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Abstract

Increasing athlete performance is an eternal challenge in the world of sports. The success of the
training work performed can be checked by performance diagnostics. Proper brain processing is
essential for skill learning and the implementation of effective motor performance. It was important
for brain mapping technology to improve the capabilities of imaging devices in order to measure
cognitive-motor performance in the field. The primary purpose of this review was to summarize the
frequency of applications of EEG and its associated neurofeedback in sport. Examine the differences
and characteristics of protocols. Assess whether there is this uniform, standardized protocol for each
sport and how often it is used among both elite and amateur athletes. Electroencephalography was
initially used most in sports in which the stable setting was followed by only minimal movement.
These include sport shooting, archery and golf and baseball. Later, it was possible to analyze more
complex movements with EEG, such as cycling. One of the most commonly used techniques is
neurofeedback training, but despite some research on the topic, the arena of neurotechnology in
sports psychology still exists in its rudimentary form and is constrained by a plethora of technological
problems.
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THEORETICAL BACKROUND

Increasing athlete performance is an eternal challenge in the world of sports. The
success of the training work performed can be checked by performance diagnostics.
Proper brain processing is essential for skill learning and the implementation of
effective motor performance (SEIDEL-MARZI - RAGERT, 2020).

Cognitive neuroscience uses many types of brain imaging methods (e.g., single-cell
electrophysiology, functional near-infrared spectroscopy, functional magnetic resonance
imaging, magnetoencephalography, EEG) (PARK et al., 2015; PERREY-BESSON, 2018).

The use of electroencephalography (EEG) dates back to the mid-1920s, when Hans
Berger made the first human EEG imaging (MILETT, 2001) and has since become one of
the best brain imaging procedures (LIN et al.,, 2021). An relatively inexpensive and easy-
to-use tool also plays an important role in its application (GAO et al., 2016). This method
helps to study the relationship between the brain and behavior (PARK et al., 2015) by
recording waves of different frequencies and amplitudes using electrodes placed on the
surface of the scalp (SHELLEY-TREMBLAY, 2006; NEIDERMEYER & LOPEZ DA SILVA,
1999).

Samples are categorized based on frequencies, which is the primary focus of EEG
recording (RAMSAY, 2013). In general, four frequency ranges are distinguished,
however, since the state of wakefulness dominates in sports, the alpha and beta waves
are considered to be of study significance. During an EEG of individuals, both anatomical
and physiological, genetic, and psychological factors are able to influence the strength
and prevalence of basal alpha levels (BAZANOVA-VERNON, 2013).

Although cognitive processes are at least as important in any sinter of sport as physical
activity diagnostics, neurodiagnostics play a very small role in assessing athletes
'performance (SEIDEL-MARZI - RAGERT, 2020). This is because in most cases it is not
feasible to analyze sports behavior outside the laboratory due to the robust nature of the
devices and the barriers to the sports environment (PARK et al., 2015; PERREY-BESSON,
2018). The EEG cap and the accelerometer placed on the head emitted oscillations with
the same properties when walking on a treadmill (CASTERMANS et al,, 2014). Overall,
one of the major disadvantages of EEG is that it is very sensitive to motion products
(SYMEONIDOU et al., 2018), and its spatial resolution can be said to be relatively low
(MEHTA-PARASURAMAN, 2013).

Consequently, it was important for brain mapping technology to improve the
capabilities of imaging devices in order to measure cognitive-motor performance in the
field (PARK et al,, 2015; PERREY-BESSON, 2018).

The traditional wet sensory systems of the EEG were not mobile and their preparation
time was long, as a result of which it was not possible to apply the sport in practice. With
the recent introduction of a wireless, dry EEG system, however, a new gate is opening
for real-time measurement in the field in sports (LIN et al., 2021).
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In today’s sports education, the development of physical aspects is coordinated with
mental training to increase performance (BALCONI et al., 2019). Training methods
aimed at optimal performance are predominantly focused on internal processes,
emotional acceptance, and self-control (GARDNER-MOORE, 2007).

Recently, one of the most commonly used techniques is neurofeedback training
(DOMINGOS etal., 2021). According to Mirifar (2017) and Balconi (2019),
“neurofeedback is a psychophysiological technique aimed at raising awareness of the
central physiological relationships of internal experiences and teaching adaptive
regulation of such relationships and related thinking”.

Sports with different aspects use other neurofeedback-based training programs: some
that stimulate concentration and mental focus by modifying the sensorimotor rhythm,
and some that help to relax and reduce excitement and performance constraints by
modulating EEG bands (alpha, theta). anxiety (MIRIFAR et al., 2017; BALCONI et al,,
2019).

The effectiveness of the method is measured by the speed and accuracy of the
implementation of the planned action (SALEH et al., 2006). It has a beneficial effect on
any movement affecting motor performance that requires automatic movements and
steep learning curves (SIDHU-COOKE, 2021).

The condensed training protocol increased alpha amplitude more effectively, and there
was a significant improvement in the performance of N-back, a strange test following
neurofeedback training to assess attention (DOMINGOS et al., 2021) and most
parameters of the partial curve (MIKICIN et al. al., 2020).

Neurofeedback can also be a great way to determine and train the optimal level of
optimal nervous system activity, arousal, in an individual (NEMETH-BALOGH, 2021)

Overall, neurofeedback is a promising non-invasive procedure that can be used to
develop skills related to self-regulation of brain activity (MIRIFAR et al., 2017).
However, further testing and comparison of protocols is needed in the future to better
understand how increased alpha waves contribute to more effective athletic
performance (DOMINGOS et al., 2021).
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METHODS
The process for this systematic review was informed by the PRISMA guide-
lines (MOHER et al,, 2009), summarised in Fig. 1.
SEARCH STRATEGIES

Electronic databases (Pubmed, ScienceDirect, SpringLink, PsycNet, Google Scholar) were
searched for with the keyword combinations included “EEG” in conjunction with “sport”
and “neurofeedback”. The search was restricted to English and Spanish peer-reviewed
articles. In the initial search 215 articles were detected. Pursuing this, keywords of the
articles were analysed for farther search combinations. Two new search terms were
determined and united with the existing terms including “psychophysiological” and
“brain-computer interface”, and subsequently searched within the databases. A further
39 articles were determined with the new search terms in the five databases, resulting in
a total of 254.

Inclusion and exclusion of studies

Studies incorporated in this systematic review corresponded to the following criteria: (a)
the application of EEG has taken place in the field of sport (i.e., clinical researches were
excluded), (b) participant groups contained amateur and professional athletes (i.e.,
former athletes have been excluded, because we are unable to track their current athletic
performance.

Screening articles

Each article was screened by investigating the title, keywords and abstract based
on the inclusion criteria. If there was any indeterminancy over the suitability of an
article, this was debated by the first and second author.
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Fig. 1. : Diagram of PRISMA flow
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RESULTS

The primary purpose of this review was to summarize the frequency of applications of
EEG and its associated neurofeedback in sport. Besides to get the answer which sports are
where EEG devices and the neurofeedback procedure are used, a complete review of 90
articles was managed after finding potentially relevant ones based on the examination of
titles, keywords and abstracts. In order to determine the suitability of the full-text articles,
they were re-examined and evaluated against the above-mentioned inclusion criteria.
Most studies were excluded because they were clinical patients who had diseases related
to the mind or brain, not athletes (n = 43). A total of 47 studies were included in the final
analysis. All studies were performed under laboratory conditions (n=47).

After the study, it became clear to us that electroencephalography was initially used most
in sports in which the stable setting was followed by only minimal movement. These
include sport shooting (DOPPELMAYR et al, 2008; PEREIRA et al., 2018), archery
(SALAZAR et al,, 1990; Landers et al., 1994) and golf from ball sports (BABILONI et al,,
2008).; REINECKE et al., 2011) and baseball (MURASKIN et al., 2015; PLUTA et al., 2018).

Later, it was possible to analyze more complex movements with EEG, such as cycling in
ergometer (LIN et al., 2021).

2% 2% 20,

B Archery Baseball Boxing B Cycling
Diving B Football Golf B Gymnastics

B Ice hockey ®@Judo @ Karate @ Running
Shooting @ Skiing @ Swimming B Throwing games

Fig. 2: Percentage of EEG use in sports based on the 47 systematic reviews examined

For the 47 studies examined, we encountered different research goals. Most often, EEG
activity was analyzed before, during, and after sports activity (n = 36). Within these, there
were 3 studies that considered spectral and temporal aspects separately. The second most


https://doi.org/10.36439/shjs/2021/2/10557

Vol 4, No 2 (2021): Stadium —Hungarian Journal of Sport Sciences
https://doi.org/10.36439/shjs/2021/2/10557

important aspect examined the effect of neurofeedback training (NFT) on athletes (n = 8).
This was followed by a study of hemodynamic response change (n = 3).

One (n = 35) or two groups (n = 12) were examined in the analyzed articles. The research
involved elite athletes (n = 26) and we found comparative studies between experts and
non-experts (n = 9). The remaining studies examined the condition of young athletes (n =
8). In some cases, non-athletes also participated in specific sports tasks (n = 5).

In the case of the articles reviewed, it is important to highlight that most studies (65%)
conducted mixed studies using EEG in terms of gender. However, comparing non-mixed
research, it can be stated that men (26%) were more concerned with performance.

B mixed @@men women

Fig. 3: The proportion of gender distribution in the reviewed articles

The tests could be divided into two groups for the additional tests attached to the EEG. Of
the 47 studies examined, 21 did not use additional procedures, and in the other cases
other tests were performed (n = 26).

The most common of these was electromyography, used in 11 cases. In a few cases (n =
4), the so-called EOG (electrooculogram) was also associated with
electroencephalography. Measurement of systolic (SBP) and diastolic blood pressure
(DBP) appeared in 1-1 cases and HR in 7 cases as an additional study. While the
measurement of respiratory parameters as VOzmax (n = 6) and VCO2 (n = 2) and
Respiration Rate (n = 1) also played a role in the laboratory studies.

Anthropometric indices as height was measured (n = 2), (FAT) fat percentage (n = 2),
(LBM) lean body mass (n = 3), (TBW) total body water (n = 2) were showed using
Bioelectrical Impedance Analysis (BIA). In addition, lactate concentration (n = 3), (SC)
skin conductance (n = 1), (COP) body of center of pressure (n = 1), myocardial oxygen
consumption index (n = 1) were also mentioned parameters during EEG studies.
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Several authors attributed a significant role to the survey in their study (n = 12). Which
appeared in the form of questionnaires (n = 8) or scales (n = 4). The questionnaires were
as follows: (BIS / BAS) Behavioral Inhibition and Activation System questionnaire (n = 1),
EHIS (European Health Interview Survey) questionnaire (n = 1), Health questionnaire (n
= 2), (IPAQ) Intern Physical Activity Questionnaire (n = 1) and (PTIQ) Post-trial imagery
questionnaire (n = 1). The scales used were: BRUNEL Mood Scale (n = 1), Category Ratio
Scale (n = 2), (SSCCS) State Self-Control Capacity Scale (n = 1) and (VAS) Visual Analogue
Scale (n=1).

Based on the results of several studies, it can be stated that the decrease in cortical
activation is closely correlated with excellent performance and higher levels of
intelligence (GRABNER et al,, 2006), (NEUBAUER et al., 2004). This phenomenon (neural
efficiency) is called the psychomotor efficiency hypothesis (HATFIELD et al.,, 2020).
Several studies have found a difference between the athlete group and the control group
in the correlation of EEG overall energy in motor imaging tasks (GAO et al.,, 2016),
(SALENIUS-HARI, 2006), which collects specific brain networks during decision
situations (FINK et al. 2018). As a result, experts perform more effectively than novices
(BABILONI et al., 2010), (GRABNER et al., 2006). More specifically, in the eye-closed
resting state, athletes produced higher alpha values in the parietal and occipital areas
(BABILONI etal., 2010), (BEYER et al,, 1990). In general, elevated alpha activity in the left
temporal lobe is associated with better performance, however, high alpha activity in both
temporal lobes has been shown to show the worst performance (JANELLE-HATFIELD,
2008).

According to some EEG studies, comparing worst and best performance, higher alpha
performance activity can be associated with less good performance (LANDERS et al,
1994), while other studies suggest that the best performance measure is increased alpha
performance and this increase is related to with increasing skill levels (LOZE et al., 2001).
Task-related performance loss (TRPD) indexes cortical activity (DEL PRECIO et al., 2011).
Both low and high TRDP showed lower scores in athletes than in non-athlete control
groups. This also confirms the hypothesis of neural efficacy that cortical reactivity
decreases when the eyes open at rest (DEL PRECIO et al., 2011).

Numerous studies have demonstrated that neurofeedback training is already effective in
various fields of health science, including reduction of fear, increased ability to
concentrate, and improved physical coordination (Kerick et al., 2004),(Besserve et al.,
2008). In addition, our analysis revealed that in many sports (martial arts, hockey,
skating, basketball, snowboarding), sports performance improves as a result of
neurofeedback training (MIKICIN et al., 2020). We did not find a uniform neurofeedback
training system for different sports, however, different programs aim to keep the subject
calm even under stress and focus attention on the goals of the task (MIRIFAR et al., 2017).
As a result of our work, it can be stated that despite some studies on neurofeedback
training, this field is still very rudimentary and many articles highlight technical
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difficulties, but may be a suitable option in the field of sports learning and training in the
future (CAMILLE et al., 2020).
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Table 1.: Summary of the 47 conducted review
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DISCUSSION

Electroencephalography (EEG) is a brain imaging technology used since the 1920s. EEG
is a relatively inexpensive and easy-to-use tool in the world of research. The primary
purpose of this review was to summarize the applications of EEG and its associated
neurofeedback in sport. Examine the differences and characteristics of protocols. Assess
whether there is this uniform, standardized protocol for each sport and how often it is
used among both elite and amateur athletes.

Based on the results of several studies, it can be stated that the decrease in cortical
activation is closely correlated with excellent performance and higher levels of
intelligence (GRABNER et al,, 2006), (NEUBAUER et al., 2004). This phenomenon (neural
efficiency) is called the psychomotor efficiency hypothesis (HATFIELD et al.,, 2020).
Experts perform more effectively than novices (BABILONI et al., 2010), (GRABNER et al,,
2006).

Task-related performance loss (TRPD) indexes cortical activity (DEL PRECIO etal., 2011).
Both low and high TRDP showed lower scores in athletes than in non-athlete control
groups. This also confirms the hypothesis of neural efficacy that cortical reactivity
decreases when the eyes open at rest (DEL PRECIO et al., 2011).

Due to its physical properties, the use of EEG is limited to sports that require minimal
movement and can be easily performed in the laboratory, as a result of which its use in
ball games is very limited, despite today's technologies.

Our analysis revealed that in many sports (martial arts, hockey, skating, basketball,
snowboarding), sports performance improves as a result of neurofeedback training
(MIKICIN etal., 2020). It is important to highlight that despite some research on the topic,
the arena of neurotechnology in sports psychology still exists in its rudimentary form and
is constrained by a plethora of technological problems (CAMILLE et al,, 2020). However,
the use of EEG and neurofeedback may be an appropriate tool to develop and study
cognitive performance in sport.

The research was supported by: EFOP-3.6.1-16-2016-00022 Debrecen Venture Catapult
Programme.
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