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Abstract : To simulate the effects of acute psychological stress, the effects
of stressful computer game in young adult subjects were assessed by
various physiological, psychological and biochemical parameters. The
results showed a significant increase in the physiological and psychological
markers of stress. It is concluded from these results that computer game
can be used as an acute laboratory psychological stressor for future studies
on physiological effects of stress.
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INTRODUCTION
Environment provides man with certain
internal contradictions and demands, which,
as long as their intensity and frequency are
within the normal limits of human tolerance,
can stimulate his motivation and enhance
his productivity. Because each of us is
shaped by our own experience and our
unique genetic make up, we are inherently
different in how we respond to stress. “We
don’t walk into trauma the same way and
we don’t walk out of trauma the same way...”.
Stress, according to the health experts
will cause more health problems than ever
before, as it is characterized by change in
the set point of Hypothalamo pituitary axis
activity leading to stimulation of the
autonomic nervous system resulting in
immediate effects on the heart rate, blood
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pressure, temperature, respiratory rate and
the plasma catecholamine levels, as well as
delayed effects by release of corticosteroids.
Stressors could be physical conditions
such as heat or cold, ailments such as
infection or inflammation, exercise etc. or
psychological
(stressful
psychological
environments such as working conditions
and abusive relationships, performance
stresses such as public speaking, mental
arithmetic etc.).
The changes produced by physical stress
such as effects of sub maximal and maximal
exercise on the various physiological
parameters are well studied but the impact
of the various psychological stressors on
human physiology are not studied in detail.
The stressor commonly used in laboratories
to elicit a psychological stress response is
the Trier Social Stress Test (TSST). With
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an increasing interest and need to study
stress physiology we need to look for more
ways to give laboratory stress to the subjects
with valid replication of the same in our dayto-day life.
In the same way that ‘you are what you
eat' recent research suggests that also 'you
are what you do and watch’. As computer
games have increased in popularity, reports
of players experiencing stress, fatigue and
even game-related seizure activity have
occasionally appeared (1, 2). While playing
under the conditions of time deficits an
increase of emotional stress is seen in
children, accompanied by worsening of
playing activity parameters (3). Given
how the brain works it is logical - and
increasingly proven - that if you subject
yourself to miserable, negative experiences
portrayed on television and computer games,
then you feel unhappy or even depressed as
a result. They produce stress, anxiety and
actually adversely affect a person’s physical
and mental health.
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Thus studies showing the effect of
computer game playing on the stress
response of the body and the possibility of
using computer game, as a stressor for
studying stress physiology need to be
explored.
The physiological parameters used to
assess
the
levels
of
stress
in
the
experimental
stress
tests
are
the
cardiovascular responses (ranging from
changes in heart rate to changes in
autonomic tone), muscular activity (EMG),
Galvanic Skin Response (skin conductivity)
and Cortisol levels (6).
The present study aims at studying
the effects of computer game in young
adult subjects on their levels of stress
by assessment of various physiological
( H e a r t R a t e , Q T C/ Q S 2 , E M G a n d G S R ) ,
psychological (acute stress questionnaire)
and
biochemical
(cortisol
estimation)
parameters.
MATERIALS AND METHODS

Significantly higher cortisol levels after
playing the video game have been reported
(4). Excessive computer and video game
playing among children is now also being
critically discussed from a pedagogic and
public health point of view. A study by Erb
et al (5) used computer game as stressor, to
examine the influence of stress on
intraocular pressure in healthy 15 nonsmoking subjects, who were exposed to both
bicycle ergometry physical stress and a
computer-game psychological stress. It was
demonstrated that mental stress in the form
of computer game could lead to a rise in
intraocular-pressure.

Subjects

The study was conducted on 43 subjects
(39 Males/4 Females); selected on voluntary
basis from the staff and students of AIIMS
(18–30 years). Informed written consent for
participating in the study was taken from
them. The subjects reported to be in good
health and were not on any medication,
which might affect the variables under
study. In order to minimize the possible
confounding factors, the subjects were asked
to abstain from smoking, alcohol and
caffeine containing beverages and to avoid
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heavy physical or mental work from the
evening before the experimental session.
Ethical clearance for the study was taken
from the ethics committee of All India
Institute of Medical Sciences.
Procedure

Each subject attended individually an
introductory session before entering into the
study in which they were acquainted with
the laboratory setting and the recording
procedure to be used. Then they were asked
t o p l a y c o m p u t e r g a m e s a n d t h e g a m e that
gave them a subjective feeling of maximum
stress was chosen as a stressor for that
subject as also confirmed by simultaneous
recording of GSR and heart rate.
Every subject was studied in the
experimental session in the afternoon, for
about 1 hour. The subject was seated
comfortably, electrodes for measurement of
ECG, EMG, and GSR were placed, they were
asked to fill the stress rating scales and first
blood sample was taken. The subject then
played the computer game chosen for them
in the introductory session and the following
recordings were done.
Physiological Stress Parameters (ECG,
EMG and GSR) : These recordings were done
using Biopac Student Lab PRO® Software
version 3.6.7 and MP30 Hardware from
BIOPAC Systems, Inc. which has inbuilt
system for all the processes involved in
recording from signal acquisition to data
display.
ECG (0.5–35 Hz) was continuously
measured using Lead-2, sample rate at 200/
sec, gain X 2000. The heart rate was
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calculated from the R-waves using mean
value of beats per min for artifact free 300
sec graph for each stage of recording.
Phonocardiography (20–100 Hz) was done
at sampling rate 200/sec and gain X 2000.
This was done along with ECG to measure
QTc/QS2 ratio. The bell of the stethoscope
was placed on the precordium and kept in
place with the help of a strap tied round
chest. It was ensured that the strap was
neither too tight to suffocate the subject or
too loose to cause movement artifact.
QT C /QS2 is the ratio of electrical systole
to the total electromechanical systole that
has been used as an index of sympathetic
discharge to the heart (7). QTc is corrected
QT, correction applied to ensure that the
changes in QT are inherent and not due to
changes in heart rate or R-R interval of ECG
and measured from the beginning of
ventricular depolarization (beginning of Q
wave) up to the end of repolarization (end
of T wave). QS2 is measured from Q wave to
second heart sound. Both the QT and the
QS2 intervals were determined from ten
cardiac cycles (8).
EMG (30–500 Hz) was recorded from the
temporalis and the masseter muscles, at
sampling rate 200 Hz, gain X 2500. The
basal electrical activity or the tone of EMG
increases with sympathetic activity or stress.
The electrodes used were disposable Ag-AgCI
surface electrodes with 10 mm contact area.
The muscles were identified on palpation by
making subject contract these muscles by
clenching his teeth. The electrode for ground
was placed on the skin overlying the spine
of C7 vertebra. The raw data was first
rectified and then integrated.
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GSR (0–35 Hz) Galvanic Skin Response
is a relatively reliable index for a person’s
internal “state”. It reflects sweat gland
activity and changes in the sympathetic
nervous system. The activity of the sweat
glands in response to sympathetic nervous
stimulation
(increased
sympathetic
activation)
increases
resulting
in
an
increased conductance, which can be
recorded and measured. Two Ag/AgCI
electrodes were tied round the index and
middle finger of left hand. Absolute values
of GSR at each point in time through out
the experiment were recorded and the change
under various states i.e. pre and post stress
was calculated.
Biochemical

stress

parameters

5-ml blood sample was drawn in the
beginning and the end of the session for
cortisol assays in 20 subjects. Plasma was
immediately separated from the whole blood
by centrifugation and stored at –20°C until
the biochemical assays were performed.
Cortisol was determined using commercial
ELISA kits (DRG International Inc., USA).
The inter assay and the intra assay
coefficients of variation were below 5.4% and
2.8% respectively.
Psychological

stress

Stressor

Computer game : The stressor used in
this study was either a computer game or
an arithmetic calculation. The computer
games used were either “Tetris” in which
the subject was required to build complete
rows of blocks using the different shapes,
sizes and orientation of sets of those blocks
presented on the computer screen, or from
software called “Blackhawk Striker Launch”
in which a fighter helicopter has to fight
enemy aircrafts in air and enemy tanks on
land. The game becomes very stressful when
too many shells and enemies with little
space to move surround the helicopter. The
other game “Starship Eleven” has a
spaceship, which has to be moved against
many hurdles. The navigation of the ship is
a work of precision and failure causing
repeated crashes gives a lot of stress to the
player.
Arithmetic calculation : The arithmetic
calculation given was based on sequential
subtraction of a fixed digit from a higher
order digit verbally. The subjects were
required to subtract a fixed digit e.g. 7 from
100 and thus go backwards towards 1/0. The
subject was further put under stress by
pointing out mistakes in their calculations
and made to repeat the same again.

parameters
Statistical

Acute stress questionnaire was used to
assess the mental and emotional stress (9).
It has 20 items to be scored from 1 to 5 and
indicates how you feel in the present
situation. The minimum score possible was
20 and the maximum was 100.

Analysis

The level of stress as measured by
various physiological and biochemical
parameters were assessed using two tailed,
paired t test. The value of P<0.05 was
considered significant.
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T A B L E I : Mean pre and post stress values of various
stress parameters.

RESULTS
The age of subjects, number of years of
education and handedness did not differ
significantly. Results of the variables using
the paired t test revealed a significant
change in the two states (i.e. post stress
versus pre stress). Summaries of the results
of the present study are presented in
Table I.
The mean GSR pre stress was 1.80 ± 1.40
µ mho and post stress was 2.63 ± 2.02 µ mho,
with a significant increase with stress
(P<0.001).
Mean Heart rate pre stress was
81.51 ± 10.57 and increase to post stress was
84.68 ± 11.14,
which
was
significant
(P<0.001). Thus a 4% increase in the heart

Name

GSR (µ mho)
EMG (mV-sec)
HR (beats/min)
Q T C/ Q S 2
AcQ
CORT (ng/ml)

Pre-stress

Post-stress

1 . 8 0± 1 . 4 0
3 . 0 2± 1 . 0 6
8 1 . 5 1± 1 0 . 5 7
1 . 0 7± . 0 9
2 5 . 7 0± 7 . 0 1
1 5 2 . 9± 4 9 . 2 5

2 . 6 3± 2.02***
4 . 1 1± 2 . 7 7 *
8 4 . 6 8± 11.14***
1 . 1 6± .07***
2 8 . 4 0± 8.04***
1 3 0 . 0 5± 4 1 . 2 8 *

***P<0.001, *P<0.01
GSR : Galvanic Skin Response
EMG : Electromyographic activity
H R : Heart Rate
AcQ : A c u t e S t r e s s Q u e s t i o n n a i r e s c o r e s
C O R T : Cotisol levels

rate was seen with computer game as a
stressor. There was a significant increase
( P < 0 . 0 0 1 ) i n t h e Q T C/ Q S 2 v a l u e i . e . t h e
sympathetic tone in these subjects increased
after playing the computer game.

Age
Stress

Date

Questionnaire

This questionnaire is purely a simple indicator of the amount of stress that you are currently experiencing
within your particular lifestyle. It is not a substitute for seeking professional medical advice or diagnosis.
To determine your level of stress, just select one answer for each question. To make the feedback meaningful,
try and answer all the questions as honestly as possible.
1 ----------------------------- 2 ----------------------------- 3 ----------------------------- 4 ----------------------------- 5
almost never
rarely
sometimes
quite often
must of the times
1
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Do you get on well with your co-workers ?
Do you let others know how you are feeling ?
Do you suffer with constipation or diarrhea ?
Do you get jealous of others ?
How often do you catch colds ?
Do you crave sweet things to eat ?
How often do you suffer with headaches ?
When you have been ill does it take you long time to get over it ?
Are you quick to anger ?
Do you feel that you are under too much pressure ?
Do you feel refreshed at the beginning of the day ?
How often do you feel lonely ?
Do you drink alcohol ?
Does your heart pound ?
Do you suffer with difficulty in sleeping ?
When conflict arises do you overreact ?
Do you have difficulty in concentrating ?
Do you have allergy flare ups ?
Do you sweet excessively ?
Are you happy ?

2

3

4

5
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EMG was done in 35 subjects and a
significant increase was seen (P<0.01) from
3.02 ± 1.06 mV-sec to 4.11 ± 2.77 mV-sec.
The rest of the data from eight subjects was
discarded due to poor recording or
interference.
The cortisol levels were estimated in
20 subjects. A significant decrease (P<0.01)
was seen in cortisol levels from pre
stress 152.9 ± 49.25 ng/ml to post stress
130.05 ± 41.28 ng/ml.
Mean scores on the Acute Stress
Questionnaires
before
stress
was
25.70 ± 7.01 whereas the scores post stress
was 28.40 ± 8.04, which was significantly
higher (P<0.001) and correlated positively
with the changes in the physiological and
biochemical parameters.
DISCUSSION
The primary finding of this study was
that computer games are not just a passive
pleasure activity but associated with a
definite stress response as shown by the
increased physiological stress parameters.
The increased mean scores on the stress
questionnaire also support the use of
computer games as a psychological stressor
in the laboratory setting.
Forty-one out of the forty three subjects
in this study showed computer game related
significant increase in the various stress
parameters,
that
are
consistent
with
previous
reports
of
stress
induced
impairments in the young adult age group.
It has been shown that the energy cost of
the
game
approximates
mild-intensity
exercise (10, 11). Changes in HR (12) and
GSR (3) in young healthy adults in
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laboratory setting as previously seen are also
replicated in our study.
An increase in the sympathetic discharge
using computerized arithmetic and Atari
games as stressors indicated by increase in
the
gastrointestinal
transit
time
and
glycemic control has been shown (13). In our
study
a
significant
increase
in
the
s y m p a t h e t i c d i s c h a r g e i . e . t h e Q T C/ Q S 2
values is seen.
In our study the levels of cortisol,
contrary to previous reports, have reduced
in response to the stressor. The stress
response occurs in two stages: a short
latency component, the fight or flight
response, with stimulation of the autonomic
nervous system resulting in immediate
effects on the heart rate, blood pressure,
temperature, respiratory rate and the
plasma catecholamine levels (14, 15) and a
slower acting response by release of
corticosteroids. Cortisol has a much longer
latency of release than norepinephrine
(minutes instead of seconds), and it takes
hours for the adaptive effects to emerge.
Peak cortisol levels are attained 10–15
minutes after the disturbance of homeostasis
and the levels remain elevated for 30–90 min
as a function of the nature of stress and
coping ability of the individual (16, 17).
Plasma catecholamines have been shown
to be elevated by acute stressors such as
hypotension, hypoxia etc. by increasing the
discharge of Locus Coeruleus, the main
source of norepinephrine afferents to the rest
of the brain. Such changes in the firing rates
of LC occur within seconds of the
administration of stress (18, 19, 20). The
degree of increase reflects the intensity of
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the stressful stimuli (21, 22). On the other
hand, activation of the HPA axis, via
increased CRF in the hypothalamus leads
to increased ACTH from anterior pituitary,
which hence triggers the glucocorticoid
secretion from the adrenal cortex. The
Cortisol hence released, binds with its
receptors i.e. GR and MR receptors to bring
about its effects (23).
Even though these systems are studied
in isolation, interactions between the two are
well known to exist, during stress the
adrenal medulla is exposed to high levels of
corticosteroids
leading
to
increased
conversion of norepinephrine to epinephrine,
conversely, the monoamines regulate the
HPA axis in the brain by activation of PVN
of hypothalamus and thus increased release
of CRF (24). Hence while norepinephrine
activity is immediately increased in response
to threatening stimuli, cortisol modulates
the long-term neuronal changes associated
with stress.
These
complex
interrelationships
between the two systems reveal the
subtleties of the stress response. Also, in
both the systems the level of the available
monoamines influence the response such
that more the available monoamines, greater
the stress response.
The decreased levels of serum cortisol in
our study post stress were also seen in a
previous study by Skosnik et al in 2000 (25),
by using computer game play for 15 min as
a stressor. These results indicate that either
the stressor was mild to only produce the
sympathetic activation or the latency of
cortisol release was too long to be observed.
Further also the individual coping abilities
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may be responsible for an early reversal of
the stress reactivity of the body though other
physiological changes due to the activation
of the sympatheto-medullary axis continued
to be present during this period.
Therefore, it seems worthwhile to study
each of the possibilities by probably a more
frequent blood sampling and estimation of
levels of norepinephrine during the testing
procedure in the future investigations.
Computer games did not produce stress
in two subjects probably because these
subjects were too used to these games and
were using preformed strategies during the
play. In these subjects increased stress levels
were obtained using arithmetic calculation.
However, it would be worthwhile to use
different type of computer games to see
if changing the principle strategy used in
the game leads to increase in the levels of
stress.
Today we need to answer the questions
pertaining to the stressful effects of all the
modernization and increased influence of
technologies in our life. Time and again it
has been demonstrated that the age-old ways
of life were much more healthy. Finally, the
study clearly demonstrates the activation of
a stress response in these subjects and thus,
this can be used as a psychological stressor
in the laboratory setting. The changes in the
various physiological parameters have been
highly consistent and also correlated by
psychological assessment.
ACKNOWLEDGEMENTS
This work has been supported by the
Institute Research Grant, All India Institute
of Medical Sciences, New Delhi, India.

374

Sharma

et

al

Indian J Physiol Pharmacol 2006; 50(4)

REFERENCES
1.

Pellouchoud E, Smith ME, Mc Envoy L, Gevins
A. Mental effort-related EEC modulation during
video-game play: comparison between juvenile
subjects with epilepsy and normal control subjects.
Epilepsia 40 Suppl 1999; 4: 38–43.

2.

Kasteleijn – Nolst Trenite DG, da Silva AM,
Ricci S, Binnie CD, Rubboli G, Tassinari CA,
Segers JP. Video – game epilepsy: a European
study. Epilepsia 40 Suppl 1999; 4: 70–74.

3.

Telegina TL, Pigareya ML. Changes in the
galvanic skin reaction and speech parameters of
8- to 9-year-old children during play. Zh Vyssh Nerv
Deiat Im I P Pavlova Jan-Feb; 1993; 43(1): 23–30.

4.

Hebert S, Beland R, Dionne-Fournelle O, Crete
M, Lupien SJ. Physiological stress response to
video game playing: the contribution of built-in
music. Life Sci 2005; 76(20): 2371–2380.

5.

Erb C, Brody S, Rau H. Effect of mental and
physical stress on intraocular pressure-A pilot
study. Klin Monatsbl Augenheilkd 1998; 212(5):
270–274.

6.

Everly GS, Lating JM. Measurement of the human
stress response. In: A clinical guide to the
treatment of the human stress response. Kluwer
Academic Plenum publishers, 2nd edition 2002,
pp. 101–119.

7.

Boudoulas H, Geleris P, Lewis RP, Rittgers SE.
Linear relationship between electrical systole,
mechanical systole and heart rate. Chest 1981;
80(5): 613–617.

8.

De Caprio L, Vigorito C, Cuomo S, Vitale D, Zarra
AM, Casullo G, RengoF. Quantitative and
qualitative analysis of the relationship between
exercise-induced R wave amplitude changes and
severity of coronary artery disease. Jpn Heart J
1984; 25(6): 923–935.

9.

Ruf S, Cecere F, Kupfer J, Pancherz H. Stressinduced changes in the functional electromyographic
activity of the masticatory muscles. Acta Odontol
Scand Jan 1997; 55(1): 44–48.

10. Segal KR, Dietz WH. Physiologic responses to
playing a video game. Am J Dis Child 1991; 145:
1034–1036.
11. Mc Ardle WD, Katch FI, Katch VI. Exercise
Physiology
Energy,
Nutrition,
and
Human
Performance. Philadelphia Lea & Febiger 1981:
80–117.

14. Korf J, Aghajanian GK, Roth R. Increased
turnover of norepinephrine in the rat cerebral
cortex during stress: role of the locus coerules.
Neuropharmacology 1973; 12: 933–938.
15. Cassens G, Roffman G, Kuruc A, Orsulak PJ,
Schildkraut JJ. Alteration in brain norepinephrine
metabolism induced by environmental stimuli
previously paired with inescapable shock. Science
1980; 209: 1138–1139.
1 6 . Mc Ewen BS, Sapolsky RM. Stress and Cognitive
Function. Curr Opin Neurobiol 1995; 5: 205–216.
17. Newcomer JW, Selke G, Melson AK, Hershey T,
Craft S, Richards K, Alderson AL. Decreased
memory performance in healthy humans induced
by stress-level cortisol treatment. Arch Gen
Psychiatry 1999; 56: 527–533.
18. Cedarbaum JM, Aghajanian GK. Activation of
locus Coeruleus neurons by peripheral stimuli
modulation by a collateral inhibitory mechanism.
Life Sci 1978; 23: 1383–1392.
19. Morilak DA, Fornal C. Jacobs BL. Effects of
physiological manipulations on locus coeruleus
neuronal activity in freely moving cats. I.
Thermoregulatory challenge. Brain Res 1987; 422:
17–23.
2 0 . Svensson TH, Peripheral, autonomic regulation of
locus coeruleus noradrenergic neuron in the
brain: putative implications for psychiatry and
psychopharmacology. Psychopharmacology 1987;
92: 1–7.
2 1 . Segal M, Bloom FE. The action of norepinephrine
in the rat hippocampus. IV. The effects of locus
coeruleus stimulation on evoked hippocampal unit
activity. Brain Res 1976; 107: 513–525.
22. Waterhouse BD, Woodword D, Interaction of
norepinephrine
with
cerebrocortical
activity
evoked by stimulation of somatosensory afferent
pathways in the rat. Exp Neurol 1980; 67: 11–34.
2 3 . Trentani TA, Kuipers SD, Ter Horst GJ, Den Boer
JA. Selective Chronic Stress Induced In Vivo
ERK1/2
Hyperphosphorylation
In
Medial
Prefrontocortical Dendrites: Implications For
Stress-Related Cortical Pathology ? Europeon
Journal of Neuroscience 2002; 15: 1681–1691.

12. Tejero Selguero RA, Morgan RM. Measuring
problem video game playing in adolescents.
Addiction. Dec 2002; 97(12): 1601–1606.

24. Dunn AJ and Kramarcy NR. Neurochemical
responses
in
stress:
relationships
between
the
hypothalamic-pituitary-adrenal
and
catecholamines
systems.
In
Handbook
of
psychopharmacology, Vol. 18 (eds. LL. Iversen,
S.D. Iversen, S.H. Synder) Planum Publishing
Corporation 1984; pp. 455–515.

13. Blair EH, Wing RR, Wald A. The effect of
laboratory stressors on glycemic control and
gastrointestinal transit time. Psychosom Med
1991; 53(2): 133–143.

25. Skosnik PD, Chatterton Jr RT, Swisher T, Pask
S. Modulation of attentional inhibition by
norepinephrine and cortisol after psychological
stress. J Psychophsiol 2000; 36: 59–68.

