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Abstract

The purpose of the present study was to investigate the effect of sport vision and tDCS
training on the short-term visual memory and recognition memory of volleyball players.
Thirty-six male volleyball players (aged between 18-27 years) were selected using the
convenience sampling method. Then, they were randomly divided into three groups:
control, sport vision, and tDCS training groups. To measure visual function, a pack of
KANTIB software tests was used. The sport vision and tDCS training in intervention
groups lasted for ten 20-minute sessions. A post-test was performed for both groups after
10 sessions of electronic stimulation of the skull indirectly. The covariance analysis test
and Bonferroni post hoc test were used to analyze the results. The results of the present
study showed a significant effect of tDCS training on volleyball players' vision compared
to sport vision training. It can be concluded that tDCS training in the present study was
suitable for improving visual function in both short-term visual memory and recognition
memory. It could be used as an intervention method to improve volleyball players’ visual
function.
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Extended Abstarct

Background and Purpose

The purpose of the present study was to investigate the effect of sport vision and
tDCS training on the short-term visual memory and recognition memory of
volleyball players. The vision system is one of the main sensory systems involved
in the implementation of many sports skills, whose performance can be evaluated
by measuring several skills. The evidence indicates that the visual system can be
improved through special visual exercises like other body systems, so that the
visual system, like the musculoskeletal system, will respond well to the principle
of overload. Considering the role of the visual system in the superiority of elite
sportsmen, the contradictory results of previous researches and a dearth of studies
done on improving the visual performance of volleyball players using visual-
sports exercises and tDCS, it seems necessary that this study deals with the effects
of sports visual training and tDCS on visual short-term memory and spatial
recognition memory of volleyball players.

Materials and Methods

This study was quasi-experimental research with a pre-test-post-test design and
a control group. Thirty-six male volleyball players with the age range of 18 to 27
years participated in this study.

Oasis Pro device (product of Mind Alive, Canada) was used for direct electrical
stimulation of the brain. Based on previous studies, the primary visual cortex (V1)
region was selected as the region receiving the stimulation. In the pre-test, the
visual short-term memory test and the spatial recognition memory test of the
volleyball players were measured as a pre-test using the instructions of the
CANTAB software. In the visual short-term memory test, which evaluates the
ability of perceptual adaptation and visual memory in recognizing four selected
patterns, the participants were shown a complex visual pattern and after a short
delay, four other complex patterns were shown. The participants should choose
the pattern that matches the sample pattern or the pattern shown at the beginning,
from among the four displayed patterns. In order to measure spatial recognition
memory, several white squares were shown on the screen with different locations
and the participants were required to choose a white square with a location similar
to the pattern shown in the previous stage. The exercises used in this study
included light stimulation, spiral rotation, string attached to the ball, swinging ball
exercise, chasing the ball with the finger, rotating colors, and flipping cards. The
mean and standard deviation of the data were calculated using descriptive
statistics. To determine the normality of data distribution, the Shapiro-Wilk test
was used. To check the homogeneity of variances, Levene’s test, one-way analysis
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of covariance and Bonferroni's posthoc test were used to analyze the effect of
independent variables on dependent variables.

Findings

The findings showed that there is a significant difference between the tDCS group
and the sports visual training group as well as the control group. Therefore, it can
be claimed that tDCS can improve the performance of the visual system. In their
systematic review, the findings of Teixeira (2015), Teo (2011) and Makweini
(2011) are in alignment with those of the present study, showing a significantly
positive effect of tDCS on improving the visual dimension of memory. In
explaining the effect of tDCS on visual performance, it can be said that tDCS
stimulation, by changing the excitability of neurons and shifting the membrane
potential of surface neurons in the direction of depolarization or
hyperpolarization, causes more or less brain cells to fire. As a result, the function
of brain neurons increases or decreases. Since the focus of tDCS stimulation on
the skull is somewhat limited, therefore its functional effects appear directly in
the limited area under the electrodes. It depends on the stimulation and the
stimulated area in the brain. The perspective of dynamic systems considers the
environment as an important factor in the development of motor skills and
emphasizes that the factors affecting motor development include the
characteristics of the motor task in relation to individual (biological and hereditary
factors) and environment (factors of experience and learning). These factors are
effective in the development of stable motor abilities, motor and manipulation
skills. In the theory of dynamic systems, preliminary motor abilities are not so
limited genetically as they cannot be adjusted. The results of the present study
probably indicate the fact that electrical stimulation leads to the functional
development of the sensory systems involved, so that by the disruption of one of
the sensory inputs, the other sensory systems can provide appropriate feedback.
In other words, the presentation of tDCS stimulation in the present study reduces
the dependence on visual input and even neutralizes the effect of wrong visual
input.

On the other hand, studies show that during a memory-related task, dopamine
increases in the prefrontal areas. In other words, an increase in surface excitability
in the prefrontal cortex causes an increase in dopamine release, which itself
improves working memory. Dopaminergic stimulation may be necessary to
maintain the activity of the prefrontal cortex and the working memory process.
Thus, anodal tDCS improves the effects of stimulation, which probably increases
the levels of glutamate, an amino acid associated with working memory and
recognition memory.
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Conclusion

The present study’s findings are not in agreement with most of the results of
previous studies that used intervention programs to improve visual memory.
Ahmed et al. (2010) who investigated the effectiveness of vision training on a
number of vision skills and visual perception skills concluded that the vision
training program has a positive effect on improving visual and cognitive skills. In
general, the results of the present study showed that direct electrical stimulation
of the brain can be effective as a new method in addition to physical exercise in
improving visual performance, which ultimately leads to better motor
performance. Therefore, according to the study’s findings, it is suggested that
coaches at the high level of competition should use direct electrical stimulation in
addition to physical exercise in order to improve cognitive and motor
performance.
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