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ABSTRACT

AIMS: Improving cognitive abilities in athletes may increase their performance and predict success in
competitions. Therefore, investigating methods such as Transcranial Direct Current Stimulation that
targets brain structures can be important. This study aimed to investigate the effectiveness of Transcranial
Direct Current Stimulation in improving cognitive abilities in Martial Athletes.

MATERIALS AND METHODS: The research method was semi-experimental with a pretest-posttest
design and control group, conducted on all martial athletes of Ardabil in Iran in 2022. Thirty people were
selected from the martial athletes of Ardabil city who were members of Shahid Abbasi sports club using
available sampling method and randomly assigned to the experimental and control group (15 people
in each group). The experimental group received 10 sessions of 20-minute Transcranial Direct Current
Stimulation (tDCS), but the control group received no training. Nejati Cognitive Abilities Questionnaire
(2013) was used in two stages, pre-test and post-test, to collect data. Data analysis was done using
multivariate covariance analysis in SPSS 23 software.

FINDINGS: Thirty people participated in this research all of whom were men. The average age of the
participants in the experimental group was 25.33+ 4.53 years, and in the control group was 24.26+
4.97 years. The average scores of the experimental group in the post-test in working memory (F=8.23;
p=0.01), selective attention (F=45.73; p=0.00), decision making (F=25.60; p =0.03), planning (F= 38.08;
p = 0.00), sustained attention (F= 24.27; p =0.00), social cognition (F= 54.76; p=0.01) and cognitive
flexibility (F=11.07; p=60.00) has improved compared to the control group, which difference was
statistically significant (P<0.05) unlike the pre-test stage. According to the F values for the post-test and
their significance level (P<0.05), it was observed that electrical stimulation of the brain could significantly
improve the cognitive abilities of athletes.

CONCLUSION: According to the results of this study, Transcranial Direct Current Stimulation is an effective
method for improving the cognitive abilities of martial artists. Therefore, specialists and psychologists,
along with other interventions, can use this non-invasive method as a low-cost and accessible method to
improve the cognitive abilities of these people.
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INTRODUCTION

Recently, the relationship between exercise and
cognitive abilities has received much attention.
Cognitive abilities are a field of knowledge that
many sports researchers intend to investigate [1].
Scientists studying physical activity and exercise
have used knowledge of brain function to explain
the relationship between cognitive abilities and
exercise performance [2]. Cognitive abilities are
the interface between behavior and brain structure
and include a wide range of abilities (planning,
attention, response inhibition, problem-solving,
and cognitive flexibility) [3]. Cognitive abilities,
in addition to being necessary to perform daily
activities [4], allow a person to choose and
implement appropriate responses by identifying
and obtaining environmental information and
integrating it with existing knowledge [5]. Arecent
meta-analysis in this field points to the superiority
of successful athletes in basic cognitive functions
[5]. Several studies have highlighted a significant
relationship between exercise and cognitive
abilities, such as attention and concentration,
executive functions, cognitive processing speed,
memory, and language [6]. Vestberg et al. [7] have
shown that improving brain abilities in male and
female athletes may enhance performance and
predict success in competition.

Similarly, Wagner et al. [8] have also shown that
cognitive aspects such as attention capacity and
executive function influence sports performance.
In general, cognitive ability is considered more
relevant in sports that require continuous
attention, managing multiple variables, or
adapting to changing situations [9, 10]. In addition,
good cognitive performance is particularly
important as a competitive advantage in fields
requiring coordination, reaction speed, mental
calculations, concentration, and memory [11].
One of these sport fields is martial arts. Martial
arts have become increasingly widespread,
defined as combat, defense, and quick fighting
with bare hands against an opponent [12, 13].
Although the physical condition of martial athletes
is of particular importance, the regulation of the
body’s physiological functions depends on the
nervous and cognitive systems. Physical strength,
high-pressure competitions, high tension, and
serious injuries are among the most critical

indicators in martial arts, which, unlike other
sports, require the athletes of these fields to have
specific characteristics [14]. Studies have shown
that martial arts have their specific psychological
needs and dynamics, so applying strategies to
evaluate and improve the cognitive abilities of
these athletes is particularly important [15]. One
of the methods used today to improve people’s
cognitive abilities is transcranial Direct Current
Stimulation (tDCS). In direct current stimulation,
a low-intensity electrical current transmitted
through the scalp is used and is a suitable
option due to its non-invasive nature, safety, and
cost-effectiveness [16]. tDCS has been used by
physicians and neuroscientists to treat psychiatric
and neurological disorders [17]. Since the
abnormal change of neural plasticity is an essential
component of many neurological and psychiatric
diseases, non-invasive brain stimulation, which
can modulate neural activity by affecting synaptic
plasticity, is a potential treatment option [18].
Direct current stimulation has emerged as a
successful method for improving neurological and
psychiatric functions over the past few decades
[19]. The results of Mohajeri aval et al.'s research
[20] show that transcranial Direct Current
Stimulation is effective in experiential avoidance
and worry in people with generalized anxiety
disorder. Also, the research results of Elsner et al.
[21] show that tDCS can improve people’s daily
activities and cognitive and physical performance
after injury. Taherifard, Saeedmanesh, and Azizi
[22] also showed in their research that tDCS is
effective in treating anxiety and stuttering severity.
Martial arts are considered one of Iran’s most
important and medal-winning sports [23]. On
the other hand, the review of research shows the
importance of addressing the role of psychological
factors and using new methods to improve the
performance of athletes [9, 17]. Therefore, using
methods that can increase athletes’ cognitive
abilities can effectively improve and increase
these people’s performance levels. These studies
can also be used to improve the performance
of military forces by improving their cognitive
abilities. The present study was conducted
with the aim of investigating the effectiveness
of transcranial Direct Current Stimulation on
improving the cognitive abilities of martial arts
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athletes.

MATERIALS & METHODS

T=The current research is semi-experimental
with a pre-test and post-test design with a control
group. The statistical population of the present
study included all martial athletes of Ardabil in Iran
in 2022. Considering that the minimum sample
size in experimental research is 15 people for each
group [24], using the available sampling method,
30 people were selected from the martial athletes
of Ardabil city who were members of Shahid Abbasi
sports club. The criteria for entering the research
were: being a martial athlete, being between 18
and 40 years old, written consent to participate
in the research, not suffering from epilepsy and
severe physical disabilities, not suffering from
other physical and mental diseases (including a
history of concussion, severe depression, anxiety,
and heart problems). Exclusion criteria included
withdrawal from the research, absence of more
than two sessions, simultaneous participation in
neurophysiological treatment sessions, and failure
to complete the questionnaire. In order to collect
data, the cognitive abilities questionnaire was
used.
Cognitive  abilities questionnaire: This
questionnaire is a self-report tool by Nejati [4]
to measure cognitive abilities. This questionnaire
has 30 questions that measure cognitive ability
on a five-point Likert scale from 1 (rarely) to
5 (almost always). This questionnaire has six
subscales: memory, inhibitory control, selective
attention, decision-making, planning, sustained
attention, social cognition, and cognitive flexibility.
A high score on this questionnaire indicates more
cognitive problems. Questions 24, 25, and 26 have
reverse scoring. The reliability of the questionnaire
in Nejati's research [4] was calculated by
Cronbach’s alpha method, and the alpha coefficient
was 0.83. The internal consistency of the subscales
for questions related to memory is 0.75, inhibitory
control and selective attention is 0.57, decision
making is 0.61, planning is 0.57, sustained
attention is 0.53, social cognition is 0.43, and
cognitive flexibility is 0.45; for this reason, the use
of subscales alone is not recommended. The result
of testing the reliability of the test, using the test-
retest method in a sample of 23 students of Shahid
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Beheshti University, was 0.86, and the results
of the pre-test and post-test have a significant
correlation at the level of 0.001. To measure the
simultaneous accuracy of the test, the correlation
between the academic grade point average and
the subscales of the test of 395 students has been
used as except for social cognition, other subscales
were correlated with the grade point average at
p<0.001 [4]. In the present study, the reliability of
the subscales was calculated for memory at 0.57,
inhibitory control at 0.54, decision making 0.41,
planning at 0.65, attention at 0.35, social cognition
at 0.58, and cognitive flexibility at 0.76.

The method of conducting the research was
that after selecting the subjects and randomly
assigning the participants by simple random
method and using the table of random numbers,
two experimental and control groups (15 people in
each group) were determined. The experimental
group received two mA anodal current (in the F3
region located on the left forehead) and cathodal
(F4 located on the right forehead) according to the
10-20 system for ten 20-minute sessions during
five weeks. This stimulation was performed by
a pair of sponge electrodes with a size of 3.7 cm
dipped in water and sodium solution with 30
seconds of ascending and descending. Electrical
stimulation was performed by an expert with
a doctorate in psychology at Sharif Psychology
Clinic, who was blinded to the group of subjects
and the study’s hypothesis. At the beginning of the
treatment, the participants were measured as a
pre-test and, after completing the interventions,
as a post-test using the cognitive abilities
questionnaire. In this study, blinding was done in
such a way that the statistical analyst was unaware
of the type and manner of interventions in the
experimental and control groups.

Ethical Permissions: This research has
been approved by the ethical code of IR.UMA.
REC.1401.045 in the Research Ethics Committee
of Mohaghegh Ardabili University. In this research,
ethical principles such as explaining the aim of
the research to the sample people, obtaining
their informed consent, assuring the participants
about the confidentiality of the information
and maintaining confidentiality, the optionality
of participation in the research, the right to
voluntarily withdraw from the research, and the
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harmlessness of the therapeutic intervention were
observed.

Statistical Analysis: To analyze the data,
descriptive and inferential statistics (multivariate
analysis of variance) were used in SPSS 23
software. Also, before performing the multivariate
covariance analysis, Levene’s test was used to
check the homogeneity of the group’s variance.
The significance level in the tests was considered

0.05.

FINDINGS

Thirty people participated in this research all
of whom were male. The average age of the
participants in the experimental group was
25.33+4.53 years and in the control group was
24.26+4.97 years. Also, in the experimental group,
two people (13.30%) had a high school diploma,
nine people (60.00%) had a bachelor’s degree,
and four people (26.70%) had a master’s degree.
In the control group, three people (20.00%) had
a high school diploma, seven people (46.70%)
had a bachelor’s degree, and five people (33.30%)
had a master’s degree. Descriptive statistics of the
research variables in the pre-test stage showed
that the average scores of cognitive abilities in
the experimental and control groups were almost
equal and did not differ much in the experimental
and control groups. However, the post-test results
showed that the experimental group’s average
scores of cognitive abilities improved compared to
the control group (Table 1).

Table 1) Average of subscales of cognitive abilities in
pre-test and post-test of experimental and control

groups
Experimental groups control groups
n=15 n=15
Subscales ( ) ( )
pre-test post-test pre-test post-test
(M+SD) (M+SD) (M+SD) (M+SD)
Memory  10.66%1.23  7.66%1.63 10.13£1.40 10.13%1.45
selective
) 21.00+0.84 17.80£1.01 21.13+01.24 20.66%1.29
attention
Decision
. 15.00+0.84 12.06+1.27  14.46x1.12 14.20+1.01
making
planning 9.06+0.88 6.93+0.88 9.00£1.00 8.73+0.88
Sustained
. 11.73+1.03  8.73+1.22 11.20+0.86 10.93+0.70
attention
Social
L 9.53+1.83  12.66+1.29 9.20+0.86  9.40+1.22
cognition
flexibility ~ 8.53+0.91 6.66+1.29 8.53+1.12 8.53+1.44

The Kolmogorov-Smirnov test was used to check

the normality of the distribution of variable
scores. Considering that the significance level in
the research variables was more than 0.05, the
data distribution was normal, and normality tests
were used. Also, according to the Box’s M test, the
equality of the covariance matrix of the dependent
variables between the experimental and control
groups was not significant (p>0.05). The results
of Levene’s test to check the homogeneity of error
variances of the variables in the research groups
were not significant for cognitive ability variables
(p>0.05). In other words, the error variances of
these variables were homogeneous in the groups.
The results of multivariate covariance analysis
showed that based on the figures obtained
after adjusting the pre-test scores, there was a
significant effect in the factor between the subjects
of the group in working memory (F=8.23; p=0.01),
selective attention (F=45.73; p=0.00), decision
making (F=25.60; p=0.03), planning (F=38.08;
p=0.00), sustained attention (F=24.27; p=0.00) p),
social cognition (F=54.76; p=0.01) and cognitive
flexibility (F=11.07; p=60.00) and the average
scores of the experimental group improved
significantly (Table 2).

Table 2) The results of covariance analysis related to
the scores of the two groups in cognitive abilities

S f Total of M
Variable ~ “onreeor forob e Mean e
changes squares square
pre-exam  2.13 1 213 121 0.27 0.04
Working
group 45.63 1 45.63 19.05 0.01 0.40
memory
error 49.06 28 1.75 - - -
pre-exam  0.13 1 0.13 0.11 0.73 0.004
Selective
. group 61.63 1 61.63 45.73 0.001 0.62
attention
error 31.73 28 1.13 - - -
pre-exam  2.13 1 213 215 0.15 0.07
Decision
) group 34.13 1 34.13 25.60 0.03 0.47
making

error 27.73 28 0.99 - - -

pre-exam  0.03 1 0.03 037 0.84 0.00

Planning group 24.30 1 24.30 38.08 0.001 0.57
error 24.93 28 0.89 - - -

pre-exam  2.13 1 213 235 0.13 0.07

Sustained
. group 36.30 1 36.30 24.27 0.001 0.46
attention
error 25.33 28 0.90 - - -
Social pre-exam  0.83 1 0.83 115 0.29 0.04
octa group 8003 1  80.03 5476 0.01 0.66
cognition
error 20.13 28 0.71 - - -
pre-exam  0.13 1 0.13 0.12 0.72 0.00
Cognitive
. group 20.83 1 20.83 11.07 0.001 0.28
flexibility
error 29.06 28 1.03 - - -
DISCUSSION

The present study was conducted to investigate
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the effectiveness of transcranial Direct Current
Stimulation in improving the cognitive abilities
of martial artists. The results obtained in the
present study showed that this treatment caused
a significant increase in the cognitive abilities of
the experimental group compared to the control
group (p<0.05). This finding is consistent with
previous studies [25, 26, 27]. In the explanation
of this finding, it can be said that due to the need
of martial athletes to have an optimal level of
cognitive functions, performing treatments based
on types of brain stimulation, such as Direct
Current Stimulation in the prefrontal region, can
increase the effectiveness of cognitive reserve
[28]. Considering the importance and role of
the prefrontal region on cognitive actions, the
stimulation of this region increases the cognitive
functions and the excitability of the cortex in
the networks related to cognitive functions [26].
The fundamental principle in transcranial Direct
Current Stimulation is that it creates changes in
the excitability of the cerebral cortex using anodic
stimulation. During the stimulation, the current
between the electrodes goes to the brain and
adjusts the brain in such a way that the area under
the anode is depolarized and thus stimulated,
the stimulation of the anode, through the
depolarization of the neuron, leads to a change in
the resting state of the neuron, and as a result, the
excitability of the desired area increases [29, 30],
while the area under the cathode is hyperpolarized
and inhibited [31]. In fact, the most important goal
of transcranial Direct Current Stimulation in the
prefrontal region is to modulate the neural activity
in this region of the brain in a path dependent on
neuronal polarity [32]. In this regard, the results
of the research of Jung et al. [33], Wong et al. [34],
Anderson et al. [35], as well as the study of Nejati
et al. [31] show that transcranial stimulation
by changing cell membrane transporters,
neurotrophic factors and as a result increase brain
capacity, changes the function of the desired area
and as a result improves the function related to
that area.

In another explanation, the review of the research
results of Dubreuil et al. [36] and Jung et al. [33]
shows that the cause of the effect of transcranial
Direct Current Stimulation can be explained by
increasing the release of dopamine, as a result of
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increasing the excitability of the prefrontal cortex,
which leads to improved cognitive performance.
Direct Current Stimulation increases excitability
in the prefrontal cortex, which may be caused
by an increase in glutamate levels. This amino
acid has much to do with memory and response
to stimuli, brain development, synaptic
flexibility, and learning [37]. Finally, the effects
of transcranial Direct Current Stimulation in
the prefrontal region of the brain, due to its
cumulative effect, can have a significant effect on
improving cognitive indicators such as attention,
inhibitory control, and active memory [38, 39],
which play vital roles in the performance of
martial arts athletes. The current research was
associated with limitations such as limited access
to the research sample, use of available sampling
methods, and lack of comparison of research on
women and men. Examining brain markers after
transcranial Direct Current Stimulation through
neuroimaging methods to examine brain changes
was also not possible due to its high cost. In future
research, it is suggested that the sample group
be conducted from other communities and other
sampling methods be applied to obtain more
detailed information about the cognitive abilities
of martial athletes. In addition, after transcranial
Direct Current Stimulation, it is suggested to use
neuroimaging methods such as fMRI so that brain
changes in the stimulation area can be checked.
Finally, considering the results of this research
and other research that indicate the effectiveness
of transcranial Direct Current Stimulation on
improving cognitive abilities, psychologists and
specialists are suggested to use this method as a
complementary method to improve the cognitive
ability of athletes.

CONCLUSION

Since transcranial Direct Current Stimulation
is generally effective in improving cognitive
abilities and their sub-components, such as
attention, memory, cognitive flexibility, social
cognition, decision-making, and planning, it can be
concluded that this intervention can be used as an
effective non-pharmacological method to improve
the abilities of martial athletes.
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According to the current research on the
effectiveness of Direct Current Stimulation in
improving the cognitive abilities of martial
athletes, such interventions can be used in military
forces, especially martial artist workers.
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