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Abstract: The aim of this study is to study the cognitive properties and decision-making in judokas
of different genders. The study involved 57 elite judokas: 33 male (age 26.62; SD=3.62) and 24 female
(age 24.73; SD=3.57). Testing relevant cognitive functions we applied a multidimensional strategy by
testing, perception speed, number comparison, memory for words, pattern making, decision making
time. All the tests are part of the computer psychodiagnostic complex. Nonparametric methods
(median, quartile range), correlation (Spearman) and multiple regression analysis were also used.
The obtained results showed gender-specific effects in cognitive functions in elite judokas. Female
judokas have better indicators of visual perception productivity. Male judokas have predominantly
faster of information processing, non-verbal intelligence and better processing of verbal information.
The study of the decision-making variable showed significantly higher values of quick decision in
male judokas compared to female. It was found that decision-making in elite judokas is determined
by the speed and quality of processing verbal and non-verbal information. Gender features of
cognitive activity are characterized by the predominance of a quick response to a non-verbal stimulus
in male judokas against the background of the predominance of qualitative properties of visual
perception and processing of non-verbal information in female judokas.

Keywords: gender effects; cognitive functions; elite judokas; visual perception; decision-making

1. Introduction

The trend of modern Olympic sports is characterized by increasing the attractiveness for
spectators [1]. This concept is realized by Olympic Committee and the position of international sports
federations on the popularity of sports and the Olympic movement [2]. Smaller sports such as
wrestling or judoka may need to show professional activities in such environments.

In addition, elite athletes need to be selected in squads based on factors known to be related to
performance and to win [3,4]. In the following we focus on elite kind sports in which selection for
squads may relay on small differences and test whether cognitive functions can explain partly
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performance differences. In addition, we question whether the same thresholds or criteria should be
used for male and female athletes. If we find gender-specific differences in cognitive function that
would have consequences for elite selection and training and provide one avenue to increase gender
equality and reduce gender data gaps [5,6].

We chose martial arts and specifically judo as a test bed for our research question because these
sports are characterized by a dynamic situation between two people fighting and cognitive functions
such as quality of a decision and speed of responding in our utmost importance. In elite judo as an
Olympic sport the need for cognitive functions is a prerequisite for excellent execution of throws,
athletes' decision-making conceptualized in technical and tactical skill.

Elite judoka performance is best explained multidimensional given that the effectiveness of an
athlete in judo is determined by a number of factors that are associated with individual properties
[7,8]. Here we focus on cognitive functions we assess with a multidimensional test battery. Most of
the judokas behaviors have been previously related to cognitive functions such as an athlete’s ability
to quickly visually perceive and make optimal decisions [9]. In addition most, technical skills in
martial arts require cognitive functions such as motor qualities and conditional abilities such as,
strength, endurance, and speed [10,11]. Coordination abilities and the ability to perform complex
movements [12] and quickly perform special technical actions while anticipating the opponent’s
actions requires cognitive functions as well [13,14]. Importantly for our rationale is that cognitive
function to relate to performance and success.

For instance, empirical evidence suggests that successful martial arts athletes, especially in judo,
that predict their opponent's actions well have a higher chance of winning [15,16]. Predicting the
opponent's actions indicates the property of anticipation and decision making [17]. Athletes with a
high level of anticipation can predict the opponent's latest actions, their movements, and quickly
respond to them. In fact, anticipation is the basis of the counterattacking fighting style in martial arts
[18]. At the same time, the greatest factor influencing the effectiveness of athletes' active movements
is the ability to make optimal and fast decisions under limited time [19]. Competitive activity in judo
is characterized by rapid changes in the situation and motivation from the referee to the active actions
of athletes on the tatami [20]. The speed of decision-making in martial arts is due to the properties of
the nervous system of athletes to quickly switch from excitation processes to inhibition processes [14].
This property is partly genetically determined and is associated with the functional state of the
athlete's body [21]. Thus, the ability to make adequate decisions is the outcome of cognitive functions
we test [22]. The nature of perception, analysis of information and decision-making by athletes in a
competitive fight depends on the optimal level of verbal and non-verbal intelligence [23]. In
summary, even some empirical evidence exists for some cognitive functions and as argued above,
learning and improving technical skills requires cognitive functions [24] a full understanding of the
multidimensional assessment of cognitive functions in elite judoka is missing and needed to guide
talent selection and talent development in the future.

Talent selection and talent development often require age, experience and gender-specific
recommendations. As argued above gender-data-gaps not always allow us to transfer knowledge
from males to females and thus its important to provide gender-specific recommendations with a
balanced assessment. In elite judoka, for instance, female's participation in international judo
competitions began in the 20th century. The first demonstration of female in judo was at the XXIV
Summer Olympic Games in 1988 in Seoul. At the last Olympic Games in Barcelona, female's judo was
included in the main program. Despite some history of participation in international judo
competitions the gender-data-gap is prominent in judoka [25].

Given the state of the art presented above the aim of the study is to describe specific effects of
cognitive functions in elite judokas. We extend the study of univariate attempts to a large battery of
tests [26-28]. In addition, we explore without specific hypotheses of the gender-specific effects how
cognitive functions differ in male and female elite judokas.


https://doi.org/10.20944/preprints202503.1647.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 March 2025

2. Materials and Methods

Participants

The study involved 57 elite judokas: 33 male (age 26.62; SD=3.62) and 24 female (age 24.73;
SD=3.57). All participants were informed about the purpose and procedures of the study. During the
study, the participant’s health status was examined. In addition, the procedure and course of the
study complied with the ethical standards of the Helsinki Declaration. The study program was
submitted to the local Biomedical Ethics Committee (dated 15.01.2025, protocol no. 1).

Study Design

The entire study was conducted one day. After the briefing, the participants were familiarized
with the procedure of the study. Between cognitive functions’ tests, a rest period of 3-5 minutes was
given.

Research Methods

The first test in our study used visual perception according to the "Perception Speed" test. Visual
perception is a very important property in the link of the psychophysiological system of ensuring the
athlete's movement [29]. Optimal perception and processing of information for decision-making
improves the indicators of special abilities in judokas [19]. This test evaluates the features of visual
perception, attention and thinking through assessments of the speed and accuracy of the relationship
and identification of geometric figures. There were four geometric figures on the monitor. The
subject's task was to recognize a fragment as a whole figure. The following variables were assessed
for the test results: productivity, speed, accuracy and efficiency.

The second test assessed non-verbal intelligence using the "Number Comparison” test. Non-
verbal intelligence is related to the ability of athletes to adequately perceive information from the
environment and analyze it to form tactical strategies [9]. The procedures of this test include
comparing the last and next numbers and evaluating the highest values. (from 2 to 9). The following
variables were assessed based on the test results: efficiency, latent response, accuracy and stability.

The third test concerned the study of "Memory for words". This test examines the volume and
stability of short-term memory for a verbal stimulus. The task of this test is to reproduce a sequence
of words (out of 30) after memorizing them for 1 minute. The results of this test assessed productivity,
speed, accuracy and efficiency.

The fourth test, “Pattern Making”, was used to examine verbal intelligence, thinking, and
working memory. Verbal information helps the judoka make decisions in accordance with the
instructions of the coach's second [30]. The procedure of this test is characterized by choosing one
correct word out of 5 words. The task of the test is a quick and accurate solution. Based on the results
of the test, the following were assessed: productivity, speed, accuracy and efficiency.

Five tests are related to the assessment of decision making time. The principle of this test is
related to the choice of response to three color stimuli: red, green and yellow. The person's task was
to quickly press the appropriate button (right or left) in accordance with the appearance of red or
green color. The decision making time is estimated as the interval from the moment the signal
appeared to the person's reaction.

All the previously described tests are part of the computer psychodiagnostic complex
"Multipsychometer-05".
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Statistical Analysis

The Wilcoxon rank sum test was used to assess differences between variables. Nonparametric
methods (median, quartile range), correlation (Spearman) and multiple regression analysis were also
used using the.

3. Results

The first link in the cognitive process of a judoka is perception and decision-making in a
competitive fight. Control and quick reaction to the opponent's actions is a factor in success in judo.

Table 1 presents the results of the "Perception speed" test among elite judokas of different
genders.

Table 1. Variables of the "Perception speed"” test in elite judokas of different gender (median, median, quartile

range).
Variables Females (n=24) Males (n=33)
Productivity, conditional unit 59.50 (19.00) 62.00 (22.00)*
Speed, conditional unit 17.37 (4.37) 16.50 (4.51)
Accuracy, number of mistakes 0.96 (0.13) 0.95 (0.09)
Efficiency, conditional unit 42.52 (22.82) 45.16 (24.31)*

Legend: * p =.05, indicates significant differences of cognitive functions by gender.

The obtained analysis showed significant differences between both groups of athletes in the
variables of productivity and efficiency of visual perception. According to the result, the quality of
visual perception is higher in men than in women. Table 2 presents the results of the "Number
Comparison” test in male and female judokas. The result revealed significant values of the latent
response in male judokas, which indicates an increase in the speed of processing non-verbal
information. In addition, higher performance indicators in female judokas indicate a better quality of
processing non-verbal information.

Table 2. The variables of test "Number Comparison" in elite judokas of different gender (median, median,

quartile range).

Variables Females (n=24) Males (n=33)
Efficiency, conditional unit 1025.15 (228.99) 930.52 (283.03)*
Latency of solving, ms 985.16 (237.67) 888.47 (259.62)*
Accuracy, number of mistakes 0.97 (0.03) 0.96 (0.04)
Stability, % 25.31 (11.66) 24.70 (8.85)

Legend: * p =.05, indicates significant differences of cognitive functions by gender.

Thus, the obtained results showed that male judokas differ from female judokas in faster
information processing. At the same time, female judokas have a higher quality of non-verbal
information processing. This result is consistent with the data of some authors who have shown that
gender differences in motor skills in martial arts representatives are manifested in the predominance
of fast characteristics in men and qualitative characteristics in women [31,32]. Analysis of the
"Memory for words" test showed that the speed and efficiency of verbal information processing in
female judokas is significantly higher than in men. This fact indicates that the manifestation of
cognitive functions of verbal memory in females is better than in men (Table 3).


https://doi.org/10.20944/preprints202503.1647.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 March 2025

Table 3. The variables of test "Number Comparison" in elite judokas of different gender (median, median,

quartile range).

Variables Females (n=24) Males (n=33)
Productivity, conditional unit 20.00 (6.00) 19.00 (6.00)
Speed, conditional unit 12.90 (5.45) 11.08 (4.56)*
Accuracy, number of mistakes 0.67 (0.18) 0.65 (0.17)

Efficiency, conditional unit 38.89 (26.95) 34.31 (24.30)*

Legend: * p =.05, indicates significant differences of cognitive functions by gender.

The study of verbal intelligence using the “Pattern Making” test established reliably high
efficiency rates in female judokas (Table 4). The obtained result correlates with the early results of the
“Comparison of numbers” test. It can be summarized that male judokas have more significant
characteristics of the efficiency of processing verbal and non-verbal information.

Table 4. The variables of test “Pattern Making in elite judokas of different gender (median, median, quartile

range).
Variables Females (n=24) Males (n=33)
Productivity, conditional unit 19.00 (5.00) 19.00 (5.00)
Speed, conditional unit 4.82 (1.81) 4.00 (1.44)
Accuracy, number of mistakes 0.800 (0.18) 0.90 (0.18)
Efficiency, conditional unit 59.74 (29.85) 67.26 (34.10)*

Legend: * p =.05, indicates significant differences of cognitive functions by gender.

Thus, the conducted analysis among elite judokas of different genders established the presence
of manifestations of gender features in cognitive characteristics. The productivity of visual perception
in female judokas has better values than in male. In addition, it was found that the processing of non-
verbal and numerical information in males is manifested at a higher speed than in females. At the
same time, male judokas showed a higher efficiency of processing verbal information compared to
male judokas.

The most characteristic feature that support a quick reaction to the opponent's active actions and
the effectiveness of technical combat movement in martial arts are decision making [33,34]. Decision
making time is a criterion for an athlete's ability to act quickly under time constraints. Our study
found that female judokas have a significantly higher decision time than male judokas (Figure 1, p <
.05). This fact indicates faster decision making in male judokas.

550

500

450

400

350

300

250

Figure 1. Decision making time (ms) in elite judokas gender.

In our opinion, decision making is a property that depends on various components of cognitive
functions in elite judokas. We conducted a multiple regression analysis between the dependent
variable — decision making time and independent variables of cognitive functions. The result of
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multiple regressions gave two models of decision making for judokas: for female (table 5) and for

male (table 6).
Table 5. Multiply regression model in elite female judokas.
Standardized
Unstandardized Coefficien an a.r '1ze
Model Coefficient T p-value
B Std. Error Beta
Constant -6095.01 1870.45 -3.25 0.009
P ivity of 1
roductivity of verba 48.59 25.70 3.60 1.89 0.09
intelligence
Speed of verbal intelligence -33.81 14.83 -0.80 -2.27 0.04
Efficiency of verbal intelligence -11.86 4.78 -3.18 -2.47 0.03
Productivity of memory 38.70 26.19 3.49 -1.47 0.17
Accuracy of memory 1075.05 763.45 2.54 1.40 0,19
Speed of memory 30.97 13.04 1.62 2.37 0.04
Accuracy of visual perception 1137.88 643.11 1.50 1.76 0.11
Efficiency of visual perception -4.47 3.57 -0.95 -1.25 0.24
Efficiency of non-verbal
. . 4.13 1.18 15.37 3.49 0.01
intelligence
Latency of non-verbal decisions -4.08 1.25 -13.47 -3.25 0.019
Accuracy of non-verbal
. . 5360.48 1491.80 5.36 3.59 0.005
intelligence
Stability non-verbal intelligence -10.08 3.22 -1.39 -3.12 0.01

According to the obtained model, the multiple regression coefficient has a high level (R= 0.83,
F=12.9), as does the determination coefficient (R*>= 0.70, Adjusted R? = 0.30). This fact indicates a
significant contribution of independent variables to the dependent variable (decision-making time).
Thus, the decision-making time of female judokas depends on the speed and quality of perception of
verbal and non-verbal information.

Table 6. Multiply regression model in elite male judokas.

Unstandardized CoefficienStandardized Coefficient

Model B Std. Error Beta T prvalue
Constant -3316.80 1443.20 -2.29 0.04
Productivity of verbal intelligence 41.06 2491 3.04 164 0.12
Speed of verbal intelligence -20.84 14.45 -0.49 -1.44 0.17
Efficiency of verbal intelligence -8.59 4.45 -2.30 -1.92  0.08
Productivity of memory -38.03 24.29 -3.43 -1.56 0.14
Accuracy of memory 1114.55 696.81 2.63 1.59 0.13
Efficiency of visual perception 1.33 1.53 0.28 0.86 0.40
Efficiency of non-verbal intelligence ~ 2.79 117 10.38 2.38 0.03
Latency of non-verbal decisions -2.70 1.25 -8.91 -2.14 0.05
Accuracy of non-verbal intelligence  3634.04 1460.03 3.63 2.48 0.03
Stability non-verbal intelligence -8,36 3.40 -1.15 -2.45 0.03

The multiple regression model of decision-making time in male judokas is characterized by
almost the same independent variables as in female. The difference is that the variables of
memorization speed and visual perception accuracy are not included in the model of male judokas.
The multiple regression coefficient is R = 0.72 (F = 10.11), the determination coefficient is R? = 0.51
(adjusted R? = 0.68). The obtained fact showed a significant influence of independent variables on
dependent variables (decision-making time). Thus, in male judokas, decision-making time is
determined by the speed and quality of verbal and non-verbal information processing.
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It can be argued that decision-making in judo is an integral criterion for an athlete's ability to
adequately respond to the opponent's active actions in a limited time. In fact, the training process
continues to form a functional system that is responsible for the effectiveness of an athlete's
perception and processing of information. Traditionally, correlation analysis between variables
characterizing the main elements of this system is used to assess the functional system [35].
Correlation analysis (Spearman) found 12 significant coefficients (rs = 0.39-0.72, p <0.05) in male
judokas between visual perception ability (“Perception speed”) and verbal intelligence (Image
“Pattern Making”).

Between the variables of the "Pattern Making" test (productivity, accuracy, and efficiency) and
the variables of the "Number Comparison" test (accuracy), 3 significant correlation coefficients
(rs=0.47-0.54, p<0.05) were obtained in men. This fact indicates a relationship between the qualitative
characteristics of verbal information processing and the accuracy of non-verbal stimulus
manifestation. We established 5 significant correlation coefficients (rs=0.35-0.42, p<0.05) between the
variables of the “Memory for words” test (productivity, speed, accuracy, and efficiency) and the
variables of the “Perception speed” test (productivity, speed, and accuracy). This result revealed the
presence of relationships between the speed of visual representation and memory in male judokas.

Among the variables of "Memory for words" (productivity, speed, accuracy and efficiency) and
the variables of the test "Number Comparison" (productivity, speed and accuracy), 4 significant
correlation coefficients (rs=0.35-0.40, p<0.05) were found. This indicates a relationship between non-
verbal intelligence and memory in male. Correlation analysis obtained 3 significant correlation
coefficients (rs=0.46-0.48, p<0.05) between the variables of the test "Perception speed" (productivity,
accuracy and efficiency) and the variables of the test "Number Comparison” (accuracy). This result
indicates a relationship between the quality of visual perception and the accuracy of non-verbal
information in male judokas.

Verbal

12 coefficients intelligence

correlation
(rs=0.39-0.72, p<0.05)

5 coefficients
correlation
(r5=0.35-0.42, p<0.05)|

Speed of

Memory

0.47-0.54

3 coefficients
correlation
p<0.05)

4 coefficients
correlation
(rs=0.35-0.40, p<0.05)

3 coefficients
correlation
(rs=0.46-0.48, p<0.05)

(rs

Non-verbal
intelligence

Figure 2. Correlation relationships between cognitive properties in elite male judokas (by Spearman).

Thus, the correlation analysis revealed the relationships between the variables of cognitive
functions in male judokas (Figure 2). It was noted that the speed of perception and verbal intelligence
showed a greater number of significant correlation coefficients. Verbal intelligence also has a
relationship with non-verbal intelligence. Moreover, non-verbal intelligence has significant
correlations with the speed of perception and memory.

In female judokas, 3 significant correlation coefficients (rs=0.35-0.62, p<0.05) were found between
the variables of the “Pattern Making” test (productivity and speed) and the variables of the "Memory
for Words" test (productivity and speed). This fact indicates a connection between verbal intelligence
and memory in female judokas.

Between the variables of the "Pattern Making" test (productivity, speed, accuracy and efficiency)
and the variables of the "Perception speed" test (speed, accuracy and efficiency), 6 significant
correlation coefficients (rs=0.35-0.67, p<0.05) were obtained in women. This result indicates to
relationship between the speed of visual perception and verbal intelligence.

Four significant correlation coefficients (rs=0.38-0.42, p<0.05) were found between the variables
of the "Perception speed" test (productivity and speed) and the variables of the “Memory for words”
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test (productivity and speed). This result showed the relationship between visual perception and
memory in female judokas.

Four significant correlation coefficients (rs=0.44-0.47, p<0.05) were found between the variables
of the "Perception speed" test (productivity and speed) and the variables of the "Number
Comparison" test (efficiency and latency). This fact indicates the relationship between the speed of
visual perception and non-verbal intelligence.

Thus, the conducted correlation analysis revealed the relationships between the variables of
cognitive functions in female judokas (Figure 3).

Verbal
intelligence
3 coefficients
correlation
(rs=0.35-0.62, p<0.05)

6 coefficients
correlation
(rs=0.35-0.67, p<0.05)
4 coefficients
correlation
(rs=0.38-0.42, p<0.05)

Speed of
perception

4 coefficients
correlation
(rs=0.44-0.47, p<0.05)

Non-verbal
intelligence

Figure 3. Correlation relationships between cognitive properties in elite female judokas (by Spearman).

Relationships were found between verbal intelligence, perceptual speed, and memory in female
judokas. Relationships were also found between perceptual speed, memory, and nonverbal
intelligence.

4. Discussion

The study aims to describe relationship between cognitive functions, including decision-making
in elite judokas of different genders. We added to the knowledge gained about cognitive functions
and decision making in judokas [9,27]. Moreover, we explored that the gender-specific effects have
potential implications for talent selection and talent development in, for example, elite athletes [36].

In our study were examined 57 elite judokas (33 male and 24 female). The cognitive functions
were studied multidimensional by a tests battery with asses of features of visual perception,
information processing of verbal and von-verbal information, decision making and time response on
differential stimulus.

The obtained results are consistent with some assumptions about faster reaction in male athletes
and slower sensory reactivity speed in female athletes [32]. At the same time, women have high
quality of non-verbal information processing and verbal memory. In contrast, male judokas have
lower quality and higher speed of information processing.

Also we established that in male judokas verbal test characterized high level of efficacy of
information processing. This result is consistent with data that showed that verbal abilities are higher
in females when learning writing and phonetics. Semantic skills are higher in males [37,38].

We can observe gender differences in cognitive functions in elite judokas. Female judokas have
better indicators of the productivity of visual perception. In male judokas, the speed of information
processing, non-verbal intelligence and high-quality processing of verbal information prevail.

The study of the decision making variable showed significantly higher decision times in male
judokas compared to females. We argue that such decision making differences drive the ability to
quickly and effectively perceive and respond to opponent’s movements [39].

Further we showed in a multiple regression analysis between decision time and variables of
cognitive functions. Based on the results of this analysis, we obtained two multiple regression models:
for females and males. We found that decision making in elite judokas is determined by the speed
and quality of processing verbal and non-verbal information. Gender differences are characterized
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by the fact that visual perception speed and memory accuracy do not have a reliable value for male
judokas. Perhaps this reflects significantly higher absolute variables of perception speed in males.

To assess the characteristics of the functional system that provides the judoka's ability to
perception, process information and make decisions, a correlation analysis (Spearman) was used. The
obtained analysis actually demonstrated the structure of the functional system that provides judokas
decision making ability.

The obtained structure of the relationship of cognitive functions in male judokas is characterized
by the presence of a large number of correlations between the speed of perception and verbal
intelligence. These results confirm the previous data on the best speed of perception and verbal
intelligence in male judokas. In addition, relationships were established between the speed of
perception, memory and non-verbal intelligence in female judokas, as well as relationships between
non-verbal intelligence, speed of perception, memory and non-verbal intelligence in male judokas.
Gender differences were revealed in the absence of correlations between verbal intelligence and
memory in male judokas, as well as non-verbal intelligence and memory in female judokas. Thus,
our results expand the observations on the gender features of cognitive activity in elite judokas.

5. Conclusions

Gender features of cognitive activity are characterized by the predominance of a quick response
to a non-verbal stimulus in male judokas against the background of the predominance of qualitative
properties of visual perception and processing of non-verbal information in female judokas. Also,
higher variables of fast and qualitative processing of verbal information were found in male judokas.
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