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In the basis of the boxer’s power qualities is the ability to perceive and process external information.
Therefore, in order to ensure the proper training of qualified boxers, there is a need to monitor the
functional state of the boxer’s organism. The relationship between cognitive functions and special
working capacity of elite boxers were studied.

The level of special working capacity was studied by the test of punching a boxer for 8 s at maximum
speed. Cognitive functions (verbal and nonverbal intelligence, and word memory) were studied
using the “Multipsychometer-05” (European-Asian Association of Polygraphologists, Kazakhstan)
hardware-software. 26 elite boxers, aged 18-24, were tested.

The research results showed that groups of boxers with different levels of special working capacity
differ in terms of accuracy and efficiency when performing a cognitive task with verbal stimuli.
The high level of special working capacity of elite boxers is provided by the manifestation of verbal
intelligence. Besides, the special working capacity is related with activation of mental functions
of attention, speed of visual perception, operational and logical thinking. At the same time,
significantly higher values of decision latency in this group of boxers indicate a slowdown in the
processing of nonverbal information in boxers with a high level of special working capacity to work.
It can be noted that the special working capacity of boxers has a direct relationship with quality
and inverse relationship with the speed of information processing. The speed of memorizing verbal
information is better in boxers with a high level of special working capacity. This fact indicates the
importance of the verbal factor for the assimilation of special information in the training of boxers.
The best values of accuracy and efficiency indicate the relationship of special working capacity in
skilled boxers with the quality and volume of memorized verbal information.

The special working capacity of elite boxers has a direct relationship with quality and inverse
relationship with the speed of information processing. The elite boxers with a high level of special

working capacity have a better speed of verbal information memorizing.
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Introduction

Modern boxing is characterized by an increase
in the intensity of fights and the rate of change of
the situation in the ring. Many researchers focus
on the speed and strength properties of boxers
as necessary factors of efficiency in competitive
conditions [1, 2, 3]. However, the basis of the boxer’s
power qualities is the ability to perceive and process
external information [4, 5].

Therefore, in order to ensure the proper training
of qualified boxers, there is a need to monitor the
functional state of the boxer’s organism. After all,
the high intensity of the fight requires boxers to
maximize the mobilization of psycho-emotional
and functional resources. It is known that the

© Georgiy Korobeynikov, Lesia Korobeinikova, Markus Raab,
Mario Bai¢, Olga Borysova, lvanna Korobeinikova, Gou Shengpeng,
Irene Khmelnitska, 2023
doi:10.15561/26649837.2023.0110

84

functional state of the athlete’s body reflects an
integrated set of characteristics of the athlete, which
are responsible for the effectiveness of training and
competitive activities [6, 7]. Among the factors of the
functional state of the qualified wrestler’s organism,
the psychophysiological characteristics are most
important [8, 9]. In turn, cognitive functions are
components of the athlete’s psychophysiological
state [10, 11]. Based on this, it is advisable to use
the evaluation of the state of cognitive functions
to assess the ability of boxers to the training and
competitive process.

Analysis of the structure of competitive activity
in single combats indicates an important aspect
of mental activity aimed at the perception of
information and prompt decision-making during
the fight [12, 13]. Current research on integrated
control in single combats shows that most of the
work concerns certain characteristics of athlete’s
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functional state in different conditions of training
and competitive activities [14, 15, 16]. However,
many studies do not have a comprehensive
approach to assessing the relationship between
athlete’s cognitive function and special working
capacity. From the point of view of the peculiarities
of a boxing match, it is important to synchronize
between the perception and processing of external
information with the motor realization. For effective
perception of information, its analysis and decision-
making on the appropriate response to the actions
of the opponent, it is necessary to activate cognitive
functions such as memory and intelligence of the
boxer.

Verbal intelligence is associated with the
perception of verbal information, primarily from
the coach - the second, which allows the athlete to
adjust their actions in accordance with appropriate
strategies. Non-verbal intelligence is related to the
athlete’s ability to perceive external factors related
to the opponent’s actions and to respond quickly to
situations that arise in a duel. The memory function
is characterized by memorizing and retrieving
information from the long-term motor response
to counteract the actions of the opponent. In sum,
there is a need to study the relationship between the
manifestation of cognitive functions and the special
working capacity of elite boxers.

The research purpose is to study the relationship
between cognitive functions and special working
capacity of elite boxers.

Material and Methods

Participants

26 elite boxers, members of the Kyiv city team,
aged 18-24, were tested. All athletes agreed to
conduct scientific tests and use the research results
for scientific purposes, in accordance with the
recommendations of the Ethics Committees on
biomedical research.

Research Design

Special working capacity

The chronodynamometer “Spuderg” of Savchyn’s
design was used to assess the athlete’s special
working capacity [17]. The level of special working
capacity was studied by the test of the boxer’s blows
for 8 s at maximum speed.

Cognitive functions
Cognitive functions were studied using
the  “Multipsychometer-05”  (European-Asian

Association of Polygraphologists, Kazakhstan)
hardware-software. The following methods have
been assessed: verbal, nonverbal intelligence and
word memory. The assessment of verbal intelligence
was carried out on the “Establishing patterns” test.
This test is designed to study the features of the
thinking process (activity, intelligence) and random

access memory (RAM). The peculiarity of testing is
to define in one word out of five, presented in coded
form. The athlete is asked to perform 25 tasks in 6
minutes. According to the test results, the following
indicators are determined: productivity; speed;
precision; efficiency. Nonverbal intelligence was
determined by the “Comparison of numbers” test.
The task of the “Comparison of numbers” test is
to assess the peculiarities of the mobilization of
human cognitive resources. The procedure involved
a consistent comparison of numbers by size. One by
one, numbers from 2 to 9 were displayed in the center
of the display. The task was to compare the current
number with the previous one. The length of the test
is 128 signals; the duration of execution is from 1.5
to 4 minutes, at auto tempo. According to the test
results, the following indicators were determined:
efficiency, reaction latency, accuracy and stability.
The “Memory for words” test was designed to assess
the amount and stability of short-term memory for
verbal stimuli. The subject had to memorize a set of
30 different words for 1 minute. At the end of the
time, numbered combinations of 5 words appeared
on the screen. The participant needs to recognize
the word that was presented for memorization, and
indicate it by pressing the appropriate key. In each
proposed combination of words it could be only
one word that was memorized. The technique took
4 minutes. Based on the test results, the following
indicators were determined: productivity, speed,
accuracy and efficiency.

Statistical analysis

Statistical processing of the obtained results was
performed using the “Statistica 12” software. Since
the analyzed indicators were non normal distributed,
the Wilcoxon rank sum test was used to determine
the statistically significant difference between
the samples. To present the data distribution, an
interquartile range was used, indicating the first
quartile (25% percentile) and the third quartile
(75%).

Results

According to the results of special working
capacity, all boxers were divided into two
conventional groups. The first group had a high
level of working capacity (from 200 conventional
units and above), the second group had a low level
of special working capacity (below 200 conventional
units). The first group included 12 athletes, the
second - 14 athletes.

The Table 1 presents the average values of the
“Establishing patterns” cognitive test for solving
verbal tasks in qualified boxers with different levels
of special working capacity. When performing
the “Establishing patterns” test, the functions,
perception of external information, operational
and logical thinking, as well as concentration, are

85



PEDAGOGY of Physical Culture

and Sports

activated. The higher values of the accuracy index
that were identified in terms of performing a verbal
test in boxers with a high level of special working
capacity indicated the ability to perceive and process
information, as well as concentration (Table 1).

Theresearch results showed that groups of boxers
with different levels of special working capacity
differ in terms of accuracy and efficiency when
performing a cognitive task with verbal stimuli. The
presence of significant better values of efficiency
in boxers with a high level of special working
capacity indicated the manifestation of logical and
operational thinking in terms of performing a verbal
test. Thus, a high level of special working capacity
in elite boxers that is indicated by the manifestation
of verbal intelligence with the activation of mental
functions of attention, speed of visual perception,
operational and logical thinking.

Table 2 presents the average values of the
“Comparison of numbers” cognitive test in solving
nonverbal problems in elite boxers with different

levels of special working capacity. The analysis
showed the presence of significant differences
between groups of boxers with different levels of
special working capacity in terms of efficiency,
solution latency and stability. The presence of
significantly higher values of efficiency in boxers
with a high level of special working capacity
indicates a better quality of processing of nonverbal
information.

At the same time, significantly higher values of
solution latency in this group of boxers indicate a
slowdown in the speed of nonverbal information
processing in boxers with a high level of special
working capacity (Table 2). It can be noted that
the special working capacity of boxers has a direct
relationship with quality and inverse relationship
with the speed of information processing.

Significantly higher values of stability in boxers
with a high level of working capacity indicate
a weakening of mental stress in boxers of this
group (Table 2). At the same time, the decrease in

Table 1. The average values of the “Establishing patterns” cognitive test in elite boxers with different levels
of special working capacity (median, lower and upper quartiles)

Parameter

High level of working capacity

Low level of working capacity

(n=12) (n=14)
19.00 20.00
Productivity, conventional units
17.00; 21.00 16.50; 21.00
4.65 4.26
Speed, conventional units
3.66;5.17 3.41;5.39
0.85 0.72*
Accuracy, conventional units
0.72;0.91 0.66; 0.83
60.00 43.60*
Efficiency, conventional units
46.80; 70.91 36.97; 51.60

Legenda: * - the difference is statistically significant comparing the two groups of boxers of high and low

working capacity (p =.05)

Table 2. The average values of the “Comparison of numbers” cognitive test in elite boxers with different
levels of special working capacity (median, lower and upper quartiles)

Parameter

High level of working capacity

Low level of working capacity

n=12) n=14)
1097.70 944.27*
Efficiency, conventional units
891.61; 1357.40 844.91; 1037.60
1080.60 904.13*
Solution latency, ms
877.68; 1283.20 808.34; 983.96
0.97 0.95
Accuracy, conventional units
0.93;0.98 0.94; 0.96
36.03 26.59*
Stability, %
32.47;40.76 21.59; 31.06*

Legenda: * - the difference is statistically significant comparing the two groups of boxers of high and low

working capacity (p =.05)
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Table 3. The average values of the “Word memory” cognitive test in elite boxers with different levels of
special working capacity (median, lower and upper quartiles)

Parameter

High level of working capacity

Low level of working capacity

(n=12) (n=14)

24.00 21.50
Productivity, conventional units

17.00; 27.00 15.50; 24.50

10.34 8.62%
Speed, conventional units

8.05;12.96 7.56; 10.60

0.80 0.71%*
Accuracy, conventional units

0.56;0.90 0.61;0.80

60.00 46.59*
Efficiency, conventional units

25.97; 78.75 26.43; 62.98

Legenda: * - the difference is statistically significant comparing the two groups of boxers of high and low

working capacity (p =.05)

the rate of stability in boxers with a slowdown in
special working capacity indicates the presence of
mental stress against the background of accelerated
processing of information.

The Table 3 presents the average values of the
“Word memory” cognitive test in elite boxers with
different levels of special working capacity. The
analysis showed significantly higher values of
speed, accuracy and efficiency in qualified boxers
with a high level of special working capacity. The
speed of verbal information memorizing is better in
boxers with a high level of special working capacity.
This fact indicates the importance of the verbal
factor for the assimilation of special information in
the training of boxers. The best values of accuracy
and efficiency indicate the relationship of special
working capacity in skilled boxers with the quality
and volume of memorized verbal information.

Discussion

The development of boxing at the present stage is
characterized by changes in the rules of competition
aimed at increasing the intensity and spectacle of
competitive fighting [18, 19]. The changes taking
place in boxing are aimed, firstly, at increasing
the safety from athlete’s injury, and, secondly, at
bringing the boxing scheme closer to the result that
is clear to the audience.

In addition, major changes in competition rules
are associated with encouraging boxer activity and
increasing the intensity of competitive combat [20].
In this regard, there is a need to restructure the
training program for qualified boxers, taking into
account the modern requirements of competitive
activities.

Therefore, in order to ensure the proper training
of qualified boxers, it is necessary to monitor the
functional state of the body. After all, the high
intensity of the fight requires boxers to maximize the
mobilization of psycho-emotional and functional

resources [21]. It is known that the functional
state of the athlete’s body reflects an integrated
set of characteristics, which are responsible for
the effectiveness of training and competitive
activities [22, 23]. One of the components of the
functional state of the body of qualified athletes
is psychophysiological functions [24, 25]. Based
on this, it is advisable to use the assessment of
psychophysiological functions for the needs of
current control for qualified boxers. However, among
the components of psychophysiological functions,
cognitive characteristics occupy a leading link [26,
27]. After all, due to the cognitive characteristics
of the athlete, it is possible to perceive and process
adequately the external information for successful
activation [28, 29].

The structure of competitive activity in boxing
includes elements of neurodynamic, psychomotor
and cognitive characteristics [30, 31]. Analysis of
modern research on the study of integrated control
in single combats shows that most of the work is
devoted to the study of certain characteristics of the
functional state of athletes in different conditions
of training and competitive activities [32]. However,
among many studies there is no comprehensive
approach to assessing the functional and
psychophysiological condition of qualified athletes.
In our research, we examined the relationship of
special working capacity with cognitive functions in
elite boxers.

It has been established that non-verbal
intelligence is important for boxers with a reduced
level of special working capacity in the training
process.  Obviously, non-verbal information
related to visual perception allows elite boxers to
compensate for the decrease in the level of special
working capacity. Boxers with a high level of special
working capacity have the best values of logical
and operational thinking in terms of performing a
verbal test. It was found that a high level of special
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working capacity in elite boxers is provided by
the manifestation of verbal intelligence with the
activation of the functions of attention, speed of
visual perception, operational and logical thinking.
The quality of non-verbal information
processing is better in boxers with a high level of
special working capacity. However, this affects the
speed of perception of non-verbal information,
which is better for boxers with a reduced level of
special working capacity. It can be noted that the
special working capacity of elite boxers has a direct
relationship with quality and inverse relationship
with the speed of information processing. The
speed of verbal information memorizing is better
in boxers with a high level of special working
capacity. This result indicates the importance of
verbal intelligence for the assimilation of special
information in the training of elite boxers.

Conclusions

In conclusion high level of special working
capacity of elite boxers is provided by activation of
verbal intelligence, logical and operational thinking.
In addition, the special working capacity of elite
boxers has a direct relationship with quality and
inverse relationship with the speed of information
processing. Finally, elite boxers with a high level
of special working capacity have a better speed of
verbal information memorizing.
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