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The Effect of Neurofeedback Training
on the Visual Processing Efficiency in Judo Athletes

by
Adam Maszczyk!, Pawet Dobrakowski?, Magdalena Nitychoruk!, Marcin Zak?,
Magdalena Kowalczyk!, Michal Toborek?

This study aimed to analyse the effect of neurofeedback (NFB) training based on beta-wave amplification and
theta-wave inhibition on the visual processing efficiency of judo athletes. The study examined 12 male athletes from the
national team of the Polish Judo Association. Participants were divided into the experimental (EG, n=6) and the control
group (CG, n = 6). The NFB training protocol was performed and recorded using a Deymed Truscan system with 24
active channels. The effect of NFB training was examined by computer-based simple and complex reaction tests and
selected tests of the Vienna Test System (VST). One — way ANOVA showed statistically significant differences between
the CG and the EG in theta and beta values after the first and the second cycle of training. There were statistically
significant differences between the CG and the EG in the results of reaction speed tests after individual cycles of training.
The highest reduction in simple reaction time was obtained after the second training cycle, when training was performed
every second day and lasted four minutes.
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Introduction

Neurofeedback  training ~ (NFB) is supporting the preparation of athletes, especially
becoming increasingly popular. It is used to train in sports such as shooting and archery (Landers et
the brain to regulate itself, and to help the person al., 1991), speed skating (Harvey et al, 2011),
training to understand when their brain is in the gymnastics (Zaichkowsky, 1983), judo
desired state. NFB is effective in the treatment of (Blumenstein and Orbach, 2012¢; Maszczyk et al,,
ADHD (Arns et al, 2013; Dobrakowski and 2018), canoeing (Blumenstein and Bar-Eli, 1998),
Lebecka, 2019; Gevensleben et al., 2010; soccer (Wilson et al., 2006), swimming (Bar-Eli and
Lansbergen et al., 2011; Lévesque et al., 2006), ADD Blumenstein, 2004), windsurfing (Blumenstein and
(Arns et al., 2009; Thompson and Thompson, 1998), Orbach, 2012d) and dancing (Raymond et al,
and epilepsy (Lubar and Bahler, 1976; Tan et al., 2005).
2009). NFB is a technique also used to achieve This study aimed to analyse the effect of
success in professional sports. NFB is based on NFB training based on beta-wave amplification
feedback, which means that changes in the brain and theta-wave inhibition on the visual processing
are monitored in real time and can be controlled efficiency of judo athletes. An attempt was also
and modified through training (Thompson, 2003). made to develop optimal duration of NFB training
NFB training is considered an essential element aimed at regulation of the level of concentration
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and improving visual attention in judokas, leading
to shortening their reaction times.

Methods

Participants

The study examined 12 male athletes from
the national team of the Polish Judo Association
aged from 22 to 25 years. The study sample was
chosen purposefully from the national team of the
southern region of Poland.
randomly divided into two subgroups:
experimental (EG = 6) and control (CG = 6). All
participants were informed about the objectives
and procedures used in the study, as well as about

Athletes were

the possibility to withdraw from the experiment at
any stage. All participants were healthy and
refrained from using drugs, alcohol and stimulants
(caffeine, energy drinks) 12 hours before each test
and training session. The study protocol was
approved by the Bioethics Committee of the Jerzy
Kukuczka Academy of Physical Education in
Katowice, Poland.

Research procedures

The research was carried out in two cycles.
The first cycle included 15 training sessions held
every other day. The duration of a training session
was 10 minutes. The second part of research, which
took place after a 4-week break, was characterised
by the same frequency of training sessions, but
reduced duration (4 minutes). The basic training
protocol in the experimental group was betal/theta
training, aimed to increase concentration and to
achieve the so-called narrow attention by athletes.

The tests in the control group followed the
same procedures as the experimental group and
were characterized by the same duration and
frequency of NFB training sessions. The procedure
for the training sessions was the same for both
groups, but in the control group, instead of the
betal/theta protocol, EEG simulation was
performed, regardless of the patterns of brain
waves produced by the participant.

Before the beginning of the first cycle of
sessions and after the end of each subsequent cycle,
tests of simple speed reaction and complex speed
reaction were performed in both groups.
Neurofeedback training protocol

The NFB training protocol was performed
and recorded using a Deymed Truscan system
with 24 active channels (soft. version 6.34.1761,
Czech Republic). The device accuracy was
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confirmed by ISO and CE medical certificates.
Before the EEG signal was recorded, the electrodes
impedance level and the inter-electrodes level
were checked each time using a built-in impedance
sensor. The sampling frequency was 1024 Hz. A 50
Hz main filter, as well as high and low pass filters
(1 and 40 Hz respectively), were used. The
reference electrode was placed on the ear. The
precondition for starting the diagnosis and NFB
training was to achieve an impedance level below
5 kQ and measurement between electrodes
differing from each other by no more than 1 kQ.

Each training session in individual cycles
was preceded by a 3-min one-channel EEG
diagnosis with three reference leads. During this
time, the participant was asked to perform the
following tasks: to remain seated with eyes open
for one minute, to remain seated with eyes closed
for one minute, to remain seated with eyes open
with an additional activation task of counting
backwards from 100 by sevens. During the
diagnosis, the reference electrode was placed on
the left earlobe, the ground electrode was placed
on the right earlobe, and the active electrode at
point Cz, according to the 10-20 international
system. Then, we were looking for 1-s epochs free
from artefacts. EEG parts containing artefacts were
excluded from further analysis. Spectral analyses
with a fast Fourier transform (FTT) were
conducted for artefact-free 1-second epochs
allowing for calculation of the mean and standard
deviation for each channel for absolute band
power, relative band power, median-power
frequency and peak-power frequency. Spectral
analyses were conducted for the theta and beta
frequency bands, 4-75 Hz and 13-30 Hz,
respectively. During NFB training, the active
electrode was placed at the C3 point, which made
it possible to achieve the main goal of training, that
is, to shape the ability to maintain an optimal
balance between the activity of fast waves (beta)
and slow waves (theta), associated with athletes’
performance and concentration. During each NFB
session, the percentage of time above the
threshold, which is the primary measure of the
participant’s progress, was also monitored to
optimize the level of training difficulty for each
participant.

Each EEG recording was assessed by a
neurologist certified by the Polish Society of
Clinical Neurophysiology, who was blinded for
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participants. Recordings were first analyzed to
exclude signals indicating epilepsy. Afterwards, 1-
s artefact-free epochs were searched. The recorded
signals were filtered between 2 and 40 Hz. An
expert visually checked all signals, and periods
during which no artifacts were recorded were
selected manually and further analysed.

The feedback signal based on the activity
recorded from the C3 electrode was provided in a
visual and auditory form. During training,
participants were asked to perform a task that
consisted of controlling the images displayed on
the computer screen so that the plane shown was
flying all the time. The plane was moving when
appropriate conditions were met at the same time:
theta (4-7.5 Hz) and beta2 band amplitudes (20-30
Hz) below a set threshold and betal amplitude (13-
20 Hz) above a set threshold. The effective
movement of the plane was accompanied by an
amplifying acoustic signal. The thresholds were
adjusted manually. The goal for the settings was as
follows: the enhance band was set to reinforce 60%
of the time, theta inhibit was true 20% of the time
and beta2 inhibit was true 10% of the time.

Visual reaction time tests

The effect of NFB training on the visual
reaction time in judo athletes was examined by
computer-based simple and complex reaction tests
and selected tests of the Vienna Test System (VST).
The tests were performed in the morning, under
conditions conducive to focusing attention on the
tasks performed. All tests were repeated twice at 5-
min intervals, and the better result of the two
measurements was registered for further analysis.

The computer test of the speed of the
simplest reaction to visual stimuli depended on the
fastest possible pressing of a specific key on the
keyboard with the right or left hand at the moment
when a bright square appeared on the monitor
screen. The task that evaluated the complex
reaction speed, however, required the fastest
possible pressing of a key on the keyboard
corresponding to the position of a square
appearing on the monitor, which was different in
the case of its location in the right, left or central
point of the screen. In both tests, the signal
appeared 10 times at intervals of 2 - 6 s. The period
from the moment the stimulus appeared until the
moment the key was pressed was measured with
the accuracy of 0.01 s.

A simple response to visual stimuli was
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examined using a device for the measurement of
reaction speed (RG) being a component of the
Vienna Test System. The task of the examined
athlete was to move his hand from the so-called
"rest key" as fast as possible and to press the
"reaction key" when the yellow diode was on.
Based on the data obtained, the program calculated
the median of reaction speed, reaction time and
simple movement time in ms. Complex reaction
speed was measured by means of a decision tester
(DG), with the test requiring the fastest possible
pressing of the appropriate key, depending on the
colour of the diode that was on when the stimulus
appeared. The program counted the total number
of all correct reactions, incorrect reactions, mean
reaction speed and standard deviation of mean
reaction speed. The signal appeared 15 times.
Statistical Analysis

The following descriptive statistics were
used to evaluate the level of analysed variables:
arithmetic mean, standard deviation and
coefficient of variation.

The data were tested for homogeneous and
normal distribution by means of the Shapiro-Wilk
test. Differences between the experimental and
control groups were analysed using one-way
ANOVA and post-hock Tukey tests. Intragroup
differences were examined using the Student’s t-
test. The level of significance was set at p <0.05. The
F statistic and the level of significance were
evaluated. We reported partial eta square (n2)
values, enabling comparisons of effect sizes in
analyses of variance even when there were
different numbers of variables (0.01 — small; 0.06 —
medium and 0.14 - large). Calculations were
performed using the STATISTICA 12.0 software
(Statsoft).

Results

One-way ANOVA showed no statistically
significant differences between the CG and the EG
in the results of the diagnostic tests with eyes open,
eyes closed and concentration, and between the CG
and the EG in the results of the computer reaction
speed test and the Vienna test prior to each cycle of
training sessions.

One-way ANOVA  with  repeated
measures  showed  statistically  significant
differences between the CG and the EG in beta
values after the first and the second cycle of
training (F = 5.116, p = 0.034, n2 = 0.02; F = 10.463,
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p=0.004, n2=0.21, respectively), as well as in theta
values after the second cycle of training (F = 7.647,
p=0.011, n2=0.09). The differences were not found
in the theta values after the first cycle (F = 3.188, p
= 0.088, n? = 0.008). Figures 1 and 2 present
graphical differences between the CG and the EG
in the beta and theta values after the first and
second training cycles.

There were statistically significant
differences between the CG and the EG in the
results of the computer and Vienna reaction speed
tests after individual cycles of training. In simple
reaction tests, the values were as follows: for
computer tests: F = 6.770, p = 0.016 (after the first
cycle, n2 = 0.05); F = 27.120, p = 0.003 (after the

second cycle, n? = 0.23); for the Vienna test: F =
5.878, p = 0.024 (after the first cycle, n>=0.03); F =
41.317, p =0.002 (after the second cycle, n?=0.25).

As presented in Tables 1 and 2, analysis of
diffrences in reaction speed before and after
biofeedback sessions using the Student's t-test in
the EG showed statistically significant changes in
the simple speed reaction in the computer and
Vienna tests.

Figures 3 and 4 present graphical differences

in the test results obtained for simple speed
reaction before and after biofeedback training

sessions [ms].

Table 1
Results of the Student’s t-test used to determine the significance
of changes in simple speed reaction in the computer test [ms].
Variables _ n?
X SD 4
Before the first cycle 0.194 0.012
0.004 0.19
After the first cycle 0.186 0.009
Before the second cycle
0.191 0.012
After the second cycle 0.002 024
0.170 0.008
Table 2
Results of the Student'’s t-test used to determine the significance
of changes in simple speed reaction in the Vienna test [ms].
Variables _ e
X SD 14
Before the first cycle
0.224 0.005
After the first cycle 0.001 026
0.218 0.005
Before the second cycle 0.220 0.006
0.001 0.28
After the second cycle 0.207 0.003
Journal of Human Kinetics - volume 71/2020 http://www.johk.pl
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Figure 1
Graphical presentation of the differences between the CG and the EG
in the beta and theta values (C3) after the first biofeedback training cycle [uV].
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Figure 2
Graphical presentation of the differences between CG and EG groups
in the beta and theta values (C3) after the second biofeedback training cycle [uV].
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Graphical presentation of the differences obtained in the results
of the simple speed reaction tests before and after the first cycle of biofeedback training sessions [ms].
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Graphical presentation of the differences obtained in the results
of the simple speed reaction tests before and after the second cycle of biofeedback training sessions [ms].
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Discussion

Analysis of numerous scientific reports
found that NFB training may have a positive effect
on normalization of pathological brain activity
accompanying  various  psychological and
neurological disorders. There are significant data
on NFB training used in the treatment of ADHD
(Arns et al., 2013; Gani, 2009; Gevensleben et al.,
2010; Lansbergen et al., 2011), ADD (Arns et al,,
2009; Thompson and Thompson, 1998), epilepsy
(Lubar and Bahler, 1976; Tan et al., 2009), general

anxiety disorders, insomnia, and alcohol abuse
(Yucha and Montgomery, 2008). Many
publications provide information about factors
that determine the effect of NFB training on
athletes. However, the literature lacks precisely
defined variables for the NFB training
methodology.

The main aim of this study was to analyse
the effects of the NFB training protocol on the
visual reaction speed in judo athletes and to
determine the optimal duration of training
sessions. The results of the study are consistent
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with some previous findings, which have proved
that NFB training reduces the reaction time in
athletes. This study indicates that the experimental
group showed a statistically significant reduction
in reaction time following training compared to the
control group. The reduced reaction time may be
attributable to the fact that judo athletes learnt to
control brain wave activity during NFB training,
which positively influenced concentration and
speed reaction.

In a study conducted in athletes from the
Canadian Speed Skating National Team preparing
for the Vancouver Olympic Games, where NFB
training was part of their training routine, the most
significant improvement in reaction time was
observed between the fourth and the fifth (last)
training week, with the frequency of two training
sessions per week F(1,9) = 5679.2, p = .001 (Harvey
etal, 2011).

In our study performed in a group of judo
athletes, the highest reduction in simple reaction
time was obtained after the second training cycle,
when training was performed every second day
and lasted four minutes. It is interesting why the
improvement after the second cycle of training was
more pronounced. In our opinion, several factors
could have contributed to such results:

- pioneering impact of the first cycle of
training (most neurofeedback practitioners
emphasize that clinical effects are only visible from
the 7th to 8th training session),

- shorter training duration (4 vs. 10 min)
where it was easier to keep full attention,

- athletes from the national team of the Polish
Judo Association, who trained to keep
concentration for 4 minutes during each round.

Findings concerning the volume and the
number of NEFB training sessions needed to
produce the desired effects are rather
contradictory. Several studies have shown that
NFB requires a long-term process (Blumenstein et
al.,, 2012, 2012a; Gani et al., 2008; Logemann et al.,
2010), and is not always successful. No statistically
significant changes were found following sixteen
training sessions (Logemann et al., 2010). In that
well-controlled study, however, movie feedback
was chosen and we already know that such a
stimulus can significantly affect the effectiveness of
training (Blumenstein et al., 2012, 2012a). Also, the
instructions for participants could have been more
precise. A study by Doppelmayr and Weber (2011)
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demonstrated no changes in reaction time using
betal/theta after 30 training sessions. The response
time improved following SMR (sensorimotor
rhythm) training at point C4. Training on the Theta
/ Beta ratio did not induce significant changes
(although the authors did not specify whether on
point C3 or C4).

There are also scientific reports on the use
of a relatively small number of NFB sessions which
led to statistically significant changes. According to
Egner and Gruzelier (2001), ten training sessions
were sufficient to learn the betal/theta protocol.
The findings published by Vernon et al. (2003)
showed that significant difference using the SMR
protocol was achieved following eight sessions
only. NFB training was conducted over a period of
4 weeks, with two training sessions per week.

Another study indicated long-term clinical
improvement following neurofeedback training
regardless of the observed effect on EEG variables
(Dobrakowski and Lebecka, 2019).

The discrepancies in the length, frequency
and the number of training sessions needed to
achieve training objectives depend primarily on
individual differences, which in turn point to the
need to develop personalised NFB interventions.

An innovative aspect of this study was the
participation of selected athletes from the Polish
National Judo Team, the use of multidimensional
analysis of variance and the placebo group, which
helped eliminate the Hawthorne effect and assess
in more detail the effectiveness of NFB training in
elite athletes.

Introducing a passive control group and
combining NFB training with other relaxation
techniques would enhance the strength of this
study, allowing for comparison of the effect of the
NFB training sessions. This issue needs to be
considered in future studies using the above-
mentioned factors.

Results of several studies have confirmed
that the NFB method should be successfully used
not only as an extension of the standard training
process, but in many cases, it can also become its
integral part (Blumenstein et al., 2012, 2012a;
Lansbergen et al., 2011; Maszczyk et al., 2018;
Yucha and Montgomery, 2008). NFB training may
significantly improve the reaction time in athletes.
The results of the present research may be of great
importance for strength and conditioning in sports
where quick and precise reactions determine the
final success.
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