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Extended Abstract
Background and Purpose
Neurofeedback training (NFT), which refers

to the perception and learning of one’s own
brain signals, is the most widely used
technique in biofeedback. Neurofeedback
training (NFT) is a non-invasive, safe, and
effective method of regulating the nerve state
of the brain. Presently, NFT is widely used to
prevent and rehabilitate brain diseases and
improve an individual’s external performance.
Researchers use a “top-down” approach to
improve external performance by regulating
brain function and influencing behavior. For
example, using NFT to improve individuals’
cognitive ability can enhance focus and
memory, as well as motor ability, helping
them achieve better sports performance
(Gruzelier, 2014). In sports science,
improving sports performance has been an
important research topic. In contrast to the

traditional training of strengthening endurance
and speed, NFT mainly focuses on the
psychological state of athletes. Some studies
have shown that NFT can teach athletes to
control their mental state and thus improve
their sports performance. Therefore, NFT has
been widely studied. Landers et al. (1991) first
utilized NFT to improve sports performance
(SP-NFT) with 24 pre-professional archers as
participants. Their results showed that the
shooting performance of the participants who
enhanced the right temporal activity of their
brain increased, while that of those who
enhanced the left temporal activity decreased
(Landers et al., 1991). Similarly, Paul et al.
(2011) conducted four weeks of SP-NFT with
school-level archers and found that their pre-
competition pleasure levels, pre-competition
arousal levels, and post-competition arousal
levels had increased, and their archery
shooting performance also had improved (Paul
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etal., 2011).

Although the training methods in these studies
differ, most studies only use sports
performance as the evaluation index. If the
evaluation is not properly classified,
researchers may obtain incorrect analysis
results, and some non-standard SP-NFT
results may even affect the evaluation of the
effectiveness of the overall SP-NFT research.
To solve the above-mentioned problems, it is
necessary to establish a more detailed
classification of SP-NFT. At the same time,
we should minimize overly professional SP—
NFT descriptions to facilitate coaches and
athletes to understand and learn NFT. This
may help promote the development of SP-
NFT research and its application and make the
results more practical and instructive.

The fact that the application of emerging and
numerous neurofeedback protocols (number
of sessions, the target area of the brain,
selected brain parameter, execution
mechanism) and "agreed standards" is
appropriate and the initial training for athletes
is so varied that may cause confusion. This
emphasizes the need for meta-analysis of the
effectiveness of interventions. Therefore, the
present study seeks to answer the question of
the  effectiveness  of  neurofeedback
intervention on  optimizing  athletes'
performance by using meta-analysis method.

Material and Methods
In the systematic review stage, the statistical

population of this research was, all articles
related to the subject and index in Pubmed,
Google Scholar, Scopus, Cochrane database,
PsycInfo, Science Direct, Magiran, and
Scientific  Information Database (SID).

Studies were included in the study if the
subject of the study was neurofeedback
intervention to improve athletes' performance.
Criteria for exclusion of articles also included
research that was conducted as a summary of
the article or as a review or correlation and
articles that did not have the full text. In this
study, combined meta-analysis was used to
collect, combine and summarize research
findings related to the effect of neurofeedback

on athletes' performance.

Data were extracted (mean of experimental
and control groups, the standard deviation of
groups and number of samples in each group)
and analyzed by comprehensive meta-analysis
software using the meta-analysis method.
Finally, to answer the research questions, first,
the size of the combined effect of the initial
studies was calculated according to the tools
and criteria of sports performance used, the
type of sport based on team or individual, and
the skill level of athletes. Finally, in order to
simultaneously test the idea of the
effectiveness of the assumptions, the structural
equation modeling method was applied.
Results

The number of articles published by
researchers on the effect of neurofeedback
intervention on athletes' performance was 46.
The Q index was used to evaluate the
heterogeneity of the studies. The Q index was
calculated for 28 studies with a degree of
freedom of 27 equal to 323/689, which is
significant at the level of P <0.001. Therefore,
the null hypothesis based on homogeneity of
studies was rejected and it is concluded that
the studies under study are heterogeneous. To
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check the printing and publishing bias, a
funnel diagram was drawn by comprehensive
meta-analysis software. The following is an
index of structural equations obtained from the
results of neurofeedback intervention on
athletes' performance.

Conclusion

The results of this study show that
neurofeedback intervention has a significant
effect on some variables related to functional
outcomes as well as functional underlying
processes such as cognitive, psychological,
and physiological functions of athletes. The
results of this meta-analysis showed that
neurofeedback intervention could enable
athletes to successfully change the strength of
electroencephalographic frequency bands and
effectively improve their athletic performance.
This result meets the criteria for the
effectiveness of neurofeedback intervention,
which is a simultaneous change in
electroencephalographic strength and athletic
performance. Therefore, it is suggested that
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the effect size of exercise performance be
calculated as a measurement in the
neurofeedback intervention group, minus the
same measurement in the active / placebo
control group.

Keywords: Cognitive Readiness; Excellent
Brain Functions; Functions of the Mind;
Performance Optimization.
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