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Abstract

Video games have significant and diverse effects on stress and cognitive systems based on the game style. The
effect of this media on the central nervous system is significant because of its repetition. Nowadays, video
games have become an important part of human life at different ages, and therefore, assessing their effects (good
and bad) on stress factors, cognition, and behavior can be an important help in understanding the nature of these
games and managing their impact on humans. Consequently, this study aimed to investigate the effect of a
puzzle game on the player's stress and cognitive indicators in neuropsychological, biochemical, and
electrophysiological approaches. A total of 44 participants were entered into the study and randomly assigned to
control and experimental groups. Our interventions were watching (control group) and playing (experimental
group) the game. Salivary biomarkers (cortisol and alpha-amylase) were measured using the enzyme-linked
immunosorbent assay method. Electrophysiological assessment of attention and stress was performed using
electroencephalography. Neuropsychological assessments for the evaluation of mental health, mental fatigue,
sustained attention, and reaction time were conducted using paced auditory serial addition test. All tests were
administered before and after the interventions. The findings revealed that the salivary cortisol and alpha-
amylase significantly reduced after playing the game. There were significantly higher levels of attention after
playing the game. Mental health and sustained attention significantly increased after game playing. It can
conclude that puzzle-style computer games can strengthen and empower the perceptual-cognitive system and
suppress the stress system of players. Therefore, they can be used purposefully as a positive cognitive therapy
approach.
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1. Introduction

Video games have a direct and immediate effect on an
individual's cognitive activities. Players are required to
make decisions and take actions at any moment according
to the game context (decision-making as a cognitive

behavior is planned in the prefrontal cortex) to achieve
personal development in-game goals (1-3). Video games
are an interactive medium spreading throughout the globe
and act as an environmental factor to enhance or attenuate
the cognitive function of the brain. The cognitive function
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is the integrity of the mind and brain, representing the
impact of biological, electrophysiological, molecular, and
physiological brain functions on behavior. Video games
have remarkably drawn the attention of researchers and
neuroscience experts due to their effects on the nervous
system. They can affect many cortical and subcortical
areas that are involved in controlling behavior (1, 4-7).
There is evidence that the puzzle and runner style of
games helps improve cognitive functions (1, 8). Stress
affects mental and physical health and the social decision-
making process. Therefore, control and reduction of stress
levels both at individual and community levels
significantly improve the lifestyle of the individuals,
leading to the promotion of community health (9-11).
Video games play a magnificent role in brain function,
especially in specific brain areas responsible for decision-
making, problem-solving, attention, and learning, such as
the frontal cortex. Problem-solving skill is the most
important cognitive activity and a major contribution to
mental abilities and improvement of cognitive indices,
such as attention, thinking, and decision-making.
Attention is the basis of problem-solving and one of
the main cognitive processes. It is the base of thinking
and learning that is associated with storing and
recreation information in the brain. Attention is
increased through the repetition of a specific task and
enhancement of decision-making parts of the brain (5,
12, 13). Any video game capable of improving
attention may serve to enhance other cognitive
indicators and can be identified as an activator of the
brain cortex in a positive direction (14, 15). Attention is
a significant brain function that has a major role in the
development of cognitive functions, including
intelligence, memory, and perception.
Electroencephalography (EEG) is a way to record and
identify cognitive functions. Brainwave analysis during
playing video games may be effective to investigate
changes in cognitive processes, such as attention and
concentration. Any type of change in the central nervous
system (CNS) caused by playing video games can
influence the behavior of the player. Consequently,
research in this area includes examining a broad range of

human behaviors and cognitive abilities (13, 16, 17).
Among all investigated tests, the Paced Auditory Serial
Addition Test (PASAT) is a prevalent test to determine
cognitive and conceptual characteristics. This progressive
test has been widely used since 1974 as a feasible
measurement tool in the U.S. military and has been
utilized in numerous studies (1, 18, 19). Given the
widespread popularity of video games and the large
proportion of waking hours spent on them, careful
scientific studies on the effects of different video games
are important for both practical and theoretical reasons.
Therefore, the present study aimed to evaluate the effects
of a puzzle game on the stress and cognition of players
based on changes in biomarkers and brain wave functions.

2. Materials and Methods

2.1. Participants and Study Protocol

A total of 44 out of 56 male student volunteers with
an average age of 20 years were included in the
experimental (playing the puzzle game) and control
(only watching the puzzle game) groups. All tests were
conducted before and after the interventions. Subjects
were screened for eligibility to participate in this study.
The inclusion criteria were lacking a previous history
of playing this puzzle game, illicit drug use, any
medical conditions, and drug consumption.
2.2. Neuropsychological Assessment

The PASAT was used to assess perceptual-cognitive
readiness. First, all participants were trained and taught
the PASAT, and then, PASAT was performed on the
subjects to measure their mental health, continuous
attention, response time, and mental fatigue. The
PASAT was performed before and after the
interventions in the experimental and control groups.
Recorded high-quality auditory stimuli were presented
via an external speaker at the most comfortable level for
the listener in PASAT administration. During the
presentation, the participants summed the two last digits
recited and provided their responses. The subjects
needed to add every two successive end numbers up
together and answer their question before proposing a
new number. For example, if numbers 2 and 6 were
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presented consecutively, the correct response was 8.
Each participant would give some correct answers in
each test (the accuracy of the answers). The answers
were compared before and after the interventions. The
average time for answering (reaction time or response
speed), the longest chain of correct answers (sustained
attention), the longest chain of incorrect answers (mental
fatigue), and the number of correct answers (mental
health) were analyzed. The analysis of the obtained
results was performed using R software (R 3.4.0).

2.3. Biochemical Evaluations

The saliva samples of all participants were collected
before and after the interventions using 10-mm Falcon
tubes and were stored at -20°C in a fridge. On the test day,
samples were first melted at room temperature, and after
being centrifuged at 3,000 g for 5 min, 20 pl of each
sample were separated for testing. Cortisol and alpha-
amylase enzyme-linked immunosorbent assay kits
(Diagnostics Biochem Canada Inc, Canada) were used for
assessing salivary levels of cortisol and alpha-amylase.
The collected data were analyzed using the R system.

2.4. Electrophysiological Monitoring

The 14-channel EEG-Emotive device was applied to
record the brainwaves of the subjects. All electrodes
placed in certain areas on the scalp and brain waves
were recorded from all participants in the baseline state
(closed and open eyes). The brain activity of the
experimental group was recorded by EEG device
before, during, and after the gameplay. Brainwave
analysis was performed by MATLAB software
(MATLAB and Statistics Toolbox Release 2016b, The
MathWorks, Inc., Natick, Massachusetts, USA). To
extract characteristics, the EEG power of various bands
and electrodes was calculated and compared.

Attention and stress were assessed based on data on
brainwave analyses acquired in previous studies.
Researchers used the power of the Theta band in the frontal
cortex and the ratio of Theta/Beta to measure attention (9).

Attention:

Pow (AF 3;..,) + Pow(AF4y..,)
Pow(AF3,;.000) + Pow(AF45.000)

attention =

where pow (Ab) is the signal power of electrode A in
band b.

According to the results of previous studies, the
activity of the right hemisphere in the frontal lobe is
significantly higher in people with social stress and
anxiety or those exposed to social menaces. Findings
from previous studies suggest that the best way to
evaluate the stress level is to analyze brainwave signals
of the individuals because it indicates the proportion of
brain activity between the two hemispheres in the
frontal lobe (7, 9).

Stress:

e _ PoW (5 ()
stress = — (F_.,, " )
2).

2.5. Statistical Analysis

The results were expressed as mean and standard
error (Mean+SEM). The Wilcoxon test was used to
determine the significance of the within-group
differences. The significance level was set at P<0.05.
Moreover, data on brainwaves signals were analyzed
using MATLAB software.

3. Results

Figure 1 depicts the mean of attention based on EEG
analysis in control and experimental groups. Our results
indicated that the attention feature in puzzle game players
significantly increased after the gameplay ("P<0.01).
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Figure 1. Mean of attention

Figure 1 depicts the mean of attention based on EEG analysis
in control and experimental groups. The horizontal axis shows
study (control and experimental) groups. The vertical axis
shows the mean of attention. Accordingly, a significant
increase was observed in the mean of attention after puzzle
gameplay ("P<0.01)
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Figures 2A and 2B represents salivary cortisol and
salivary alpha-amylase levels in the control and
experimental groups. Based on the biochemical
analysis, a significant decrease was observed in
salivary cortisol and salivary alpha-amylase levels after
the gameplay in the experimental groups (""P<0.001
and "P<0.01, respectively).

Figures 3A and 3B shows PASAT results for mental
health and mental fatigue assessments in the control
and experimental groups. The mental health of the
puzzle game players increased significantly after the
game ("P<0.05). Nevertheless, the mental fatigue did
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not change significantly in the experimental and control
groups after the interventions.

Figures 4A and 4B is the representation of PASAT
results for sustained attention and the reaction time
evaluations in the control and experimental groups.
Based on the results, the sustained attention of the
puzzle game players increased significantly after the
game (7P<0.01). However, the reaction time did not
change significantly in the experimental and control
groups after the interventions.

In the control group, none of the assessed features
changed after the intervention.
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Figure 2. A. Salivary cortisol and B. Salivary alpha-amylase levels

Figure 2 represents salivary cortisol and salivary alpha-amylase levels in control and experimental groups. The horizontal axis shows study
(control and experimental) groups. The vertical axis shows salivary levels of cortisol (mMol/dL) and alpha-amylase (U/L). Salivary levels of
cortisol and alpha-amylase showed a significant decrease after puzzle gameplay ("*P<0.001 and *"P<0.01, respectively).
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Figure 3. A. Mental health and B. Mental fatigue evaluations

Figure 3 is a representation of PASAT results for mental health and mental fatigue assessments in the control and experimental groups.
The horizontal axis shows study (control and experimental) groups and the vertical axis shows mental health (the humber of correct
answers) and mental fatigue in number (the longest chain of incorrect answers). The mental health of the puzzle game players increased
significantly after the game (*P<0.05); however, their mental fatigue did not change after the game
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Figure 4. A. Sustained attention and B. Reaction time evaluations

Figure 4 depicts PASAT results for sustained attention and reaction time assessments in the control and experimental groups. The
horizontal axis shows study groups (control and experimental). The vertical axis shows sustained attention in numbers (the longest chain
of correct answers) and reaction time in seconds. The sustained attention of the puzzle game players increased significantly after the
game ("P<0.01); nevertheless, their reaction time did not change after the gameplay.

4. Discussion

Video games have diverse audiences in terms of age,
gender, location, and time zone. The importance of
video games lies in their impact on the CNS. Video
games, featuring vibrant colors and breathtaking sound
effects, provide the players with high excitement. This
attraction and stretch of video games can efficiently
contribute to the useful application of these games to
achieve better cognitive and behavioral outcomes (20).
Cortisol and alpha-amylase are the most biochemical
factors whose secretion changes under the influence of
environmental factors. Cortisol is known as the body’s
built-in alarm system (5, 6). The body has a stress
management system known as the sympathetic-adrenal-
medullary system. Activation of this system increases
norepinephrine secretion, which in turn, boosts the
concentration of salivary cortisol and alpha-amylase
(measures of stress). There is evidence that chronic
stress impairs mental ability. Abnormal stress causes
psychological and neurological disorders. Different
types of stimulus may cause various EEG signal
changes, which reflect impaired electrical brain activity
(1, 2, 7). The EEG signals provide useful information
about brain function and are widely used for multiple
medical applications and pathological diagnosis of
brain and cognitive impairments and psychological

problems (20). The results of previous studies have
shown that video games change the levels of cortisol and
alpha-amylase based on their game style, which is
horrible and violent games significantly increase cortisol
and alpha-amylase concentration (20, 21). Increased
cortisol level isassociated with impaired cognitive
abilities as elevated cortisol levels create changes to help
weaken positive cognitive elements and strengthen
negative elements (1, 22). According to the literature,
some types of runner and puzzle games reduce stress and
alpha-amylase. This reduction empowers cognitive
abilities. Therefore, this style of games (runners and
puzzles), from a neurological point of view, plays an
important role in increasing the cognitive capacity of
players as a positive logic stress (8, 15). Hormonal tests
performed in this study showed that after playing a
puzzle game, the salivary levels of cortisol and alpha-
amylase significantly decreased in players. According to
the results of pieces of research, in puzzle games, stress
and fear are not imposed on the player (unlike horror and
violent games). Players lack the fear and stress of time
constraints or the stress and fear of losing the game.
Puzzle video games are designed based on mathematical
logic, reasoning, problem-solving, and decision-making.
In this respect, puzzle game playing activates the
prefrontal lobe of the brain that is involved in thinking,
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attention, and decision-making, leading to improved
cognitive intelligence, learning abilities, and decision-
making. There is scientific evidence that puzzle games,
as a type of intellectual games that challenge the brain
and enhance the functioning of cognitive indices, result
in reduced activity of stress-fear system and the
concentration of cortisol and alpha-amylase (5).
Researchers have demonstrated that brainwaves signals
of the players may change after playing video games
based on the game style. Accordingly, changes in
brainwave signals caused by horror and violent video
games increase stress levels, whereas changes caused by
runner and puzzle video games reduce stress.
Consequently, the results of the hormonal analysis were
consistent with those of the brainwave analysis (1, 20).
Based on the analysis performed on the brain signals of
puzzle game players, the attention index showed a
significant  increase after gameplay, which was
consistent with the results of hormonal tests that also
indicated an improvement in attention after playing the
puzzle game. The results of the data obtained from
PASAT for measuring cognitive indicators of mental
health revealed an increase in these indicators. The
mental fatigue of the puzzle game players did not change
after the game. This result can be evaluated in a positive
direction and means improving cognitive ability. The
results of the study of continuous attention in players
showed that the continuous attention of players after the
puzzle game increased significantly, which means that
brain teasers can strengthen people's attention and
concentration. The last PASAT evaluation was assessing
the response time of players after the puzzle game,
which showed that the response time did not change
after the game. Considering that there is no time limit
and fear of losing in puzzle games, this finding can be
justified. It can be concluded that playing puzzle video
games can improve cognitive elements, such as attention
and concentration among players. Moreover, puzzle
games are indicated to reduce and control stress. This
type of stress is called logic or useful stress. Puzzle
games can be used to provide stress relief.
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