change of the image and the time required completing the game, supporting the
individual to get into a meditative relaxation. The mobile phone game Storm Chaser,
which is of shorter duration and has less relaxing imagery may not be as effective.

Our findings replicate the results found by Allen et al [!! in their studies on the effects
of biofeedback on business managers. They included EMG biofeedback and self
reports, (our study uses EDR) and they found there to be a positive effect.

Baldwin’s study of biometrics (28} 2% report similar results and replicate the findings
of the efficacy of biofeedback for ‘any physiological process that responds to stress’.
[15]

In contrast a study by Sharry 395 consisted primarily of a single case study with the
Relax to Win (a PC version of the Relax and Race game) and found it to be effective
only as part of a broader therapeutic intervention.

Yucca et al 2% confirmed that the accessibility and portability of biofeedback was an
important consideration in determining efficacy and although not specifically
investigated in this study these aspects could be interesting for future research.
Wilkinson’s research 3! into online gaming for therapeutic purposes also confirms
the importance of accessibility and gratification in the effectiveness of these media.

The findings may point to time duration being an important variable with regard to
relaxation, that a minimum time interval is required to show significant effects of the
games. An interesting exercise would be to compare Storm Chaser and The Loom, but
ensure that the participants used the games for the same period of time. So the
repeated use of Storm Chaser and The Loom for a set time period, e.g.15 minutes may
clarify the time variable. Another variation could be a comparison of the effect of the
game interventions on the same individual. The significance of The Loom may also
be due to the difference between the technology platforms, with the PC giving a more
immersive experience.

Some obvious limitations of this study are the small number of participants (n=10)
and the fact that measurements were taken after the first attempt at playing the game.
It would be valuable to repeat this study with individuals who are given a training
period with the game so that they not only familiarise themselves with the operation
of the game, but also that any performance anxiety experienced by the participants
would be minimised.

In this study we used only healthy subjects to minimise confounding variables.
Future research could include testing subjects with higher GAD scores or participants
with a diagnosis of General Anxiety Disorder or other mental health difficulties
associated with anxiety e.g. panic disorders, phobias, post traumatic stress disorder
etc.
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Stress is a common experience for all of us, and certain interventions may positively
affect our ability to manage the inevitable stress of everyday life. Healthcare
practitioners need to be aware of not only the risk factors of stress but also the
numerous effective methods available for assisting in managing it. These methods,
while not experienced as particularly attractive to some, may have immediate appeal
and effect on the younger more technologically savvy section of the population and as
a result have positive consequences for both themselves and those in their
environment. Those individuals suffering from mental health difficulties could benefit
from more collaborative efforts between the psychotherapeutic profession and the
engineering community in developing applications and interventions that assist
individuals in acquiring new skills in psycho-physiological maintenance.
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