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ABSTRACT
: Introduction: Computer games as an interactive media play a significant role in the cognitive
Article info: :  and behavioral health of the players. Computer games have either positive or negative effects
Received: 21 Oct 2019 *  oncognitive indices among players. They also directly influence the lifestyle and quality of life
First Revision: 21 Jun 2020 : of children, adolescents, and young adults. The present study aimed to evaluate the short-term

Accepted: 02 Aug 2021 effects of the brain teaser game on players.

Available Online: 01 Sep 2021 Methods: Among45 male volunteers, 40 subjects with an average age of 20 years were recruited
:  and divided into two groups: the experimental group and the control group. All required tests
were conducted before and after the intervention (playing the game) on the experimental group.
Also, the same tests were performed on the control group, in which the participants were not
allowed to play the game. All participants completed a questionnaire comprised demographic
characteristics and specific information regarding the game (e.g., game style and hours spent
on playing the game). The saliva samples were collected to measure levels of cortisol and
a-amylase. The salivary a-amylase (SAA) and cortisol levels were analyzed using the relevant
ELISA kits. The cognitive tests were performed using PASAT software before and after the
game to assess the perceptual-cognitive abilities of the players. The brain waveforms were
acquired by a 14-channel Emotiv brain signal recording device before and after the game. Data
analysis was conducted in R and MATLAB software.

Results: PASAT test suggested that mental health and sustained attention were significantly
improved after the intervention. In addition, the sAA and salivary cortisol levels were
significantly higher before the intervention. The results of the brainwave analysis revealed that
stress index and attention were significantly higher before the intervention.

Keywords: Conclusion: Findings of the present study suggest that brain teaser games positively influence
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Brain teaser, EEG, Stress, :  the central nervous system and activate stress path, leading to changes in brain signals and

Cortisol, o-Amylase, Attention  :  subsequently improved cognitive elements, such as attention among players.
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e Mental health and sustained attention were significantly improved after playing the brain teaser game.

e The salivary a-amylase and cortisol levels were significantly higher after the brain teaser game.

e Stress and attention were significantly higher after the brain teaser game.

Plain Language Summary

The widespread use of video games with their positive or negative cognitive effects on the players has highlighted
the need for research in this area. The positive cognitive effects of video games include improved cognitive indices
and increased mental flexibility of the players. The present study was carried out to examine the impact of brain teaser
video games on the central nervous system of gamers. Our research shows that logic stress and limit stress generated
during playing brain teaser games are positive stress, with a desirable effect on the players’ attention. These two types
of stress improve cognitive abilities, such as attention, concentration, and problem-solving, by activating the brain’s
frontal lobe. We suggest that further research be conducted to evaluate different game styles to identify stress types that

positively impact cognitive abilities.

1. Introduction

owadays, computer games have signifi-

cantly influenced the Quality of Life (QoL)

of children and adolescents. Also, players

spent more time on video games. There is

evidence that computer games significantly
affect the cognitive skills and behavioral health of gam-
ers. However, they may have adverse effects on the gam-
ers and result in mental and behavioral disorders. The
increasing number of computer games with different
contents and the increased number of engaged gamers
reflect the importance of research in this area. Computer
games may have positive or negative effects on cogni-
tive indices, as they may have neurological, psychologi-
cal, and physiological effects on the health of the gamers
(Baranowski, Buday, Thompson, & Baranowski, 2008;
Biddle & Asare, 2011; Ebbeling, Pawlak, & Ludwig,
2002). According to the literature, computer games have
short-term effects on the QoL, attention, and concentra-
tion of children (Tahiroglu et al., 2010).

Also, computer games and their induced stress is a major
cognitive indicator that may either negatively or positively
affect other cognitive indices among players (Aliyari, et
al., 2018; Chan & Rabinowitz, 2006). The results of previ-
ous studies show that the impact of stress varies depending
on the playing style and content of the games. Therefore,
Stress plays a superb role in the strengthening or weakening
of cognitive elements (Aliyari et al., 2018; Aliyari et al.,
2020). According to the literature, computer games play-
ers show different types of stress, including logic stress,

limit stress, and fear stress. Logic stress is mostly observed
in puzzle games under which the person has no losing or
time-limited stress. Puzzle games enhance the function of
the prefrontal cortex, which plays an important role in cog-
nitive abilities, such as thinking, decision making, concen-
tration, and problem-solving. Limit stress is mostly seen in
runner games under which the person is afraid of losing.
The fear of losing activates the Hypothalamic-Pituitary-
Adrenal (HPA) axis, increasing cortisol and a-amylase,
leading to time stress. Time stress considerably improves
attention, concentration, response speed, and hand-eye
coordination among players (Aliyari et al., 2018; Aliyari
et al., 2020). Computer games have various impacts on
the secretion of cortisol, depending on the content of the
game. Computer games stimulate the adrenal sympathetic
system and activate the stress system (Biddle & Asare,
2011). The impact of computer games on stress systems
may be associated with many biological changes. Long-
term stimulation of the HPA axis is associated with the
development of many psychiatric disorders. For example,
stress is linked with the HPA axis activation. Hypothala-
mus and brainstem directly control the stress responses. In
the HPA axis, the corticotropic-releasing hormone is pro-
duced in the hypothalamus and delivered to the anterior
pituitary, which releases the adrenocorticotropic hormone
into the systematic circulation. The adrenocorticotropic
hormone is delivered to the adrenal cortex and regulates
cortisol secretion (Chan & Rabinowitz, 2006). Stress re-
sponses may cause behavioral, autonomic, and endocrine
changes in the brain (Aliyari et al., 2015). Also, activation
of the stress system causes reactions generally called fear.
These reactions activate the sympatric of the stress system,
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leading to activation of the sympathetic or parasympa-
thetic nervous system among players (Aliyari et al., 2015;
Biddle & Asare, 2011). Computer games have several
neurological effects on the central nervous system based
on the content, style, and activation of the fear-stress sys-
tem (Aliyari et al., 2015; Aliyari et al., 2018). It should
be noted that any environmental factor that causes abnor-
mal secretion of cortisol may affect brain signals, resulting
in changes in cognitive indicators (Aliyari et al., 2019).
The Electroencephalogram (EEG) measures the existing
currents of the neurons in the cerebral cortex. EEG signals
create an electric field across the scalp or around the head
and represent the brain’s electrical activity. The informa-
tion regarding brain function obtained from EEG has been
widely used in many fields, including medicine, research,
and Brain-Computer Interface (BCI) systems over the
past two decades (Shih, Krusienski, & Wolpaw, 2012).
If a device can differentiate and decode different cognitive
indices of recorded mental activity while playing com-
puter games, those activities form a simple alphabet that
a person can perform a combination of different cogni-
tive abilities to communicate with the surrounding world.
Brain signal decoding, also known as brain decoding, is a
well-known method to assess cognitive indicators (Shirer,
Ryali, Rykhlevskaia, Menon, & Greicius, 2012). If we
consider brain signals as brain language, accurate record-
ing of these electric signals and data processing could help
extract useful data, and comparison of the results of data
processing can be useful in decoding human brain signals
with high accuracy (Haynes, 2009; Shirer et al., 2012).
Brain wave recording test is a complicated method that
demonstrates the mechanical, electrical, and biochemical
activity of the nervous system. Brain wave recording test
is the only non-aggressive method to display and measure
functional features of the nervous system (Bersak et al.,
2001; Shim, Lee, & Shin, 2007). Previous $tudies have
examined the average level of stress and arousal from
brain wave analysis (Aliyari et al., 2018; Bersak et al.,
2001; Biddle & Asare, 2011). Many psychiatric and men-
tal disorders resulting from playing computer games can
be prevented if the pathological use of computer games
and related health impacts are investigated based on the
content and style of the computer games.

The present study evaluated the neurological effects of
brain teaser games on players and examined whether the
neurological indicators improve or decline after playing the
brain teaser games. We also determined the type of stress in
playing brain teaser games and the positive or negative ef-
fects of stress on players. Also, we assessed whether a spe-
cific cognitive indicator is improved after playing a brain
teaser game. We performed cognitive and biological tests
and brain wave analysis to achieve these objectives.
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2. Methods

Among 45 male volunteers, a total of 40 subjects with
an average age of 20 years were recruited and divided
into two groups: the experimental group (n=20) and the
control group (n=20). All required tests were conducted
before and after the intervention (playing the game) on
the experimental group. Also, the same tests were per-
formed on the control group in which the participants
were not allowed to play the game. All subjects were
screened for eligibility, and the inclusion criteria were no
history of playing the assigned game, no illicit drug use,
no specific medical condition, and no medication use.
All assigned subjects completed a questionnaire com-
prised demographic characteristics and specific infor-
mation regarding the game (e.g., game style and hours
spent on playing the game). Then, PASAT software was
used to assess the mental health and sustained attention
of the players. All participants were trained to perform
the test correctly. The assigned game was a brain teaser.
The PASAT was performed before and after the inter-
vention in the experimental group and the control group
without the intervention. The results were analyzed us-
ing R software.

Before and after the intervention, saliva samples were
collected from all participants in 10-mL falcon tubes and
were maintained at -20°C in the fridge to compare the
cortisol and a-amylase levels. On the experiment day,
the samples were melted at room temperature, and after
centrifuging at 3000g for 5 minutes, 20 pL of each sam-
ple was separated for testing. Then, the cortisol ELISA
kit was used to measure human salivary cortisol (Corti-
sol ELISA KIT, Diagnostics Biochem Canada Inc, dbc)
and a specific salivary kit (a-Amylase ELISA KIT, Pars
azmoon Inc) for the measurement of sAA. The obtained
data were analyzed in statistical R software.

Brainwave signal analysis

The following procedure was conducted to extract the
required data from the brain function of the individuals
and an acceptable level of generalization ability.

First, a standard and measurable stimulant was applied
to stimulate each cognitive element. Data were labeled
based on the degree of stimulation (measurable metrics
to provide quantitative feedback regarding impacts). If
there was no standard stimulant for a specific cognitive
element, an independent stimulant was searched for each
particular cognitive element, such as a stress-inducing
scene in a movie. Then, the recognition reference of
each cognitive element was standardized (e.g., the sali-
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vary cortisol was measured to examine the effect of an
assigned stimulus on stress, self-report in specific tests,
or application of more accurate indicators). Afterward,
the person was positioned in a basic condition without
any triggering stimuli, and brainwave signals were re-
corded. Then, for each cognitive element, the person was
exposed to the stimulus for a controlled duration without
awareness of the stimulus. The recorded brain signals
during this period were labeled as stimulus-trigger.

After brain signals were obtained and recorded from
all participants at both basic and stimulus-triggered
conditions, all brainwave signals were evaluated to ex-
tract brain signal patterns for each cognitive stimulus.
Accordingly, after removing eye blink artifacts and
redundant energy sources through Fourier transform,
we divided the signals of each electrode into different
frequency bands. In the next stage, the energy of bands
was calculated in each specific electrode and frequency
band. Then, frequency bands and electrodes with signifi-
cant increase or decrease in signal power between brain
signals of individuals were highlighted. Significance of
changes is a relative concept that is characterized by
minimum or maximum rates of change.

The selected frequency band is the best indicator of
cognitive stimulus triggered condition on a person and is
called “primary indicator”. In the next stage, the existing
primary indicator was searched in the study population,
and after generalization, the rate of the primary indicator
was shown to decrease. In other words, we found the
frequency bands and locations that effectively contrib-
ute to identifying specific cognitive elements known as
“secondary indicators”.

The starting point of this algorithm has a significant
effect on obtaining primary and secondary indicators.
Therefore, we use an over-innovative algorithm to start
and navigate the statistical community to complete this
process. At a closer look, extracting the primary indica-
tors and the order of generalization of these indicators
may play a significant role in secondary indicators.

Eventually, to increase accuracy, the reference standard
tags were placed on a person’s brain signals to determine
the extent to which the impulses affected brain signals in
each person and whether changes in the power of frequen-
cy bands in the primary and secondary cognitive indicators
were consistent with reference standard changes or not.

Ifthe answer is yes, the extraction pattern for the specif-
ic cognitive element yielded satisfactory results. Other-
wise, by applying a finite factor for that frequency band

Basic and Clinical

with a particular position (reducing the effect of that pri-
mary or secondary cognitive indicator), we move to the
start point of the path and try to extract a new pattern.

The EEG signals were recorded using a 14-channel
EEG-Emotive device. For this purpose, all electrodes
were placed on specific regions of the head (Figure 1).
Then, the brainwaves were recorded with closed and
opened eyes. EEG signals were recorded before, during,
and after the intervention by the EEG-Emotive device.
EEG signals were also recorded in the control group
without the intervention. Brainwave signals were ana-
lyzed using MATLAB software. To extract features, we
calculated and compared the energy of signals in differ-
ent bands and electrodes. Data obtained from brainwave
analysis are helpful to measure players’ attention and
Stress (Aliyari et al., 2018; Aliyari et al., 2019; Bleakley
et al., 2015; Shim, Lee, & Shin, 2007).

All clinical and lab researchers employ the 8 band in
the Frontal Cortex (FC) region and the ratio of 9 to mea-
sure attention. The increased energy of 6 in the FC region
and the ratio of 9 is associated with decreased attention.

p
. Pow (AF3beta)+ Pow (AF4beta)
Attention= Pow ( AF3theta)+ Pow (AF 4thela)

, Where pow (AD) is the signal power of electrode A in
band b.

According to previous studies, the activity of the right
hemisphere is higher relative to the left in people with
social stress and anxiety or those exposed to social
threats. Since brainwave analysis explains the ratio of
the activity of the right hemisphere relative to the left

Figure 1. A schematic location of the electrodes on the
heads of the participants
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Figure 2. Changes in mental health of the participants in the experimental and control groups comparing mental health among

participants before and after the intervention

*P<0.05.

hemisphere, it can be effectively used to determine the
level of stress among individuals (Aliyari et al., 2019;
Aliyari et al., 2019).

Statistical analysis

The data were expressed as Mean and Standard Devia-
tion (Mean+SEM). The Wilcoxon signed-rank test was
applied to compare the mean of the two communities.
Data on brainwave functions were analyzed by MAT-
LAB. The significance level was set at 0.05.

3. Results

Results of the PASAT test show that mental health (the
sum of correct answers) and sustained attention (the
longest chain of subsequent correct responses) were sig-

nificantly improved after the intervention. However, no
significant difference was observed in the control group
(Figures 2 and 3). In addition, biological tests revealed
that the sAA and salivary cortisol levels were signifi-
cantly higher after the intervention. However, there was
no significant change in the control group (Figures 4 and
5). The results of the brainwave analysis revealed that
stress and attention were significantly higher after the
intervention. Nevertheless, no changes were observed in
the control group (Figures 6 and 7).

4. Discussion
Nowadays, computer games play a key role in the QoL

of players. Hence, there is a growing number of stud-
ies about computer games and their negative and posi-
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Figure 3. Changes in sustained attention in the experimental and control groups

Comparing sustained attention among participants before and after the intervention. *P<0.05.
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Figure 4. Changes in salivary cortisol in the experimental and control groups

Comparing cortisol levels among participants before and after the intervention; **P<0.01.

tive effects. The content and style of some games have
been shown to affect mental and cognitive health, and
even the physical health of the individuals (Baranowski
et al. 2008; Bleakley et al., 2015; Papastergiou, 2009;
Tahiroglu et al., 2010). Nowadays, various studies have
been done on the effects of computer games on the Cen-
tral Nervous System (CNS) of the players. Computer
games as an environmental factor cause gene expres-
sion, hormonal, neurological, and behavioral changes in
CNS. According to the literature, environmental factors
may adversely affect the neurological system, normal
secretion of hormones, and even gene expression of N-
methyl-D-aspartate (NMDA) receptors (Sadat-Shirazi et
al., 2018; Tekieh et al., 2017). The gene expression of
NMDA receptors plays a key role in developing cogni-
tive abilities such as attention, concentration, memory,
and learning among animals and human beings. Envi-

90000
80000
70000

ronmental factors in urban areas, such as electromag-
netic fields, electric fields, and even computer games,
act as activators or inhibitors of gene expression of
NMDA receptors (Aliyari et al., 2019; Kazemi et al.,
2018; Sadat-Shirazi et al., 2018). Several studies have
shown that computer game addiction would alter the
expression level of NMDA receptors (Sadat-Shirazi et
al., 2018). Computer games have either positive or nega-
tive effects on the players’ cognitive abilities based on
the game content and style. In other words, the nervous
system of the players is entirely influenced by com-
puter games (Tahiroglu et al., 2010). Cognitive tests
conducted by PASAT revealed that mental health and
sustained attention were improved after playing brain
teaser games, which is supported by the results of cogni-
tive tests on mobile runner games. However, there was
no significant difference in cognitive abilities and mental

L 4
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Figure 5. Changes in a-amylase in the experimental and control groups

Comparing a-amylase levels among participants before and after the intervention; **P<0.01.
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Figure 6. Changes in attention in the experimental and control groups

Mean changes in the power of stable brainwaves energy, construct of attention among players.

health in the control group. Moreover, biological tests
revealed that the salivary cortisol and sAA levels were
higher, after playing brain teaser game. Similarly, previ-
ous studies showed that the secretion of salivary corti-
sol and sAA increased, after playing runner games. The
type of stress produced during playing runner games is
a limit stress, which is mostly due to fear of losing in
these types of games. Therefore, limit stress has been
shown to be critically associated with attention, concen-
tration, and response speed. Similar to runner games,
the type of stress in brain teaser games is limit stress.
However, unlike runner games, the limit stress in brain
teaser game is mostly attributed to time limits. Levels of
salivary cortisol and sAA were not significantly different
in the control group. Attractive colors and time limits in
brain teaser game improved attention and concentration
of the players after the intervention. In fact, the assigned
game in this study similar to puzzle games improved

6

brain function, especially frontal lobe. Thus, in addition
to limit stress, another type of stress called “logic stress”
is seen after playing brain teaser games (Anderson et al.,
2002; Lee & Faber, 2007). Cortisol has various impacts
on the human and animals body at different dosages. Ac-
cordingly, any stimulus like environmental stimulus may
cause abnormal cortisol secretion, leading to the appear-
ance of different cognitive behaviors. Environmental
factors affect cortisol secretion by influencing the HPA
axis and adrenal cortex (Lupien, McEwen, Gunnar, &
Heim, 2009). Environmental inhibitors of the nervous
system reduce the normal secretion of cortisol, resulting
in psychiatric disorders such as depression among both
human and animals. However, environmental stimulus
of nervous system increases the normal secretion of cor-
tisol leading to cognitive disorders such as violence, anx-
iety, and reduced attention and concentration in human
beings and animals (Aliyari et al., 2018; Aliyari et al.,

28

Mean of Stress

Control
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Figure 7. Changes in stress level in the experimental and control groups

Mean changes in the power of stable brainwaves energy, construct of stress among players
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2020; Aliyari et al., 2019; Kazemi et al., 2017; Lupien,
Mabheu, Tu, Fiocco, & Schramek, 2007). Since cortisol is
a dose-dependent hormone, it plays a critical role in the
processing of learning and memory formation in humans
and animals (Aliyari et al., 2019; Kazemi et al., 2018;
Kazemi et al., 2018). Several studies have shown that
playing piano games significantly reduced the progres-
sion of Alzheimer disease. Furthermore, the rhythm of
the piano plays an important role in learning piano for
piano learners (Robert et al., 2014). Computer games as
an environmental stimulus of the stress-fear system may
have various behavioral, mental, or neurological effects,
depending on the personal characteristics of the individ-
uals. Identification of the type and degree to which the
content and style of computer games affect the nervous
system of players may contribute to either strengthening
or weakening the cognitive indicators of the players (Ba-
ranowski et al., 2008; Biddle & Asare, 2011; Tahiroglu
et al., 2010; Tekieh et al., 2017).

Cortisol is a stress marker, and a-amylase is a fear
marker. These two markers may have either negative or
positive effects on the fear-stress system. The positive
effects are associated with improved neurological indi-
cators, while adverse effects are associated with reduced
positive cognitive function and increased negative cogni-
tive function (Aliyari et al., 2018; Kazemi et al., 2018).

Brainwave signal tests such as EEG is a common
method to measure cognitive load online. Processing
and analysis of brain wave signals provide helpful infor-
mation regarding different characteristics of the person.
The range of EEG signals depends on the concurrency of
the cerebral neurons (Badcock et al., 2013). Concurrent
stimulation of a group of neurons may lead to producing
a high amplitude signal on the skin because the signal
generated from each neuron gathers together in a time-
domain (Rodrak & Wongsawat, 2013). The frequency of
these concurrent stimuli also results in the formation of a
periodic EEG signal at a given frequency. Also, the iden-
tification of particular brain bands may help strengthen
or weaken the desired brain band. These signals contain
helpful information regarding the function of different
parts of the brain (Badcock et al., 2013).

Brain signal analysis identifies various brain wave lo-
cations based on the severity and weakness of the loca-
tion. Hence, brain wave analysis can be widely utilized
in mind engineering, extraction of cognitive indicators,
and recognition of various pathological conditions, such
as epilepsy, brain tumors, and sleep disorders (Bad-
cock et al., 2015; Liu, Chiang, & Chu, 2013; Mahajan
& Morshed, 2015; Sanei & Chambers, 2007; Wang,
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Jung, Chen, Huang, & Lin, 2013). There is evidence
that brain signals change after playing computer games
based on the content and style of the game (Badcock et
al., 2013; Ramirez & Vamvakousis, 2012). The present
study’s findings show that the stable brain signal powers
for stress and attention were higher after playing a brain
teaser game. However, brain signal analysis showed no
significant difference in the control group. Results of
biological tests and brain signal analysis revealed that
stress increased after the intervention. Also, both logic
stress and limit stress appeared while playing the brain
teaser game. Both types of $tress positively affect the
frontal lobe’s function, which explains the improved
attention and concentration after playing a brain teaser
game. Moreover, the PASAT test revealed that attention
and the mean brain signal power increased after play-
ing a brain teaser game. Thus, both logic stress and limit
stress generated while playing brain teaser games are
positive stresses and positively affect players’ attention.
These two types of stress improve cognitive abilities,
such as attention, concentration, and problem-solving,
through activation of the brain’s frontal lobe. We suggest
that further research be conducted to evaluate different
game styles to identify stress types that positively impact
cognitive abilities.
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