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Abstract

Background. The investigation of psychophysiological functions in athletes is important to adapt the training process. In this paper,
we examine speed perception and decision-making during wrestling fights as a crucial component of performance. We argue that a
wrestler must anticipate the situation and speeded choices of response selection are required based on fast and frugal decision-making.
Aim. The approach investigates a psychophysiological test battery to test correlates of fast or slow decision making in wrestlers.
Method. 29 elite Greco-Roman wrestlers were examined. The psychophysiological states of wrestlers were studied by a test battery
of vision motor test, non-verbal intelligence, anticipation and heart rate variability. Those competences are correlated to fast or
slow decision-making time when choosing between different stimuli.

Results. The analysis revealed correlation between fast decision-making and visual perception, the increase of impulsiveness and
level of emotional strain during fights. In addition, faster decision- making was present in those wrestlers with high anticipation
ability and balance between processes of arousal and inhibition. The psychophysiological data suggests that fast decision-making
correlates with the autonomic regulation of the heart rate.

Conclusions. Fast decision-making in wrestlers seems to be related to a number of parameters in a psychophysiological test bat-
tery calling for a causal and experimental approach in the future and specific training of those factors allow wrestlers to improve
their decision time.
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Introduction

Modern sport activity characterized the use of new diag-
nostics and technology for improving the performance
of athletes [Barreiros et al. 2014; Gullich, Emrich 2014].
Recently training processes of athletes in Olympic and
professional sport have been individualized [Kozina et
al. 2015; Latyshev et al. 2021]. In addition test batteries
combining data of psychological, physiological, biochem-
ical and genetics methods and a psychophysiological
approach have been established [Chernozub et al. 2019;
Volodchenko et al. 2019]. How these new developments
adapt training process of elite athletes is promising but
requires an understanding of core relations such as when
athletes vary in their decision-making and what factors
of a psychophysiological test battery correlate with deci-
sion-making as well as provide a means for changing the
training regime [Davis et al. 2022].

We argue that an investigation of psychophysio-
logical functions is needed to understand individual
differences in decision-making before we can recom-
mend information for adapting the training process.
For instance, evidence suggests that psychophysiologi-
cal functions indicate the abilities of athletes to perform
special skills such as in wrestling the sport that is selected
for the current study given its decision-making processes
involved. For instance, the decision for a specific move-
ment how to attack the opponent [Podrigalo et al. 2019].
Moreover, psychophysiological states are often character-
ized by the level of functional and psychological reserves
of an athlete and partly genetically determined [Lyzo-
hub et al. 2021]. When we understand what factors of a
test battery correlate with decision-making of athletes it
seems plausible to change those that can be adapted for
talent development or the training regime in elite sports.

What do we know about the studies sport wres-
tling and performance-related factors? First, in recent
years the developed of Olympic wrestling changed the
rules of competition and produced new types of wres-
tling fights [Tunnemann, Curby 2016; Zadorozhna et al.
2021]. During the last ten years the rules of wrestling
competitions have changed several times. This produces
uncertainly and for the preparation of elite athletes new
ways to improve the training process are required such as
improving decision times when deciding the next move.
This rationale is supported by the increased intensity of
moves and dynamics in competition [Dokmanac et al.
2018; Markovic et al. 2020].

Why decision-making in wrestlers could correlate
with psychophysiological factors? The decision-making
is a main characteristic of cognitive processes in wres-
tling competition [Chen et al. 2017; Soto et al. 2020]. The
decision making requires the need of perceiving exter-
nal information, by anticipating and responding to the
actions of the opponents. Those decisions are context
specific but, at the same time underly basic processes

such as decision speed. Whereas previous research often
just diagnosed different outcome variables of decision
making in the current study we correlate those out-
comes to psychophysiological factors from a larger test
battery. Understanding the psychophysiological state
in wrestlers may provide new information to coaches
about physiological and psychological abilities of athlete
which can be used to change the training process and
in long-term improves outcome variables such speed
in decision-making as a core variable for performance
and success [Mirzaei et al. 2021; Sciranka et al. 2022].

In sum, we argue to fill a gap in research using test
batteries that combine data of decision- making and psy-
chophysiological processes of wrestlers. The features of
the current psychophysiological states in athletes have
been done often in isolation for instance when consid-
ering the preparedness of athletes [Cardoso et al. 2021;
You et al. 2022]. Similarly and studied in isolation evi-
dence suggests correlations of cognitive characteristics
with the competition performance in wrestling [Isik et
al. 2017; Frigout et al. 2020]. Further, the character of
sensory-motor response in wrestling with different age
and weight category have been investigated without
knowing the underlying processes as aimed for in the
current study [Alpay, Istk 2017; Chernenko et al. 2020].
Finally, the motivation for the current paper is the need
to understand motor-cognitive interactions and perfor-
mance in sports to establish individualized cognitive
strategies and interventions [Causer et al. 2013; Mus-
culus, Raab 2022].

The Rationale of the Study and Hypotheses

Our hypotheses focus on the links between psychophys-
iological state and decision-making in elite wrestlers.
Moreover, we speculate that time of decision-making and
reactions on visual stimulus are non-identical properties
but mutually related. We explore if components of the
psychophysiological state measured by the test battery
affect the quality of decision-making in different ways.
Whereas some authors believe the cognitive functions
and decision making property are identical [Curseu et
al. 2013; Nweze, Agu, Lange 2020] we rather assume that
these concepts are different and can be analyzed in rela-
tion of psychophysiological processes. Based on research
by Laborde and Raab [Laborde et al. 2013] we hypothe-
size that the higher level of parasympathetic activity of
heart rate variability produce faster decision-making.

Finally, we hypothesize that faster decision making
in athletes during competition situations correlates with
regulatory mechanism of psychophysiological functions.
Therefore we assume that decision-making is associated
with better cognitive and neurodynamics measures from
our test battery and regulated by emotional and inter-
nal tension.
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The aim: The approach correlates performance from a
psychophysiological test battery with fast or slow deci-
sion-making in wrestlers'.

Material and Methods

Participants

The 29 elite Greco-Roman wrestlers (males, Mean
age: 16,54+5,22, Mean sport experience 7,37+5,22)
were examined. All athletes were club members of
Kremenchuk city and cadets of the Ukraine team.

We separated the athletes into two groups via
median split: One group with fast decision- making
(n=15) and with slow decision-making (n=14).

The study was approved by Biomedical Research
Ethics Committees in accordance with the Ethical Stand-
ards of the Declaration of Helsinki. Informed written
agreement consent to the research was signed by the
athletes in accordance with the recommendations of the
Biomedical Research Ethics Committees.

The sample of athletes included all members of
cadets Ukraine team and thus no a-priori sample size
calculations have been realized.

Material, decision making and psychophysiological
test battery

The decision-making test included the assessment of the
threshold for processing external information based on
various differentiated stimuli. The different color stimu-
lus was presented on the monitor of computer with the
random sequences. The task of person was response on
the choice stimuli which correspond of task program.
The aim of this test was determine the response quickly
and correctly. With the results of the test performance the
parameters: dynamism, capacity of visual analyzer, deci-
sion-making time and impulsiveness were determined.
Athletes’ decision-making was studied with a test which
estimate the time needed solving decision-making tasks.
For the decision-making test a “Multipsychometer-05”
hardware-software was used [Tron et al. 2018]. Validity
and reliability of the test were verified by correlation
between psychophysiological parameters of competition
and decision-making test among senior elite wrestlers of
the Ukrainian team [Korobeinikova et al. 2020].

Procedure

After receiving informed consent, we tested all athletes
with a test battery reflecting the psychophysiological
state in elite wrestlers. We measured decision-making
thereafter as described above.

! Tt is an extension of the issue presented in the abstract
in the “International Journal of Wrestling Science” [ Turlykha-
nov et al. 2022].

The neurodynamics functions were studied by
standard tests that estimate of time latency of visual
motor response and anticipation. These tests indicate
the basic property of the abilities of nervous system to
perception and information processing from external
environment [Raab et al. 2019].

Non verbal intelligence was studied by using stand-
ard Raven’s Progressive Matrices. Non-verbal intelligence
was measured for fast behavior given in competitions
fast and frugal choices need to be made [Korobeynikov
et al 2021].

We measured heart rate variability with an elec-
trocardiography “Fazagraf” (Ukraine) system which
registered ECG and cardio intervals [Korobeynikov et
al. 2021].

The research was carried out in the first part of the
day before the wrestling training. Athletes have been
asked to refrain from eating an hour before the study. The
total testing was about two hours. After testing athletes,
coaches received the results of the study and practical
recommendations to adapt the training process accord-
ing to individual characteristics have been discussed.

The time of visual motor reaction was estimated
by time latency. The athlete responded to visual stimuli
as fast and accurately as possible. Fast responses reflect
the possibilities of human to activate neurons [Sherman,
Usrey 2021]. Test performance: response latencies and
stability of reaction were studied. The stability of the
reaction was determined by the coefficient of variation
(CV, %), the ratio of the standard deviation to the mean
value of the latency response [Loras et al. 2012].

As any decision-making requires information pro-
cessing we tested verbal and non-verbal intelligence. The
following parameters: productivity, speed of information
processing, accuracy and effectiveness were dependent
variables for the current study. Productivity was meas-
ured by all correctly completed tasks during execution.
The speed of information processing is determined by
the ratio of the amount of information to the test execu-
tion time. Accuracy is determined by the ratio of correct
tasks to the total number of completed tasks. The effec-
tiveness of test performance was studied by the ratio of
the correct number of tasks to the total number of tasks.

During a wrestling fight the prediction of the oppo-
nent’s actions are very important in sports often labeled as
anticipation [Gierczuk et al. 2018]. The anticipation test
determines the balance between arousal and inhibition of
the nervous system. The person must respond to the mov-
ing object which is presented on a computer monitor. We
measured accuracy, stability, arousal and arousal trend.

Further, we measured heart rate variability using
standard statistical and spectral characteristics. Specifi-
cally, the time-domain and geometric methods analyses
of heart rate variability were used. The following param-
eters NN, SDNN, CV and HRV triangular index were
used for data analyses.
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In addition, further parameters of heart rate vari-
ability (based on Baevsky et al. [2007]) were used. The
following parameters: Mo (Mode of cardio intervals),
AMo (Mode amplitude, number of cardio intervals cor-
responding with Mode, %), HRV rang (variation range,
difference between maximum and minimum cardio
intervals) and Stress Index (condition of adaptive abil-
ity) were selected for the data analyses.

The frequency-domain method analysis with the
estimation of high frequency (HF), low frequency (LF)
oscillation and LF/HF ratio of heart rate were used.

Data analysis

We used “Statistica 12” software for data analyses. Since
the analyzed indicators were not normally distributed,
the Wilcoxon rank sum test was used to determine the
statistically significant difference between the groups.
To present the data distribution, an interquartile range
was used, indicating the first quartile (25% percentile)
and the third quartile (75%).

Results

Results indicate variance in decision-making times of the
applied task. The variables of decision-making time test
in wrestlers are presented in Table 1. Decision-making
time in wrestlers fluctuates (518,63+83,63 ms) that are
meaningful differences to influence performance in wres-
tling. We used median-split separating wrestlers into two
groups: fast decision-making (n=15) and with increased
time of slow decision-making (n=14). We argue that
wrestlers with fast decision-making characterize dynamic
performance of the nervous system by switching from
arousal to inhibition. Moreover, dynamic adaptations of
nervous system relate to better performance in motor
skills [Gierczuk, Ljach 2012; Korobeinikova et al. 2020].

In sum, the time reduction of decision-making is
related to the increase of the capacity in visual analyzer
in wrestlers.

The increase in capacity of visual analyzer links with
faster information from the environment.

Simultaneously, wrestlers who are faster at deci-
sion-making observe the predominance higher
impulsiveness and automaticity in the control of move-
ments [Congdon et al. 2008].

The variables of vision motor response in wrestlers
with different decision-making time is displayed in Table
1. The decrease of latent reactions in the visual motor
response in wrestlers with fast decision-making is under-
stood as an increase of information processing speed.

The stability of the latent period of visual motor
response (coefficient of variation, CV) is indicated by
the level of emotion strain of an athlete. Lower stability

in wrestlers is associated with higher emotional stress.
Thus, the increase in visual information processing speed
is accompanied by emotional strain in wrestlers.

The results of non-verbal intelligence showed Raven
test scores in wrestlers with faster decision-making
(Table 1). Improvement of productivity and speed of
non-verbal information processing relates to higher qual-
ity and quicker decision-making. The results reveal that
faster time of decision-making in wrestlers is associated
with higher volume, speed and quality of perception
and information processing of non-verbal information.

As argued above anticipation is a key property which
provides athletes an advantage in wrestling fights. The
research of anticipation showed parameters of accuracy
and stability in wrestlers correlate with faster deci-
sion-making (Table 1). This fact testifies that anticipation
links with the balance between arousal and inhibition
of the nervous system and correlates with shorter deci-
sion-making in wrestlers. This property gives the wrestlers
quickly and accurately responses to opponent’s actions.

In sum, anticipation links with the balance between
arousal and inhibition of nervous system in wrestlers. We
established that faster decision-making is accompanied
by high arousal in wrestlers. In wrestlers with faster deci-
sion-making observed the balance between processes of
arousal and inhibition is present. The variable of arousal
indicates the ability of athletes to perform their special
skills. The current findings corresponded with research
that indicates an optimal between level of technical skills
of athletes and optimal arousal [Movahedi et al. 2010].

One of the main properties which influence the
psychophysiological state of a human is heart rate vari-
ability. The heart rate variability indicates the activation
of autonomics nervous system of the human body. The
changes of parameters of heart rate variability character-
ized are not only states of the cardiovascular system, but
likewise the adaptation processes of the whole organism
of the athlete [Laborde et al. 2007].

The time-domain method of analysis of cardiac
intervals shows a decrease in the following variables:
SDNN and CV. This indicates increased strain of the
autonomic nervous regulation in wrestlers with fast time
of decision-making. The tension of autonomic regula-
tion in wrestlers with fast time of decision-making occur
for reason of simultaneously effect to influence to the
sinus node of sympathetic and parasympathetic divi-
sions [Korobeynikov et al. 2016].

Summarizing, the decline of decision making
time in wrestlers links with mobilization of the internal
resources of the athletes. In contrast, it shows as well
an increasing level of tension that requires regulatory
mechanisms of the autonomy of the nervous system to
counteract the strain.

The analogy results were obtained for geometric
method of analysis. The increase of Mo and AMo, as well
as the decline of HRV triangular index points to the rise
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Table 1. The variables of research in wrestlers (median, lower

and upper quartiles)

Fast time of

Slow time of

Variable decision- making decision- making
(n=15) (n=14)
decision-making test
Dynamism, 56.18 50.19*
conventional units 51.60; 58.85 44.15; 58.88
Capacity of visual
analyI;er, c};nventional 1.34 L12%
. 1.30; 1.37 1.07; 1.21
units
Decision-making 470,00 560,00*
time, ms 410,005 500,00 530,00; 620,00
Impulsiveness, -0.38 -0.42*
conventional units -0.47; -0.36 -0.44; -0.21
visual motor test
response
Latent time of 326.31 352.83%
response, ms 315.77; 342.17 315.54; 369.10
. 12.12 13.87*
Stability, % 9.794; 15.36 12.75; 15.30
non-verbal test
Raven
Productivity, 9.00 6.50%
conditional unit 4.00; 9.00 4.00; 7.50
Speed of information
b processing, 415 3.63°
. . 3.18; 4.63 3.16;4.01
conditional unit
Accuracy, conditional 0.75 0.54%
unit 0.33;0.75 0.33; 0.2
Effectiveness, 53.57 25.99*
conditional unit 7.93; 53.57 7.93;35.91
anticipation test
Accuracy, 2.86 3.12%
number of errors 2.27;3.99 2.68; 4.82
. 3.54 4.21*
Stability, % 3.31; 4.50 3.47,5.05
Arousal, 0.29 0.09*
conditional unit 0.02; 3.22 -0.82; 1.66
Arousal trend, 21.26 61.14*
conditional unit -65.64; 128.85 -68.06; 176.37
heart rate variability
750.00 736.00*
NN, ms 654.50; 867.50  644.00; 922.00
50.50 69.00*
SDNN, ms 28.50;64.50  35.00; 117.00
6.04 9.33%
CV. % 4.48; 7.45 5.10; 11.53
HRYV triangular index, 8.29 12.94*
conditional unit 6.52;11.26 9.37;18.67
Mo, ms 725.00 700.00%*
650.00; 850.00 625.00; 775.00
39.24 32.60*
AMo, % 34.80; 52.48 24.32; 48.00
236.30 361.80*
HRV rang, ms 130.85; 339.85  181.60; 505.90
Stress Index, 112.15 62.99*
conditional unit 59.73; 325.70 20.44; 195.70
47.10 46.15
LE % 36.90; 58.45 27.50; 54.30
38.95 37.10
HE % 24.25; 44.95 19.40; 50.00
1.35 1.34
LE/HF 0.82;2.225 0.55; 2.58

Legend: * p =.05, for the wrestlers of different times of deci-

sion-making

of tension of autonomic regulation through of activation
of humoral and central components [Korobeynikov et al.
2021]. The Stress Index parameter shows the prevalence
of the central regulation over the autonomy regulation
of autonomy nervous system in wrestlers with faster
decision-making [Bakayev et al. 2019].

The frequency-domain method of heart rhythm
found no significant of differences between both groups
of wrestlers. Obtained results indicate that the spectral
analysis in normalized units eliminates the differences
between the studied groups of athletes.

Moreover, the low and high-frequency power of
heart rate does not fully reflect activity of aperiodic fluc-
tuations [Spiers et al. 1993; Lensen et al. 2020].

Thus our research observed some links between
a property of decision-making and abilities of athletes
to anticipate and state of the autonomic nervous sys-
tem. Moreover, the mechanisms of relation between
main parameters of psychophysiological state and deci-
sion-making in elite wrestlers has not been devoted. For
the study, the Spearman’s rank correlation analysis coef-
ficient was used. In Table 2 we present the correlation
analysis between decision-making time and values of the
psychophysiological state in elite wrestlers (only signifi-
cant correlation coefficients are displayed).

Table 2. Correlation relation between decision-making time
and values of the psychophysiological state in elite wrestlers

Reduced time of Increased time of

Variable decision- making decision-making
(n=15) (n=14)
Speed of information
rocessin
(ncf)n—verbalgtest 0.37 -0.89
Raven)
Accurac
(anticipationytest) 0,56 0.15
Arousal E:;ltt)lapatlon 0.42 0.52
SDNN 0.39 0.06
HRV rang 0.40 0.08
LF -0.33 -0.17
HF 0.35 -0.07
LF/HF -0.50 0.01

Obtained data of correlation analysis larger numbers
of reliable correlation coeficient in wrestlers with faster
decision-making. The improvement of decision-making
in elite wrestlers carried out by enhanced of anticipa-
tion and optimization of autonomic system regulation
as indexed by heart rate.

Discussion

The aim of the study was to examine a set of psychophys-
iological tests to evaluate the correlation between fast
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and slow decision making in wrestlers. For this task, the
relationships between decision-making and parameters
of neurodynamics, non-verbal intelligence, and heart
rate variability were investigated.

The psychophysiological condition is the basis of
the functional preparedness of elite athletes. Modern
Olympic wrestling is characterized by the increase of
intensiveness and motivation from a referee of active
performance during fight. This relationship is connected
with the changes of rules and increasing spectacularly of
competition matches of wrestling [Tunnemann, Curby
2016; Latyshev et al. 2021]. In these difficult condi-
tions of competitive activity arises the needed of quick
perception and information processing of external infor-
mation for responses to the activities from the opponent
[Sciranka et al. 2022]. Recent research investigated ath-
letes’ performance in regard to decision-making. The
decision-making in elite sport activity links with moti-
vation to achieve [Raab et al. 2022]. There is motivation
to achieve more advantage in elite athletes [Gustafsson
et al. 2018; Ong 2019]. But competitive achievements
are limited by personality abilities (psychophysiologi-
cal functions) to perform decision-making [Konings
et al. 2018].

Psychophysiological decision-making mechanisms
in wrestling practice are very complex. Our research
has shown that fast the decision-making time leads to
an increase in the emotional strain of wrestlers. This is
indicated by accurate and faster decisions under condi-
tions of emotional strain.

We assume that the emotional stress of athletes
provides additional resources for an effective response
to situations that arise in a duel [Podrigalo et al. 2017].
This also applies to the perception and processing of
non-verbal information. An athlete at a competition is
affected by many non-verbal stimulating influences: the
place of the competition, the atmosphere in the hall, the
behavior of the referees, etc. This situation requires selec-
tive and optimized information processing. Therefore,
the decision-making time reflects the ability of human
potential to respond spatially in competitive situations.

One property that gives a wrestler an advantage
during competition is anticipation [Huesmann et al.
2021]. Our study found that anticipation is related to
the balance between arousal and inhibition in wrestlers.
This leads to faster decision time and responding accu-
rately and quickly to the opponent’s actions. In turn, this
improves the process of enabling special skills. Obtained
results corresponding with the research showed positive
relations of special performance of athletes and optimal
arousal [Saberi Moghadam et al. 2019].

Heart rate variability has been used as an indicator
of the psychophysiological state of an athlete in various
studies [Laborde et al. 2017]. In our studies, an increase
in the level of tension in the autonomic regulation of the
heart rhythm was established due to a decrease in deci-

sion-making time. It has been previously shown that fast
and high-quality decision-making leads to the mobiliza-
tion of resources and, as a result, to emotional stress among
wrestlers [Korobeynikov et al. 2021]. Thus, the improve-
ment of decision-making in elite wrestlers is carried out
due to the tension of emotional-vegetative regulation.

In a nutshell, correlation analysis showed the
relationship between decision-making and psychophys-
iological state of wrestlers.

Conclusion

Decision-making performance varies between athletes
correlates with visual perception, impulsiveness and level
of emotional strain indicate avenues for future causal
studies. We conclude that understanding individual
differences in decision times of wrestlers underlying
psychophysiological processes need to be assessed before
arecommendation of training regimes can be provided.
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Stan psychofizjologiczny i podejmowanie
decyzji u zapasnikow

Stowa kluczowe: stan psychofizjologiczny, zapasnicy, pode-
jmowanie decyzji

Streszczenie

Tlo. Badanie funkcji psychofizjologicznych u sportowcow jest
wazne dla dostosowania odpowiedniego procesu treningowego.
W tym artykule autorzy badali postrzeganie szybkosci i pode-
jmowania decyzji podczas walk zapasniczych jako kluczowego
elementu skutecznosci. Stwierdzono, ze zapa$nik musi prze-
widywac sytuacje, a szybki wybor reakcji jest wymagany w
oparciu o szybkie i oszczedne podejmowanie decyzji.

Cel. Zagadnienie to badane byto za pomocy serii testow psy-
chofizjologicznych do testowania korelatéw szybkiego lub

wolnego podejmowania decyzji u zapasnikéw.

Metoda. Przebadano 29 elitarnych zapasnikéw stylu klasycz-
nego. Stany psychofizjologiczne zapa$nikow badano za pomocg
serii testowej: testu wzrokowo-ruchowego, inteligencji niewer-
balnej, przewidywania i zmiennosci rytmu serca. Kompetencje
te sg skorelowane z szybkim lub wolnym czasem podejmowa-
nia decyzji przy wyborze miedzy réznymi bodzcami.
Wyniki. Analiza wykazala korelacje pomiedzy szybkim
podejmowaniem decyzji a percepcja wzrokowa, wzrostem
impulsywnosci i poziomem napiecia emocjonalnego podczas
walki. Ponadto szybsze podejmowanie decyzji wystepowalo u
zapasnikéw o wysokiej zdolnosci przewidywania i rownowadze
miedzy procesami pobudzenia i hamowania. Dane psychofiz-
jologiczne sugeruja, ze szybkie podejmowanie decyzji koreluje
z autonomiczng regulacja tetna.

Whioski. Szybkie podejmowanie decyzji u zapa$nikéw wydaje
sie by¢ zwiazane z szeregiem parametréw zestawu testow psy-
chofizjologicznych, ktére wymagaja w przysztoéci podejscia
przyczynowego i eksperymentalnego, a specyficzny trening
tych czynnikéw pozwoli zapasnikom na poprawe czasu pode-
jmowania decyzji.




