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Abstract
Background 
and Study Aim

Sexual dimorphism plays a crucial role in the design of training programs for athletes. Therefore, 
understanding the influence of sexual dimorphism on various abilities is essential for optimizing 
training regimens. The aim of this study is to determine the influence of sexual dimorphism on the 
manifestation of coordination abilities in young volleyball players aged 15–17.

Material and 
Methods

Volleyball players aged 15–17 years participated in the study (n=92, training experience – 5–7 years). 
Fifty of them were girls, and forty-two were boys. Motor tests were used to determine the level of 
coordination preparedness of the volleyball players. The study assessed kinesthetic differentiation, 
spatial orientation, reaction, coupling, binding of movements, and balance skills. Statistical data 
processing was carried out using Microsoft Excel and SPSS programs.

Results For most of the compared indicators of coordination abilities, there was no significant difference 
between male and female volleyball players aged 15–17 (p>0.05). In the “Shuttle run with back 
forward” test, which determined the ability of volleyball players to quickly rebuild motor activity, boys 
outperformed girls by 5.6% (p<0.05). In the “Sprint test with the given rhythm”, boys significantly 
outperformed girls by 16.6% (p<0.001). However, control exercises that determined the relative 
indicators of the above qualities did not show a significant difference. No significant differences 
(p>0.05) were found in the indicators that characterized the subjects’ ability to demonstrate balance 
in both groups. Girls outperformed boys by 4.2% in terms of sagittal displacement of the center of 
mass. Comparison of the magnitude of latent periods of simple and complex visual-motor reaction 
by groups did not reveal significant differences among boys and girls.

Conclusions The results of the study indicate the need to implement targeted training programs to address 
and mitigate gender differences in coordination abilities among young volleyball players. These 
programs should focus on enhancing specific coordination skills. This approach ensures balanced 
development. Purposeful sports training can help overcome inherent physiological differences. By 
doing so, it leverages the benefits of tailored training to promote equality in athletic performance.

Keywords: volleyball, players, abilities, coordination, dimorphism. 

Introduction
Sports training is a complex system involving 

various phenomena, relationships, and behaviors 
of its components. Achieving the goal of sports 

preparation is challenging. Nurturing top athletes 
capable of optimum performance in any conditions 
requires thorough knowledge of individual, age-
specific, sexual, and developmental peculiarities.

In this context, creating a model of rational 
long-term sports preparation is essential. This 
model should include the application of adequate 
and effective training methods, appropriate training 
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loads, and suitable frequency and follow-up in 
training cycles [1, 2, 3]. A constituent part of а sports 
training in volleyball is the fulfillment of various tasks 
which are called components of a sports preparation. 
Individual components are represented in sport 
training in various ratios depending on the period 
in which the athlete is situated. When the athlete is 
in full preparation for а competition or tournament, 
the preparation contains predominantly technical 
and tactical means. In the period of one or two 
months prior to the beginning of the competition 
period, the conditioning prevails. However, it is 
important not to forget about maintaining a certain 
level of conditioning as well as a certain level of 
coordination [4, 5, 6].

The level of coordination abilities in volleyball 
markedly underlies the quality, tempo, and stability 
of acquired sports skills, as well as their perfect 
utilization in game activities. Since the components 
of coordination develop mostly in the period before 
puberty, the crux of the development of coordination 
abilities falls into the period specified by the stage 
of elementary sport preparation. Analysis of activity 
in sports games shows that many athletes have 
shortcomings in individual technical prerequisites. 
Particularly in the conditions of a game, the player is 
often not able to master the technique optimally and 
utilize the experience obtained during training. One 
reason for this can be an insufficiently developed 
coordination base of an athlete. These inadequacies 
can be removed if a goal-oriented and systematic 
program for the development of coordination 
abilities is conducted in parallel with the skills 
acquisition phase. Knowing the coordination 
prerequisites limiting performance in sports games 
is essential to increase the sport preparedness of a 
player [7, 8, 9].

As it is known, puberty occurs on average at the 
ages of 13–14. It is at this time that the biological 
development curve rises sharply, and there is a so-
called puberty jump. In some children (accelerators), 
the puberty jump occurs at 12–13 years, while in 
others (retardants), it occurs much later, at the 
age of 14–16 years. Therefore, the accelerators, 
despite having the same chronological age as the 
retardants, are 2–4 years ahead of the latter in the 
pace of biological development [10, 11].

At the age of 15, the biological development 
curve flattens as it accounts for post-pubertal 
development (completion of puberty jump). At 
this age, all patterns of sexual dimorphism begin 
to appear. Up to the age of 10, boys and girls have 
roughly the same rate of increase in total body size. 
From 11 to 12 years old, girls are ahead of boys, and 
at 13–15 years old, boys surpass girls in the rate of 
height increase. It is known that without a special 
training, the ability to master complex coordinated 
movements develops up to 15 years, and the 
maximum increase in strength occurs up to 16 

years. In addition, the level of speed-force qualities 
develops up to 17 years, and the functional capacity 
of the body increases up to 16 years [12, 13].

The advantage of men over women in 
conditioning abilities (strength, speed, and 
endurance) is 10–20% or more. This advantage 
appears as early as the age of 6–10 years, weakens 
somewhat during puberty (12–14 years), and then 
increases again. Conversely, at different stages of 
ontogeny, women outperform men in the mobility 
(flexibility) of different joints by 20–30% [14, 15]. 
Research into the neurodynamic characteristics 
of athletes has shown that males have a higher 
speed of sensorimotor reactions based on the main 
characteristics of the functional mobility of nervous 
processes (according to the  exposure of signal  and 
time output to minimal exposure) [3, 16].

Fewer scientific studies have been conducted 
on the topic of sexual dimorphism in the field of 
coordination abilities. Most of these studies involve 
school-age children and students who were not 
systematically involved in sports. In some works, 
no significant differences were found in most 
indicators of the coordination abilities of men and 
women [17, 18]. The authors explain this by the 
relatively equal level of development of perceptual, 
mnemonic, intellectual, and sensorimotor processes 
that provide control mechanisms and regulation 
of complex movements. Other authors [19, 20] 
note that gender differences in the development 
of coordination abilities are noticeable as early as 
6–10 years and increase after puberty.

Therefore, further observations and experiments 
involving qualified young athletes are required. 
There is a revealed contradiction between the need 
to determine the influence of sexual dimorphism 
on the manifestation of coordination abilities 
of young volleyball players, on the one hand, 
and the insufficient scientific development of 
methodological support for solving this pedagogical 
task, on the other hand. This determines the practical 
and scientific relevance of the study problem.

Hypothesis. It is assumed that identifying 
gender differences in the level of development of 
coordination abilities in young volleyball players 
aged 15–17 will allow for increased effectiveness of 
coordination training in particular and the training 
process in general.

The purpose of this study is to determine the 
influence of sexual dimorphism on the manifestation 
of the coordination abilities of young volleyball 
players aged 15–17.

Materials and Methods
Participants
Volleyball players aged 15–17 years participated 

in the study (n=92, training experience – 5–7 years). 
Fifty of them are girls and forty-two are boys. The 
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adolescents and their parents were informed about 
all the features of the study, and the parents gave 
their consent to their children’s participation in the 
experiment. The research protocol was approved by 
the university’s ethics committee.

Research Design
Well-known motor tests were used to determine 

the level of coordination preparedness of volleyball 
players [21, 22, 23]. As part of the study, the level 
of kinesthetic differentiation, spatial orientation, 
reaction, restructuring and coordination of 
movements, and balance skills were determined. 

Well-known motor tests were used to determine 
the level of coordination preparedness of volleyball 
players [21, 22, 23]. As part of the study, the level 
of kinesthetic differentiation, spatial orientation, 
reaction, restructuring and coordination of 
movements, and balance skills were determined. 
The following tests were used:
•	 Test 1: “Backwards a tennis ball throw test 

(points)” [21].
•	 Test 2: “Overstepping the gymnastic stick (s)” 

The stick was held by the athlete’s straight 
arms. In the initial position, the athlete holds 
the stick with straightened arms. At the coach’s 
signal, the athlete oversteps the stick 5 times 
with the right leg and 5 times with the left leg. 
The time of task fulfillment was measured in 
seconds [23].

•	 Test 3: “Numbered medicine ball run test (s)” 
[21].

•	 Test 4: “Time difference between running to the 
numbered balls and shuttle running (5× 3 m), s”.

•	 Tests 5–8: Balance of volleyball players was 
determined using a computer stabilography. 
Stabilographic studies were conducted to study 
the quantitative criteria of static stability during 
the implementation of standard positions: the 
Mortiz-Romberg pose. The main quantitative 
criteria of static postures of young volleyball 
players were indicators: MO(x) – frontal 
displacement of the center of mass (CM); MO(y) 
– sagittal displacement of the CM; V – the 
average speed of movement of the CM; Koef 
Romb – Romberg coefficient [24]

•	 Test 9: “Shuttle run with back forward (3×10 m)” 
(s) [22].

•	 Test 10: Difference in time between running 
“Shuttle run (3×10 m)” and “Shuttle run with 
back forward (3×10 m)” (s).

•	 Tests 11–12: Subjects’ abilities to feel the 
rhythm were assessed using the test: “Sprint test 
with the given rhythm” [21]. Test equipment: 
11 gymnastic hoops with a diameter of 80 cm, 
measuring tape, stopwatch. First, the athlete 
runs 30 m. Then the athlete runs the distance 
again with 11 hoops arranged on it at maximum 
speed with an accuracy of 0.01 s. Result: 1) 

time of running 30 m; 2) time of running 30 m 
through the hoops; 3) difference between the 
time of running the 1st and 2nd distances.

•	 Test 13: “Movement rhythm observation” (s); 
Description: The player skips over the rope 
for 20 s in a certain tempo which they choose. 
The examiner counts the number of rope skips 
during the given period. In the second part 
of the test, the tested person carries out the 
same number of skips as in the first part. The 
examiner measures the time it takes to fulfill the 
task. Deviation from 20 s will be the criterion of 
success in the given test [25].

•	 Tests 14–16: Measuring a simple and complex 
visual-motor reaction. To determine the latent 
period of a simple and complex visual-motor 
reaction, the Psychodiagnostics computer 
program was used [26].

Statistical analysis
Statistical data processing was carried out using 

Microsoft Excel and SPSS programs. The following 
parameters were determined for each indicator: 
arithmetic mean ( ), standard deviation (δ), standard 
error (m), and significance of differences according to 
Student’s t-test with the corresponding significance 
level (p). Differences were considered significant at 
a significance level of p<0.05.

Results
The obtained data (Table 1) show that there is 

no significant difference (p>0.05) between male and 
female volleyball players aged 15–17 for most of 
the compared indicators of coordination abilities, 
studied with the help of motor and laboratory tests. 
The study revealed a somewhat greater accuracy in 
the performance of the control exercise “Backwards 
a tennis ball throw test” in young male volleyball 
players compared to females. This difference was 
7.8%, but was not statistically significant (p>0.05). 
The results of the experiment showed the advantage 
of the boys by 4.2% in the “Numbered medicine 
ball run test”. However, the difference between the 
“Numbered medicine ball run test” and the “5×3 
m shuttle run”, which also showed the ability of 
players for spatial orientation, did not show such 
an advantage. No significant differences were found 
in the parameters that characterized the subjects’ 
ability to maintain equilibrium in both groups 
(p>0.05). However, it is worth noting that the 
indicator characterizing the sagittal displacement of 
the center of mass was close to significant, in which 
female volleyball players exceeded male volleyball 
players by 4.2%.

In the “Running 3×10 m with the back to the 
direction of movement” test, which determined 
the ability of volleyball players to quickly rebuild 
movements, boys outperformed girls by 5.6% 
(p<0.05). Another indicator that characterized the 
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Table 1. Gender differences in the development of coordination abilities between male and female volleyball 
players aged 15–17 years

№ Indicator
Boys Girls

t p
X̄ δ m X̄ δ m

1 “Backwards a tennis ball throw test”, points 13.9 2.4 0.46 12.9 2.6 0.46 1.34 0.184

2 Overstepping the gymnastic stick (coordination of 
movements), s 13.1 1.3 0.23 13.4 1.5 0.29 0.67 0.501

3 Numbered medicine ball run test, (orientation), s 13.2 1.2 0.22 13.7 1.1 0.18 1.7 0.094

4 The difference in running time to the numbered balls 
and shuttle running 5 × 3 m (orientation), s 2.4 0.96 0.18 2.5 0.95 0.15 0.56 0.58

5 MO(x), mm 2.5 1.45 0.31 2.4 1.74 0.58 0.11 0.065

6 MO(y), mm 5.9 4.2 1.17 3.4 2.4 0.77 1.17 0.103

7 V, mm/s 10.5 2.9 0.62 9.1 1.9 0.61 1.36 0.18

8 Romberg coefficient, % 77.3 12 2.5 82.5 7.2 2.3 1.26 0.22

9 “Shuttle run with back forward (3x10 m)”, s 10.7 1.1 0.2 11.3 0.7 0.13 2.5 0.015

10
The ratio of running time 3×10 m with the face and 
back to the direction of movement (restructuring of 
movements), s

2.83 0.46 0.08 2.89 0.5 0.09 0.44 0.66

11 “Sprint test with the given rhythm”, s 5.59 0.38 0.07 6.52 0.35 0.08 8.3 0.001

12 Difference between 30-meters running and 
30-meters running over hoops, s 0.9 0.32 0.06 1.06 0.27 0.07 1.63 0.11

13 “Movement rhythm observation”, s 0.58 0.48 0.1 0.56 0.45 0.1 0.1 0.92

14 SVMR, ms 338.9 26.1 7.88 352.9 37.6 6.76 1.14 0.26

15 RCh 1-3, ms 487.4 42.9 12.9 507.3 35.1 6.01 1.55 0.13

16 RCh 2-3, ms 548.6 50.8 15.3 559.9 46.3 7.9 0.69 0.49
Note: X: Arithmetic mean; δ: Standard deviation; m: Standard error; t: Student’s t-test value; p: Significance 
level; MO(x): Frontal displacement of the center of mass (CM); MO(y): Sagittal displacement of the CM; 
V: Average speed of movement of the CM; SVMR: Simple visual-motor reaction; RCh 1-3: Reaction time 
between signals 1 and 3; RCh 2-3: Reaction time between signals 2 and 3.

same quality and determined the difference between 
the “3×10 m shuttle run with the face and 3×10 
m back to the direction of movement” no longer 
showed a significant difference between boys and 
girls (p>0.05). A similar result was obtained when 
testing for a significant difference in the sense of 
rhythm between boys and girls who systematically 
engage in volleyball. In the first test, “Sprint with the 
given rhythm,” boys significantly outperformed girls 
by 16.6% (p<0.001). However, in the other two tests, 
which also determined the presence of a significant 
difference in the sense of rhythm in the two groups, 
this difference was not found (p>0.05). This is 
because, in these control exercises, the influence of 
speed qualities on the test results was eliminated.

A comparison of the latent periods of simple and 
complex visual-motor reactions in the two groups 
did not reveal any significant differences between 
boys and girls. Under the condition of increasing 
the sensorimotor complexity of the activity, young 
volleyball players spent less time performing the 
test compared to girls (p>0.05).

Discussion
The aim of this study was to determine the 

influence of sexual dimorphism on the manifestation 
of coordination abilities in young volleyball players 
aged 15–17. The results indicated that there were 
no significant differences between boys and girls 
in most of the coordination ability indicators. 
However, boys outperformed girls in specific tests, 
such as the “Running 3×10 m with the back to the 
direction of movement” and the “Sprint test with 
the given rhythm.”

Scientific studies on the topic of sexual 
dimorphism in the field of coordination qualities 
have been conducted less compared to those 
that reflect the peculiarities of this process in the 
development of conditioning abilities and somatic 
indicators. The conducted study confirmed the data 
of other authors [2, 27] that sexual dimorphism in 
the development of coordination abilities of young 
volleyball players is not so clearly manifested in 
comparison with those who do not systematically 
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do sports. Under the influence of training, gender 
features of the development of motor coordination 
undergo fewer changes compared to conditioning 
qualities [28, 29, 30]. A similar conclusion was 
reached by P. Hirtz [20], who conducted a study 
with boys and girls of the lyceum who were not 
systematically involved in sports. The author 
established a reliable advantage of boys over girls 
in indicators of the ability to rebuilding, coupling 
and binding of movements, and rhythm. However, 
this advantage was absent in the indicators of the 
ability to maintain static and dynamic balance, 
kinesthetic differentiation, speed of reaction, and 
spatial orientation.

The absence of significant differences in most 
of the indicators we studied can be interpreted as a 
relatively equal level of development of perceptual, 
mnemonic, intellectual, and sensorimotor 
processes, which provide mechanisms of control 
and regulation of complex movements at the central 
level in volleyball players. These data correspond to 
the results of studies by other authors [31, 32, 33].

In turn, the reliable superiority of boys over 
girls (p < 0.05) in tests for a sense of rhythm and 
the rebuilding of movements can be explained by 
the influence of speed and speed-power qualities 
on the test results. Supporting this interpretation, 
after determining the relative indicators of rhythm 
sensation and the rebuilding of movements in young 
volleyball players, which levelled the influence of 
the above qualities, no significant difference was 
found (p > 0.05). Other researchers hold a similar 
opinion [34, 35, 36]. They are convinced that if the 
coordination complexity of the motor task increases 
or the result in the “coordination” tests is associated 
with a significant manifestation of conditioning 
abilities (speed, speed-power), then the reliability 
of the differences in favor of male volleyball players 
increases compared to the data of female players.

The results of the conducted experiment 
showed a close to significant advantage of boys 
over girls in the spatial orientation test. Interesting 
explanations are provided by a number of authors 
regarding patterns of manifestations of this quality 
in representatives of different sexes. It is known that 
men demonstrate a higher level of this quality than 
women [10]. This assumption is partially supported 
by the results of another study [37]. However, a study 
involving athletes found no significant differences 
between men and women [16, 38]. For example, 
Sadovsky found that in taekwondo, women have 
an advantage in tests for accuracy of reproduction 
of spatial parameters of movements, as well as 
in maintaining balance. Along with this, the 
absence of gender differences was shown in studies 
involving representatives of other sports [39]. Still, 
the superiority of males who do not systematically 
engage in sports in spatial orientation indicators has 
been repeatedly noted. Ultimately, purposeful sports 

training reduces and even eliminates the advantages 
of men in this ability, due to the evolutionary and 
biological prerequisites of this phenomenon.

By the way, the study of the evolutionary 
prerequisites of coordination abilities becomes a 
valuable contribution to the general explanation of 
gender differences in those who do not play sports. 
A number of hypotheses have been proposed to 
explain the advantages of men in the manifestation 
of these abilities from an evolutionary perspective. 
According to one hypothesis, women were forced 
to reduce the volume of movements during the 
reproductive periods of their lives due to childbearing 
and maternal care. In turn, men continued to 
perform actions related to the manifestation 
of coordination abilities during hunting or 
participation in war [40]. According to another 
hypothesis, the responsibility of ancient men for 
obtaining food contributed to the development 
of spatial orientation abilities associated with 
hunting. The hypothesis about the participation of 
men in armed conflicts suggests that ancient people 
travelled long distances, participated in skirmishes 
with other groups, competed for food resources, and 
captured women. Another hypothesis suggests that 
successful hunters received a higher social status in 
ancient society and improved their spatial qualities, 
which in turn contributed to the achievement of 
such status. In any case, the evolutionary approach 
allows for a better understanding of the nature 
of spatial orientation and its importance for the 
coordination potential of those who systematically 
engage in sports and sports games, in particular.

Recent studies involving professional athletes 
using magnetic resonance imaging showed an 
increased thickness of the cerebral cortex in the area 
of visual-spatial control [41]. In particular, it was 
found that in male athletes, the processing of spatial 
signals is localized in the right hemisphere, while 
in female athletes there is no leading hemisphere. 
A special role in spatial orientation belongs to a 
specialized region of the brain – the hippocampus. 
Its function is to determine the location and options 
for moving to the next position. The hormonal status 
of those who systematically engage in sports also 
significantly affects the manifestations of spatial 
orientation. It is known that lower testosterone 
levels in men contribute to the development of 
spatial abilities, while in female athletes more 
successful spatial orientation is associated with 
higher testosterone levels [42].

Thus, the research results we obtained indicate 
the expediency of taking into account gender 
characteristics in the development of coordination 
abilities in the training process of volleyball players 
aged 15–17. Considering this phenomenon will 
contribute to the rapid and qualitative mastering 
of technical skills and improving the competitive 
activity of young athletes. Along with this, further 
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research is needed to determine the structure of 
players’ preparedness. By determining the value of 
each ability in the structure of special preparedness, 
it is possible to clearly plan the sample size of the load 
for each age period, gender, and for the individual 
development of children and adolescents. It is 
thought that it is time to pay more attention to the 
application of a systemic approach in implementing 
the individualization of the training process for 
young volleyball players.

Conclusions
1.	 The study showed no significant difference 

between the groups of male and female volleyball 
players aged 15–17 in most of the studied 
indicators of coordination preparedness. The 
only exceptions were those tests whose results 
were influenced by the speed capabilities of the 
players.

2.	 The lack of reliable differences in the 
development of coordination abilities between 
boys and girls who systematically play volleyball 
can be interpreted as a relatively equal level 
of development of perceptual, mnemonic, 
intellectual, and sensorimotor processes, which 
provide mechanisms of control and regulation 
of complex movements at the central level.

3.	 To explain gender differences in the 
development of coordination abilities, it is 

advisable to study the evolutionary prerequisites 
for the development of these abilities in 
representatives of both sexes. It is also necessary 
to analyze the results of psychophysiological 
studies, which explain the peculiarities of the 
organs and systems of the body responsible for 
the management and regulation of the motor 
activity of volleyball players.

4.	 The advantage of males who do not 
systematically play sports in the development 
of coordination abilities has been shown more 
than once. However, targeted sports training 
reduces and even eliminates the advantages of 
men in these abilities, which are determined by 
the evolutionary and biological prerequisites of 
this phenomenon.
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