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ARTICLEINFO ABSTRACT

Keywords: Background: The difference between the performances of Sports Champions more than other times

Electrical Stimulation, relates to their mental fitness and one of the important factors affecting mental fitness, physical fitness

DLPFC, and even performance is Stressor conditions. Given that tDCS provides potential tools for enhancing

Accuracy, performance in many areas, there is limited exploration for complex skills.

Visual Attention, Aims: The aim of this study was evaluate the effect of direct transcranial electrical stimulation

Stressor (tDCS) in the DLPFC area on performance and visual attention of sitting volleyball players under
Stressor.

Methods: In this blind randomized control trial with pre-test-post-test research plan and follow-up
period of 2, 4 and 6 days, 24 athletes of the Premier League and national sitting volleyball team of
the country were selected as a voluntary participation, and they randomly located in 2 groups of
TDCS in the DLPFC region and sham stimulation. The task of the current study was the test of the
modified Volleyball Service, in which the participants performed 10 attempts in the pre-test, which
visual attention were recorded using the eye tracking device. The intervention phase was performed
on 6 consecutive days, in which the participants performed 10 volleyball services every day after the
desired exercises. Post-test phase was performed immediately after the intervention. 48 hours after
the post-test phase, the first retention phase, 48 hours after the first retention phase, the pressure test
phase and 48 hours after the pressure test phase, the second retention phase which was performed in
which the participants performed 10 attempts in the pre-test, which visual attention were recorded
using the eye tracking device.

Results: The results of mixed variance showed that tDCS exercises in DLPFC area have a significant
effect on improving service accuracy under normal conditions and pressure test (P<0/01). It also
showed that tDCS exercises in DLPFC area have a significant effect on increasing participants' visual
attention under normal conditions and pressure testing (P<0/01).
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Introduction

The studies in sport psychology covers two main
objectives: to understand how psychological factors
affect the athletic performance of a participant while
practicing or competing in sport events. In addition,
to understand how participation in sport and exercise
events affect the psychological development and
well-being of participants (Weinberg & Gould,
2014). One of the roles of sport and exercise
psychologists is consulting with athletes and teams to
develop psychological skills, for instance through a
mental training program, for enhancing athletic
performance in trainings and competitions (Vealey,
2007). One of the advanced techniques in this field is
transcranial excitation with direct electric current
(tDCS), which has shown promising results (Banisi
and Magleton, 2013).

tDCS is a non-invasive method in which a weak direct
current (1to 4 mA) is applied to the scalp, using long-
term changes in cortical polarity due to polarization
and polarity of neurons and the effect
Neurotransmitters are produced (Oheno et al., 2008).
One of the stimulation regions of tDCS is the DLPFC
region. Studies in this area have shown that DLPFC
stimulation maintains alertness and attention
(McKinley et al., 2013). Stimulation of tDCS in the
DLPFC region is also associated with improved
visual search (Bolginini et al., 2010). In exercise-
based literature, special measurements to efficient
visual attention control, quiet eye, have been
investigated to objectively assess spatial and temporal
coordination of gaze and movement control (visual-
motor control) (Vickers, 2009). The quiet eye focuses
as a final fixation on a unique place or object that
occurs before the critical phase of motion begins and
ends with a gaze deviation of more than 3 degrees and
a duration of more than 100 milliseconds from the
target (Vickers, 2007). The quiet eye has also been
adopted as a criterion for controlling optimal visual
attention in visual-motor tasks (Vickers, 2016). In the
field of tDCS intervention on visual attention or quiet
eye, Harris et al. (2019) showed that stimulation of
visual and motor cortex and frontal area had no
significant effect on visual attention (quiet eye) of
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golf put hit. Given that tDCS provides a potential tool
for performance enhancement in many areas, there
are several gaps in this area. First, with a researcher
searching in the databases did not find a study with
the effect of tDCS on the performance of sports skills
in stressful conditions. Second, there has been limited
exploration of complex skills (Zhou et al., 2015). As
in the study of Harris et al. (2019), tDCS training had
no effect on visual-motor ability (golf put hit). Third,
Pixa and Pollock (2018) believe that the impact of
tDCS can vary according to the needs of the task, such
as the complexity and ability level of the participants.
Therefore, more studies in this field in different
abilities and different subjects are important.
Therefore, considering the effect of visual attention
on improving athletic performance and considering
the existing necessities due to the contradictions of
previous studies, the researcher in this study intends
to examine the effect of direct transcranial electrical
stimulation (tDCS) in the DLPFC area on the
performance and visual attention of volleyball players
sitting under stressful conditions.

Method

The method of the current study was quasi-
experimental and the design of the current study was
pre-test-post-test and follow-up period of 2, 4 and 6
days. The participants of the current study were 24
athletes of the Premier League and national sitting
volleyball team of the country who were selected as a
voluntary participation. Participants were randomly
assigned to the DLPFC stimulation group (N=12) and
the sham group (N=12). In this study, transcranial
direct electrical stimulation (tDCS) device was used
to electrically stimulate the brain. In addition, the
Dikablis Professional Wireless Ergoneers Eye
tracking device, made by the German company
ERGONEERS, was used to record the participants'
visual attention. In addition, the third version of the
Mental Readiness Form (Crane, 1994) was used to
correct the stress and anxiety created. The task of this
research was the modified test of AAHPERD
volleyball service for sitting volleyball, which was
performed in a standard environment. In this method,
the participants performed 10 volleyball service
attempts, which used the AAHPERD scoring scale to
measure the accuracy of the services. The current
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study was performed in five phases: pre-test, post-
test, short-term follow-up, stress test and long-term
follow-up. Participants performed 10 simple services
in the pre-test phase. The intervention phase was
performed for 6 consecutive days. The tDCS
intervention of the DLPFC region is that the anode
electrode is located at F3 and the cathode electrode is
placed at F4. Immediately after the last training
session (day 6), the post-test phase was performed. 48
hours after the post-test phase, the first (short-term)
follow-up phase was performed in which participants
performed 10 services. In the test under stress 48
hours after the first (short-term) follow-up phase,
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participants performed 10 service attempts under
stress with the aim of manipulating the level of
cognitive anxiety. 48 hours after the stress test, the
third follow-up phase was performed in which the
participants performed 10 services. At each phase of
the research, at the same time as serving, the
participants' visual attention was measured using an
eye tracking device. Data analyzed with mixed
ANOVA.

Results
Table 1 presents statistical indicators related to
research variables in different groups.

Table 1. Statistical indicators of accuracy and quiet eye of a simple volleyball service in different groups

Post test

First retention Stress test Second retention

Variable Group Pre test
Accuracy PDPFC 28.41+2.46
Sham 29.50+2.81
Quiet eye (ms) PDPFC  452.75+20.97
Sham 451.66+31.28

35.83+2.88

30.66+2.49
499.16+35.62
450.41+30.87

35.08+3.34 35.50+3.58 35.33+2.83

30.25+2.95 27.41+5.16 31.00+2.86
523.25+38.43  494.08+36.75 526.00+28.06
453.25+26.68  414.66+47.77 452.66+21.76

One way ANOVA with repeated measure on the
measurement time revealed a significant group by
measurement time interaction for accuracy (F (4, 56)
=6.30, p <0.01, np2 = 0.22). Post hoc analyses of the
between group effects revealed there was no
significant difference between the DLPFC and sham
groups at pre-test phase for accuracy (p = 0.32, mean
difference = 1.08). However the DLPFC group had
significantly better accuracy at post test phase (p <
0.01, mean difference = 5.16), first retention phase (p
< 0.01, mean difference = 4.83), stress test phase (p <
0.01, mean difference = 8.08), and second retention
phase (p < 0.01, mean difference = 4.33). Within
group post hoc analyses revealed no significant
improvements in acuuracy (p > 0.05) for the sham
group throughout the test phases. However the
DLPFC group significantly increased their accuracy
from pre test to post test (p < 0.01), first retention (p
< 0.01), stress test (p < 0.01), and second retention (p
< 0.01), and they were able to maintain this increase
as there was no significant difference from stress test
to post test (p > 0.05), first retention (p > 0.05) and
second retention (p > 0.05).

Other results indicated that a significant group by
measurement time interaction for quiet eye (F (4, 56)
=5.75, p<0.01, np2 = 0.20). Post hoc analyses of the
between group effects revealed there was no

significant difference between the DLPFC and sham
groups at pre-test phase for quiet eye (p=0.92, mean
difference = 1.08). However the DLPFC group had
significantly longer quiet eye at post test phase (p <
0.01, mean difference = 48.73 ms), first retention
phase (p< 0.01, mean difference = 70.00 ms), stress
test phase (p< 0.01, mean difference = 79.41 ms), and
second retention phase (p< 0.01, mean difference =
73.33 ms). Within group post hoc analyses revealed
no significant improvements in quiet eye (p > 0.05)
for the sham group throughout the test phases.
However the DLPFC group significantly increased
their quiet eye from pre test to post test (p < 0.01),
first retention (p < 0.01), stress test (p < 0.01), and
second retention (p < 0.01), and they were able to
maintain this increase as there was no significant
difference from stress test to post test (p>0.05), first
retention (p>0.05) and second retention (p>0.05).

Conclusion

The results of the current study can be examined from
two aspects. First, the results of the current study
showed that direct transcranial electrical stimulation
(tDCS) of the DLPFC area has a significant effect on
performance and visual attention (quiet eye) of the
simple service of sitting volleyball players and
improves performance and increased the length of the
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participants's quiet eye period. This finding is directly
inconsistent with the findings of Harris et al. (2019),
but in indirect studies, studies in this area have shown
that DLPFC stimulation maintains alertness and
attention (McKinley et al., 2013). Stimulation of
tDCS in the DLPFC region is also associated with
improved visual search (Bolginini et al., 2010).
Theories and hypotheses for the effect of tDCS on the
performance and learning of sports skills have been
reported the most important of which are the
simultaneous firing of neural, non-synaptic
mechanisms and synaptic mechanisms (Ballard et al.,
2019). Second, the results of the current study showed
that tDCS stimulation in the DLPFC region did not
impair the performance and visual attention (quiet
eye) of the participants in the stress test, which
resulted in the effect of tDCS stimulation in
Emphasizes the DLPFC area in stressful and anxious
situations. Andal tDCS may improve fatigue by
reducing intracranial GABA activity. This reduction
can act as a compensation for central arousal disorder
or allow individuals to regain new motor skills during
exercise. Overall, the results of the current study
showed that transcranial electrical stimulation from
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the DLPFC area has a significant effect on the
accuracy and visual attention (quiet eye) of a simple
volleyball service and causes a significant increase in
accuracy and length of the quiet eye period, and the
results were transferred to the stress test.
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