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Section III - Sports and Physical Activity

The Effects of EEG Biofeedback Training
on Visual Reaction Time in Judo Athletes

by
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Aleksandra Mostowik !, Adam Maszczyk 1*

The aim of the study was to expand the current knowledge on the effects of EEG biofeedback training on the
reaction time of judo athletes, as well as to develop an optimal EEG training protocol in terms of the number of sessions
and their duration that would significantly improve the reaction time of athletes. The study included 24 male athletes
from the national team of the Polish Judo Association. The selected group was randomly divided into two subgroups:
experimental and control. The study was conducted in four cycles varying in terms of frequency and duration of
neurofeedback (NFB) sessions, both in the control and experimental groups. In the experimental group, each training
cycle consisted of 15 sessions, followed by a four-week break. The effects of NFB training on the visual reaction time of
judo athletes were evaluated using computerized simple and complex reaction time tests along with selected trials of the
Vienna Test System (VTS). Following NFB training according to the theta/betal protocol, while maintaining appropriate
duration and frequency of individual training sessions, statistically significant improvements in reaction times to visual
stimuli of athletes, both in simple and complex tasks, were observed in the experimental group. No such changes were
found in the control group. The greatest improvement in reaction times was observed in complex tasks, indicating the
high effectiveness of EEG biofeedback training in enhancing this ability.
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Introduction

Since its inception in the 1960s, the concept
of biofeedback has found diverse applications in
fields such as  psychology,
parapsychology, business, and sports to enhance
athletes' performance. One of the widely used
biofeedback techniques is EEG biofeedback
training  (Electroencephalography), commonly
known as neurofeedback (NFB) (Razran, 1961;
Rostami et al., 2012).

NFB represents a more sophisticated form of
biofeedback, employing a technological self-
regulating stimulation method to restore brain

medicine,

functioning patterns and improve cognitive,
emotional, and behavioral performance (Gong et

al., 2021; Salimnejad et al., 2019). The analysis of
EEG signals, captured using electrodes placed on
the subject's scalp, is graphically presented and
displayed on a monitor screen, providing feedback
on the current changes occurring in their brain. The
core principle of EEG biofeedback lies in the
assumption that the brain's bioelectrical activity
reflects the subject's emotional states and can be
controlled and modified through training
(Artymiak et al.,, 2017; Salimnejad et al., 2019).
NFB utilizes measured changes in brain
activation to assist athletes in regulating the
activity or power of designated EEG frequency
bands, offering them real-time activation
information (Brito et al., 2022; Paret et al., 2019).
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EEG has been used in various studies to assess
neuronal activity dynamics in the cerebral cortex,
with different brain waves recorded, including
theta (4-8 Hz), alpha (10-12 Hz), beta (22-15 Hz),
and sensorimotor rhythm (12-15 Hz). These waves
have been proven useful in understanding the
enhancement of cognitive-motor processes
(Sherlin et al., 2015). Research conducted among
athletes in various sports disciplines such as golf,
tennis, archery, soccer, and judo has demonstrated
that the development of skills in producing specific
cortical activity patterns through NFB training
positively affects their efficiency and sports
performance (Chung et al., 2021; Landers et al,,
1994; Maszczyk et al., 2018, 2020; Saha et al., 2014).

In sports like judo, where visual attention
and its contribution to decision-making and motor
response planning are crucial for success, a high
level of concentration and the ability to quickly
react to visual stimuli are particularly important.
Thus, it is recommended to focus on improving
these skills in the training process of judokas,
enhancing their visual processing mechanisms and
response time to stimuli (Mirifar et al., 2018).

Reaction time, i.e., the time elapsed from
perceiving a stimulus to reacting to it, serves as an
indicator for assessing the internal cognitive-motor
associated ~ with an  athlete’s
performance. Parsaee et al’s (2018) and
Pourbehbahani et al’s (2023) studies, which
assessed the impact of NFB training on visual and
auditory reaction time, revealed that NFB
effectively improved brain functions in terms of
visual and auditory reaction time.

The objective of the present study was
twofold: first, to expand the current knowledge on
the effectiveness of EEG biofeedback training to
improve the reaction time of judo athletes, and
second, to develop an optimal EEG training
protocol in terms of the number of sessions and
their duration to significantly enhance the reaction
time of the studied judokas.

Methods

resources

Participants

The study involved 24 male athletes from
the national team of the Polish Judo Associationin
the southern region of the country, aged between
22 and 25 years. Subsequently, the group was
randomly divided into two subgroups:
experimental (n = 12) and control (n = 12). All
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participants received information about the study's
objectives and procedures, they were also
informed that they could withdraw from the study
at any stage. The research was approved by the
Bioethics Committee for Scientific Research at the
Jerzy Kukuczka Academy of Physical Education,
Katowice, Poland and was conducted as part of the
grants (N RSA4 04054).

Research Procedures

The study was conducted in four cycles,
with variations in the frequency and duration of
NFB sessions for both the control and experimental
groups. In the experimental group, each cycle
consisted of 15 training sessions, followed by a
four-week break, following the modification of
Thompson's training (Thompson and Thompson,
2005). The duration of training sessions was
modified from Dupee's training (Dupee et al.,
2016), with 10 min and 4 min in successive rounds
of the study.

The primary training protocol employed in
the experimental group focused on theta/betal
training, with the objective of improving
concentration and attaining a state often referred to
as "narrow attention" among athletes. The control
group underwent an identical training regimen to
the experimental group, with the same cycle,
duration, and frequency of NFB training sessions.
However, in the control group, instead of
implementing the theta/betal protocol, an EEG
simulation was displayed that was independent of
the brain wave patterns generated by athletes.

Before initiating the first training cycle and
after completing each subsequent one, simple and
complex reaction time tests were conducted in both
research groups.

EEG Biofeedback Training

EEG biofeedback training, also known as
NFB training, was conducted using Biograph
Infiniti 6.0 software and a 5-channel decoding
device (ProCompb). The EEG sensor used in this
setup allowed for high-quality signal reception
with minimal noise content. The device's quality
was confirmed through ISO certification and CE
medical certification. Before recording the EEG
signal, the impedance levels of the electrodes and
interelectrode impedance were checked using a
built-in impedance sensor.

To initiate the diagnosis and NFB training,
the requirement was to achieve an impedance level
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below 5 kQ and a difference of no more than 1 kQ)
between electrodes. Each training session in the
individual cycle began with a 3-min single-channel
EEG diagnosis using three reference connections.
During this phase, the participant was instructed
to perform specific tasks, including sitting with
eyes open for one minute, sitting with eyes closed
for one minute, and sitting with eyes open while
counting backwards by 7 from 100.

For the diagnosis, the reference electrode
was placed on the left ear lobe, grounded on the
right, and the active electrode at point Cz,
following the international 10-20 system. During
NFB training, the active electrode was placed at
point C3, which allowed the main training
objective to be achieved. This objective was to
shape the ability of athletes to maintain an optimal
balance between fast (beta) and slow (theta) waves,
which are responsible for achieving a state of
concentration and focus.

Throughout each NFB session, the
percentage of time spent above the threshold was
monitored. This measurement served as the
primary indicator of the participant's progress and
allowed for the optimization of the training
difficulty level for each athlete.

During NFB training sessions, real-time
feedback was provided to athletes based on their
brainwave activity. The main focus was on shaping
their ability to enhance the balance between beta
and theta waves to achieve an optimal state of
concentration and focus. The employed software
allowed athletes to visualize their brainwave
patterns on a computer screen during training.

NFB training consisted of multiple cycles,
and each cycle comprised several sessions. In the
experimental group, each cycle included 15
training sessions, followed by a four-week break,
as mentioned earlier. The duration of training
sessions varied across successive rounds of the
study, with sessions lasting 10 min and 4 min
alternately, as per the modification of Dupee's
training method. Throughout NFB training,
researchers closely monitored the percentage of
time that athletes spent above the predetermined
threshold for beta and theta waves. This measure
served as the primary indicator of their progress
and allowed researchers to adjust the difficulty
level of training for each individual, ensuring that
training was tailored to their specific needs and
responses.
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The goal of NFB training in the experimental
group was to increase concentration and achieve
what is known as "narrow attention" in athletes.
This enhanced the ability to focus and maintain the
optimal balance of brainwave activity what could
potentially lead to improved athletic performance.

In the control group, NFB training sessions
followed the same schedule, duration, and
frequency as the experimental group. However,
instead of using the theta/betal training protocol,
the control group underwent an EEG simulation
that was independent of their actual brainwave
patterns. This setup allowed researchers to assess
the specific effects of the theta/betal protocol used
in the experimental group compared to a non-
specific EEG simulation.

Before commencing the first cycle of
sessions and after completing each subsequent
one, both research groups underwent simple and
complex reaction time tests. These tests were
conducted to assess any changes in reaction times
and cognitive performance resulting from NFB
training in both the experimental and control
groups.

Overall, EEG biofeedback training with the
theta/betal protocol aimed to explore the potential
benefits of this specific training method for
athletes' concentration and focus (Christie and
Werthner, 2015; Chung et al., 2021; Landers et al.,
1994; Maszczyk et al., 2018, 2020; Saha et al., 2014).
The results of the study could have implications for
optimizing athletic training programs and
enhancing athletes’ mental and cognitive
capabilities.

Visual Reaction Time Tests

The study aimed to investigate the impact of
NFB training on the visual reaction time of judo
athletes. To assess this, computerized simple and
complex reaction time tests were conducted, along
with selected trials from the Vienna Test System
(VTS). The tests were carried out in the morning,
ensuring optimal conditions for concentration
during the tasks. Each trial was repeated twice at
5-min intervals, and the better of the two
measurements was recorded for subsequent
analysis.

The computerized simple reaction speed test
consisted of athletes pressing a specified key on the
keyboard with either their right or left hand as
quickly as possible when a bright square appeared
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on the monitor screen. The complex reaction time
task required pressing a key on the keyboard
promptly in response to the location of the square
that appeared on the screen. Different keys were
used for squares in the right or left position and for
squares in the central position. In both tests, the
signal appeared 10 times, with intervals ranging
from 2 to 6 s. The time from the appearance of the
stimulus to the key press was measured with high
accuracy of 0.001.

For the measurement of simple reaction time
to visual stimuli, a reaction speed measuring
device (RT) component of the VIS was used. The
participant's task was to move their hand as
quickly as possible from the "rest key" to the
"reaction key" when a yellow LED was lit. The
mean reaction time in seconds was then calculated
based on the data obtained from the tests.

Complex reaction time was assessed using a
decision-making device (DG) integrated into the
VTS. In this trial, athletes were tasked with swiftly
pressing the corresponding key based on the LED's
color that illuminated when the stimulus was
presented. The software recorded both correct and
incorrect responses, the average reaction time, and
the standard deviation of the mean reaction time.
The signal was presented 15 times during this
testing phase. By analyzing the results from these
computerized tests, researchers sought to
determine whether NFB training had any
significant effect on the visual reaction time of judo
athletes.

Research Cycles

The first research cycle comprised 15
training sessions, conducted every other day, with
each session lasting 10 min. In the second research
cycle, the training frequency increased, while the
duration of each session decreased. Training
sessions were held daily, and each session lasted 4
min. In the third research cycle, training sessions
took place daily, yet their duration was increased
to 10 min. Finally, the fourth research cycle
consisted of 4-min training sessions held every
other day. All four research cycles were
interspersed with a four-week break.

During each training session in all cycles, the
percentage of time spent above the threshold was
closely monitored. This threshold was adjusted
upward for reinforced waves and downward for
inhibited waves. Such an adjustment ensured that
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the level of difficulty of NFB training was optimal
and tailored to individual progress.

Overall, the study adopted a progressive
approach, modifying the frequency and duration
of training sessions across different cycles. By
varying these factors, the researchers aimed to
assess the effectiveness of NFB training and
determine the most suitable training protocol for
enhancing  athletes'  cognitive  functions,
specifically visual reaction time, and potentially
improve their overall performance in judo
competitions.

Statistical Analysis

Descriptive statistics, including arithmetic
means, standard deviations, and coefficients of
variation, were calculated. The normality of
variable distribution was checked using the
Shapiro-Wilk test. Additionally, the Levene's test
was applied to assess the homogeneity of variance
among the variables and determine appropriate
statistical tools for further analysis. The test results
indicated that all variables had a normal or close-
to-normal distribution (p > 0.05).

However, it was observed that the groups
lacked homogeneity of variance for all variables
before training, as determined by the Levene's test.
Nevertheless, after training, the values of variables
in both groups became homogeneous which was
verified using the Levene's test.

To test hypotheses related to differences
between the values of individual variables
describing intergroup and intragroup
relationships, ANOVA was used. The F-statistics
and significance levels (p < 0.05) were presented.
When significant differences were found, Tukey's
post-hoc tests were performed for equal sample
sizes (N).

The researchers calculated the mean reaction
times for both simple and complex reaction time
tasks in each group. Changes in reaction time,
accuracy, and variability among the athletes were
examined. The data analysis aimed to determine if
there were any significant differences between the
two groups after NFB training.

All the statistical calculations were
performed using the Statistica 12.0 (Statsoft) and
the Excel package (Microsoft Office 13).
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Results

After conducting individual training cycles
using the EEG biofeedback method, statistically
significant differences were observed between the
control and the experimental group in the results
of simple and complex reaction times in selected
trials of the VTS (Figures 1 and 2).

ANOVA (p < 0.05) revealed differences in
the values of the investigated variables of simple
and complex reaction speeds in selected trials of
the VTS before and after the application of
individual cycles using the EEG
biofeedback method in the experimental group
(Figures 3 and 4).

Figure 5 presents a graphical visualization of

training

the test-related improvements in simple and
complex reaction times before and after the
conducted EEG biofeedback training cycles in
selected trials of the VTS.

The post-hoc Tukey's Honestly Significant
Difference (HSD) test indicated significant
differences in the obtained simple reaction times in
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selected trials of the VTS between the third and
fourth cycles compared to the first cycle of EEG
biofeedback training. However, no significant
difference was observed between the fourth and
second training cycles. It can be clearly stated that
significant improvement in simple reaction time
occurred after the third and fourth cycles.
Significant differences were noted between the
examined variables of complex reaction speed in
selected trials of the VTS in relation to the
experimental group before the individual NFB
training cycles. The analysis of results indicates
significant linear differences between the recorded
complex reaction times in selected trials of the VTS
between the third and fourth cycles compared to
the first cycle of NFB training. However, no
significant difference was found between the third
and second cycles or between the first and second
training cycles. It can be concluded that significant
improvements in complex reaction time occurred
after the third training cycle, and especially after
the fourth cycle of NFB training (Figures 6 and 7).

After IV training cycle
Vienna Test System
Simple reaction times

After Il training cycle
Vienna Test System
Simple reaction times

After Il training cycle
Vienna Test System
Simple reaction times

After | training cycle
Vienna Test System
Simple reaction times

0.100

Reaction time, s.

Figure 1. Graphic presentation of simple reaction time results obtained in the experimental and control
groups after each EEG biofeedback training cycle.
CG: control group; EG: experimental group; *: p < 0.05
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Figure 2. Graphic presentation of complex reaction time results obtained in the experimental
and control groups after each EEG biofeedback training cycle.
CG: control group; EG: experimental group; *: p < 0.05
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Figure 3. Graphic presentation of differences in simple reaction time results obtained before and
after EEG biofeedback training cycles in the experimental group. *: p < 0.05
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Figure 4. Graphic presentation of differences in complex reaction time results obtained before
and after EEG biofeedback training cycles in the experimental group. *: p < 0.05
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Figure 5. Visualization of improvements in simple and complex reaction times after each cycle of EEG
biofeedback training in selected Vienna Test System tasks in the experimental group. *: p <0.05
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Figure 6. Graphic visualization of differences in Figure 7. Graphic visualization of differences in
simple reaction time test results in selected Vienna complex reaction time test results in selected Vienna
Test System tasks between individual cycles of EEG Test System tasks between individual cycles of EEG

biofeedback training in the experimental group. biofeedback training in the experimental group.
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Discussion

The introduction of modern arousal
management techniques in mental training of
athletes, such as EEG biofeedback training, and the
development of optimal training protocols to
enhance athletes' potential, can be useful tools in
the field of sports psychology. Prior research
suggests that athletes can acquire the ability to
produce and sustain particular neural brain
activity patterns linked to improved performance
through EEG biofeedback training (Blumenstein
and Orbach, 2012, 2012a; Lansbergen et al., 2010;
Maszczyk et al., 2018). Therefore, the present study
aimed to investigate the effects of EEG biofeedback
training on the reaction time of judo athletes and to
develop an optimal training protocol for
improving reaction times. The innovation of the
applied NFB training protocol was its
implementation in four cycles, with varying
duration and frequencies of individual training
sessions, ensuring alternative measurement
conditions to identify the most favorable
configuration. The study showed that athletes in
the experimental group achieved a statistically
significant improvement in simple and complex
reaction times after each training cycle as a result
of implementing the theta/betal protocol. No such
changes were observed in the control group. In
another study among judo athletes, the most
significant decrease in simple reaction times was
attained after the second training cycle, during
which training sessions were held every other day
for 4 min (Maszczyk et al., 2020). Moreover, in a
study involving members of the Canadian
National Speed Skating Team, significant
improvements in reaction time were observed
between the fourth and fifth (last) weeks of
training, involving two training sessions per week
(Harvey et al, 2011). This confirms previous
findings indicating that athletes can learn to
generate specific brain neural activity that leads to
increased performance (Engelbregt et al., 2016), as
well as complements existing analyses on the
positive impact of using different forms of
biofeedback training on visual perception and the
reduction of athletes' reaction times (Christie and
Werthner, 2015). The obtained results are also
consistent with previous reports suggesting that by
strengthening betal activity and inhibiting theta
waves over the motor cortex, processes related to
visual attention are improved. Thus, it may be
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concluded that NFB training can significantly
improve reaction time in athletes.

The results of the present study clearly
demonstrate the positive effects of NFB training on
the reaction times of judo athletes. The
experimental group, which underwent NFB
training according to the theta/betal protocol,
showed significant improvements in reaction
times to visual stimuli, both in simple and complex
tasks. On the other hand, no such changes were
observed in the control group, which did not
receive NFB training. These findings support
previous research that has shown the potential
benefits of EEG biofeedback in enhancing
cognitive-motor processes and improving sports
performance (Chung et al., 2021; Landers et al,,
1994; Maszczyk et al., 2018, 2020; Saha et al., 2014).

Our findings indicate that NFB training can
be particularly effective in improving complex
reaction times, which are crucial in sports like judo
where quick decision-making and response
planning are essential for success. This
improvement in complex tasks highlights the high
effectiveness of EEG biofeedback training in
enhancing  cognitive  abilities related to
concentration and focus (Christie and Werthner,
2015; Engelbregt et al., 2016).

The study's contribution to the existing
literature is valuable as it provides insights into the
practical application of EEG biofeedback training
in sports performance enhancement. The
development of an optimal training protocol based
on EEG measurements offers a structured and
systematic approach to improving reaction times
in athletes. Such information can be beneficial for
coaches, trainers, and sports psychologists
working with judo athletes or other sports
disciplines where quick reactions and focus are
crucial for success.

However, there are certain limitations of the
study to be considered. Firstly, the sample size was
relatively small, consisting of 24 male judo athletes
from a specific region. A larger and more diverse
sample would increase the generalizability of the
findings. Additionally, the study focused solely on
male athletes. Future studies could include female
participants to understand potential gender
differences in the response to NFB training.

Furthermore, the study did not explore the
long-term effects of NFB training beyond the four
training cycles. It would be interesting to
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investigate whether the improvements in reaction
times are sustained over time or whether
additional training sessions are needed to maintain
the obtained benefits.

This study provides valuable insights into
the effectiveness of EEG biofeedback training in
improving the reaction times of judo athletes. The
results suggest that NFB training can be a useful
tool in sports performance enhancement,
particularly for tasks requiring quick reactions and
focused attention. Coaches can use this knowledge
to design targeted training protocols for athletes,
aiming to improve their cognitive-motor processes
and achieve better sports results. However, further
research with larger and more diverse samples is
needed to validate and extend these findings
(Chung et al., 2021; Saha et al., 2014).

Future research in the field of EEG
biofeedback training and sports performance
could explore several areas of interest. Firstly, as
mentioned earlier, investigating the long-term
effects of NFB training is essential. A longitudinal
study tracking athletes' reaction times over an
extended period, even beyond the training cycles
used in this study, would provide valuable
insights into the sustainability of the obtained
improvements. Understanding whether the
benefits persist over time or if periodic booster
sessions are required for maintenance would help
optimize training protocols.

Secondly, it would be beneficial to examine
the transferability of the improved reaction times
to actual sports performance. While NFB training
has been proven effective in enhancing cognitive-
motor processes, it is essential to determine
whether these improvements translate into real-
world situations during judo competitions or other
sports events. Observing athletes' reactions in live
competitions, as well as their success rates in
executing specific moves or strategies, would
provide a more comprehensive assessment of the
training's practical benefits (Landers et al., 1994;
Maszczyk et al., 2018, 2020).

Additionally, expanding the scope of the
study to include other sports disciplines would be
valuable. Different sports require distinct cognitive
and motor skills, and NFB training may have
varying effects on athletes from different sports
backgrounds. Investigating the impact of EEG
biofeedback on athletes in various sports, such as
team sports like soccer or individual sports like
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tennis, could lead to a better understanding of its
potential applications across different athletic
domains.

Furthermore, exploring the individual
differences in response to NFB training would be
worthwhile. Not all athletes may show the same
degree of improvement in reaction times after
training. Factors such as baseline cognitive
abilities, training adherence, and motivation could
influence the outcomes. Identifying individual
factors that contribute to training success could
help tailor NFB protocols to suit each athlete's
needs, making NFB training more personalized
and effective.

In terms of methodology, future studies
could consider incorporating control groups that
receive other forms of cognitive training or
traditional physical training without NFB.
Comparing the effects of NFB training to other
interventions would help establish its unique
contributions and advantages. Additionally, using
a double-blind experimental design, where both
participants and researchers conducting the tests
are unaware of group assignment, would
minimize potential biases and enhance the study's
internal validity.

Finally, advancing the technology used in
EEG biofeedback training could improve its
efficacy and practicality. Integrating real-time
biofeedback into wearable devices or mobile
applications would enable athletes to engage in
NFB training outside the Ilaboratory setting,
making it more accessible and convenient for
regular training sessions.

In conclusion, the study on the effectiveness
of EEG biofeedback training in improving the
reaction times of judo athletes has provided
valuable insights into the potential benefits of this
technique in sports performance enhancement.
The results suggest that NFB training can be a
useful tool in sports psychology for enhancing
cognitive-motor processes, particularly for tasks
requiring quick reactions and focused attention.
The development of an optimal training protocol
based on EEG measurements offers a structured
and systematic approach to improve reaction times
in athletes.

While the findings are promising, further
research with larger and more diverse samples is
needed to validate and extend these findings.
Investigating the long-term effects of NFB training,
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the transferability of improvements to real-world
sports performance, and potential gender
differences in the response to training would
contribute to a more  comprehensive
understanding of the technique's benefits.
Moreover, exploring individual factors that
influence training effectiveness and incorporating
control groups with alternative interventions
would strengthen the study's conclusions
(Maszczyk et al., 2018, 2020).

Overall, the study underscores the
potential of EEG biofeedback training as a valuable
addition to the toolkit of sports psychology,
providing a means to enhance athletes' cognitive
abilities and improve their sports performance. As
sports continue to become more competitive, the
pursuit of innovative and effective training
methods like NFB can give athletes a competitive
edge and help them reach their full potential.
Coaches and sports psychologists can utilize this
knowledge to design tailored training programs

that optimize cognitive-motor processes and foster
improved athletic performance in various sports
disciplines, not just judo. By continuously
exploring and refining the application of EEG
biofeedback training, sports science can continue
to evolve and contribute to the success of athletes
at all levels.

The results of the study provide valuable
insights into the potential benefits of NFB training
on cognitive functions, such as visual reaction
time, in athletes. It could also contribute to the
understanding of how NFB training may be
incorporated into athletic training programs to
optimize athletes' mental and cognitive abilities,
leading to better sports performance. Future
studies could build on this research and address
any identified limitations to further explore the
potential applications of NFB training in sports
performance and cognitive enhancement for
athletes.

Author Contributions: Conceptualization: M.P., A.T., G.T., and A.M. (Adam Maszczyk); methodology: M.P.,
AT, GT, MK. (Michat Krzysztofik), M.K. (Maciej Kostrzewa) and A.M. (Adam Maszczyk); software: A.T.
and A.M. (Adam Maszczyk); validation: M.P,, .M, J.P., G.T. and A.M. (Adam Maszczyk); formal analysis:
A .M. (Aleksandra Mostowik), A.M. (Adam Maszczyk) and M.P.; investigation: M.P., G.T. and A.T.; resources:
M.P, M, J.P, M. K. (Maciej Kostrzewa) and A.M. (Adam Maszczyk); data curation: A.M. (Adam Maszczyk),
AM. (Aleksandra Mostowik) and M.P.; writing—original draft preparation: M.P., G.T., A.M. (Aleksandra
Mostowik) and A.M. (Adam Maszczyk); writing—review & editing: M.P., G.T., A M. (Aleksandra Mostowik)
and A.M. (Adam Maszczyk); visualization: A.M. (Adam Maszczyk) and A.T.; supervision: M.P., JM., G.T.,
MK. (Michat Krzysztofik) and A.M. (Adam Maszczyk); project administration: A.M. (Adam Maszczyk);
funding acquisition: N/A. All authors have read and agreed to the published version of the manuscript.

ORCID iD:

Adam Maszczyk: 0000-0001-9139-9747

Michat Krzysztofik: 0000-0003-2797-8431

Jarostaw Markowski: 0000-0003-3416-7354

Jan Pilch: 0000-0002-2682-4708

Aleksandra Mostowik: 0000-0001-6536-4612

Funding Information: This research received no external funding.

Institutional Review Board Statement: This study was conducted following the principles of the Declaration
of Helsinki, and approved by the Ethical Committee of the Jerzy Kukuczka Academy of Physical Education in
Katowice (approval code: 07/2019; approval date: 03 July 2019).

Informed Consent: Informed consent was obtained from all participants included in the study.

Conflicts of Interest: The authors declare no conflict of interest.

Journal of Human Kinetics, volume 89/2023 http://www.johk.pl




by Magdalena Proticzuk et al. 257

Received: 17 July 2023
Accepted: 10 October 2023
Published: 27 October 2023

References

Artymiak, M., Niewiadomy, M., Pielecka-Sikorska, M., & Weiner, A. (2017). Application of the EEG
Biofeedback method in attention deficits therapy in young sportspeople - A pilot study. Balt | Health
Phys Activ, 9(3), 106-114. https://doi.org/10.29359/BJHPA.09.3.10

Blumenstein B., & Orbach 1. (2012a). Biofeedback training at sea. In W. A. Edmonds & G. Tenenbaum (Eds.),
Case studies in applied psychophysiology: Neurofeedback and biofeedback treatments for advances in human
performance (pp. 134-144). Wiley-Blackwell.

Blumenstein B., & Orbach L. (2012b). The road to Olympic medal. In W. A. Edmonds & G. Tenenbaum (Eds.),
Case studies in applied psychophysiology: Neurofeedback and biofeedback treatments for advances in human
performance (pp. 120-123). Wiley-Blackwell.

Christie, S., & Werthner, P. (2015). Prestart Psychophysiological Profile of a 200-m Canoe Athlete: A
Comparison of Best and Worst Reaction Times. Biofeedback, 43(2), 73-83. https://doi.org/10.5298/1081-
5937-43.2.05

Chung, C.,, Kim, B., Jang, C.Y., & Choi, E. (2001). Effects of Concentration Training with Brainwave Biofeedback on
Tennis Performance.

Brito, M. A. D., Fernandes, J. R., Esteves, N. S., Miiller, V. T., Alexandria, D. B., Pérez, D. 1. V., Slimani, M.,
Brito, C. J., Bragazzi, N. L., & Miarka, B. (2022). The Effect of Neurofeedback on the Reaction Time and
Cognitive Performance of Athletes: A Systematic Review and Meta-Analysis. Frontiers in Human
Neuroscience, 20(16), 868450. https://doi.org/10.3389/fnhum.2022.868450

Dupee, M., Forneris, T., & Werthner, P. (2016). Perceived Outcomes of a Biofeedback and Neurofeedback
Training Intervention for Optimal Performance: Learning to Enhance Self-Awareness and Self-
Regulation =~ With ~ Olympic  Athletes. = The  Sport  Psychologist, ~ 30(4),  339-349.
https://doi.org/10.1123/tsp.2016-0028

Engelbregt, H., Keeser, D., van Eijk, L., Suiker, E., Eichhorn, D., Karch, S., Deijen, J., & Pogarell, O. (2016). Short
and long-term effects of sham-controlled prefrontal EEG-neurofeedback training in healthy subjects.
Clinical Neurophysiology, 127(4), 1931-1937. https://doi.org/10.1016/j.clinph.2016.01.004

Gong, A., Gu, F.,, Nan, W, Qu, Y, Jiang, C., & Fu, Y. (2021). A Review of Neurofeedback Training for
Improving Sport Performance From the Perspective of User Experience. Frontiers in Neuroscience, 28(15),
638369. https://doi.org/10.3389/fnins.2021.638369

Harvey, R. H., Beauchamp, M. K., Saab, M., & Beauchamp, P. (2011). Biofeedback Reaction-Time Training:
Toward Olympic Gold. Biofeedback, 39(1), 7-14. https://doi.org/10.5298/1081-5937-39.1.03

Landers, D. M., Han, M., Salazar, W., Petruzzello, S. ]., Kubitz, K. A., & Gannon, T. L. (1994). Effects of learning
on electroencephalographic and electrocardiographic patterns in novice archers. International Journal of
Sport Psychology, 25(3), 313-330.

Lansbergen, M. M., van Dongen-Boomsma, M., Buitelaar, J. K., & Slaats-Willemse, D. (2010). ADHD and EEG-
neurofeedback: a double-blind randomized placebo-controlled feasibility study. Journal of Neural
Transmission, 118(2), 275-284. https://doi.org/10.1007/s00702-010-0524-2

Maszczyk, A., Gotas, A., Pietraszewski, P., Kowalczyk, M., Cigszczyk, P., Kochanowicz, A., Smoétka, W., &
Zajac, A. (2018). Neurofeedback for the enhancement of dynamic balance of judokas. Biology of Sport,
35(1), 99-102. https://doi.org/10.5114/biolsport.2018.71488

Maszczyk, A., Dobrakowski, P., Nitychoruk, M., Zak, M., Kowalczyk, M., & Toborek, M. (2020). The Effect of
Neurofeedback Training on the Visual Processing Efficiency in Judo Athletes. Journal of Human Kinetics,
71(1), 219-227. https://doi.org/10.2478/hukin-2019-0097.

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0
license.



258 The effects of EEG biofeedback training on visual reaction time in judo athletes

Mirifar, A., Keil, A., Beckmann, J., & Ehrlenspiel, F. (2018). No Effects of Neurofeedback of Beta Band
Components on Reaction Time Performance. Journal of Cognitive Enhancement, 3(3), 251-260.
https://doi.org/10.1007/s41465-018-0093-0

Paret, C., Goldway, N., Zich, C., Keynan, J. N., Hendler, T., Linden, D., & Cohen Kadosh, K. (2019). Current
progress in real-time functional magnetic resonance-based neurofeedback: Methodological challenges
and achievements. Neurolmage, 202, 116107. https://doi.org/10.1016/j.neuroimage.2019.116107

Parsaee, S., Alboghbish, S., Abdolahi, H., Alirajabi, R., & Anbari, A. (2018). Effect of a period of Selected
SMR/Theta Neurofeedback Training on Visual and Auditory Reaction Time in Veterans and Disabled
Athletes. Iranian Journal of War and Public Health, 10(1), 15-20. https://doi.org/10.29252/ijwph.10.1.15

Pourbehbahani, Z., Saemi, E.,, Cheng, M. Y., & Dehghan, M. R. (2023). Both Sensorimotor Rhythm
Neurofeedback and Self-Controlled Practice Enhance Motor Learning and Performance in Novice
Golfers. Behavioral Sciences, 13(1), 65. https://doi.org/10.3390/bs13010065

Razran, G. (1961). The observable and the inferable conscious in current Soviet psychophysiology:
Interoceptive conditioning, semantic conditioning, and the orienting reflex. Psychological Review, 68(2),
81-147. https://doi.org/10.1037/h0039848

Rostami, R., Sadeghi, H., Karami, K. A., Abadi, M. N., & Salamati, P. (2012). The Effects of Neurofeedback on
the Improvement of Rifle Shooters” Performance. Journal of Neurotherapy, 16(4), 264-269.
https://doi.org/10.1080/10874208.2012.730388

Saha, S., Ahmed, M., Huda, F., Zahir, N. E. B. M., Nur Fasya, I, & Saha, S. (2014). Impact of differential
biofeedback interventions on autonomic habituation and fatigability in soccer players. International
Journal of Pharma and Bio Sciences, 6(1), 969-976.

Salimnejad, Z., Zandi, H., & Arsham, S. (2019). Effect of Bio-Neural Feedback Exercises on the Performance of
Female Rugby Players. International Journal of Motor Control and Learning, 1(2), 10-18.
https://doi.org/10.29252/ijmcl.1.2.10

Sherlin, L. H., Ford, N. C. L., Baker, A. R, & Troesch, ]J. (2015). Observational Report of the Effects of
Performance Brain Training in Collegiate Golfers. Biofeedback, 43(2), 64-72. https://doi.org/10.5298/1081-
5937-43.2.06

Thompson, L., & Thompson, M. (2005). Neurofeedback Intervention for Adults with ADHD. Journal of Adult
Development, 12, 123-130. https://doi.org/10.1007/s10804-005-7028-6

Journal of Human Kinetics, volume 89/2023 http://www.johk.pl





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


