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Abstract

Purpose: To determine the influence of the level of static balance on the competitive activity of athletes aged 17-21
in beach volleyball.

Material: The study involved athletes aged 17-21 years, who play beach volleyball in the Kherson region. The research
was focused on the main indicators: the total number of serves, passes, tactical strikes, blocks, and how the
development of static balance affects the level of their performance.

Results: Acrobatic exercises in training activities for special physical training positively contributed to the increase
in the samples of Bondarevsky (p <0.05), Romberg (p <0.05) and Yarotsky (p <0.05). Samples with different
nature of the work performed reflect different aspects of static equilibrium: samples of Bondarevsky and
Yarotsky most reflect the nature of the work performed during the competitive activities of athletes;
Romberg’s test only partially corresponds to these indicators.

Conclusions:  The proposed methodological approach significantly affects the performance of competitive activities and is
directly related to the quality of tactical strikes, high-level performance in defense and the number of serves.
The results of the study indicate the difference in samples with different nature of the work. Overstrain of the
vestibular centers can negatively affect the quality of tactical strikes in the attack and blocking.

Keywords: beach volleyball, competitive activity, efficiency, vestibular stability, correlation coefficient, static balance.

Introduction balance and stability of vestibular reactions [11, 12].

The stage of preparation for the highest sports skills is
one of the key steps in the preparation process of athletes
to the main competitions in the chosen kind of sport. The
task of the stage is reaching the maximum results in all
kinds of sports. The main purpose of the stage is to ensure
the rapid flow of adaptation processes through the use of
tools that can cause them [1]. The conditions of training
should correspond to the following: the period of the most
intensive training loads should coincide with the period of
maximum propensity of the athlete to achieve the highest
results [1]. Physical training of athletes is the basis of the
process of sports improvement [1-3].

The leading physical qualities of beach volleyball
athletes are: strength, and on its basis — speed-power
and speed qualities and agility [4-8]. Agility is based
on coordination abilities, which largely depend on
the stability of vestibular reactions. The feeling of the
position of the body and individual biolinks in space,
including movement, refers to the properties of the central
nervous system. This ability is divided into: static balance
(the ability to maintain the stability of the pose); dynamic
balance (the ability to maintain balance during the
movements of the whole body) and the most important
and significant quality — vestibular (statokinetic) stability
(the ability to accurately perform individual or global
movements during vestibular stimuli) [9, 10].

Statokinetic stability depends on static and dynamic
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Game sports are accompanied by constant changes in
body position, jumping, falling, accelerating and rapid
transitions from one stage to another [13-15].

In various sports, statokinetic stability plays a
significant role in the manifestation of coordination
skills and agility. According to Platonov [3] coordination
abilities are manifested in predetermined conditions of
complex movements. Agility is based on coordination
abilities and is manifested in unpredictable conditions,
namely the influence of external or internal factors on the
movements of the athlete. External factors may include
weather conditions (sun, wind, loose soil), variable
trajectory of the ball, opposition of the opponent, to
internal — deviations in the initial positions of the body
due to changes in external factors and correction of body
movement taking into account afferent innervation body.
All these factors are integral and pronounced components
of competitive activity in beach volleyball. In view of this,
inrelation to beach volleyball, it is advisable to use the term
— agility. Therefore, the study of one of the components
of vestibular stability, as a component of agility, should
be of interest to scientists involved in the problem of
successful human motor activity. One of the areas of
this issue is training in sports, and in particular in beach
volleyball, where it is extremely important. However, the
analysis of scientific and methodological literature shows
that at present there are only a few pieces of information
on improving the process of physical training of beach
volleyball athletes by improving psychomotor qualities.
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In volleyball, this problem was solved by Kozina et al.
[16] and Zamporri et al. [17], using exercises to develop
static balance. Horchanyuk [18, 19] emphasizes the need
to use models of jumps and movements to improve the
process of sports training in sports training. Lysyansky et
al. [20] pay attention to the control over the process of
sports training in beach volleyball and its adjustment on
this basis. Kostyukov [21,22], Hemberg and Papaheorhiou
[23], consider didactic and methodological approaches to
the training process, improving the technical and tactical
component of training of athletes, give examples of
physical, technical and tactical training of leading athletes
in beach volleyball and provide scientific advice on
improvement of the specified work due to optimization
of process of trainings and use of the advanced practical
experience.

Lin [24] and Gunchenko [25] state that high-quality
performance of various, in particular power serve, is a
significant reserve for improving the effectiveness of
competitive activities, emphasize that in the competitive
activities of volleyball players there is both static and
dynamic balance, which actualizes the adoption of
appropriate tactics in practice.

Giatcis [26] came to the conclusion that the latest
changes in the rules of the beach volleyball game (the
size of the court) have led to an increase in the spectacle
of matches, an increase in the number of games, where
the result is determined in 3 sets. This determines their
uncompromisingness and unpredictability of the result.
It also increases the total number of draws held in the
game, which puts forward increased requirements for the
physical fitness of athletes.

Drikos et al. [27] derive the coefficients of efficiency
of the serve (the ratio of lost serves to the won) and the
coefficient of the efficiency of the attack (the ratio of the
won blows to the lost and blocked).

Portuguese scientists Araujo et al. [28] note
that competitive activities in men’s volleyball are
characterized by constant adaptation to the tactics of the
players as attack and defense. The relationship between
blocking and strikes in an attack in elite men’s beach
volleyball is given. The coefficients of effectiveness of a
particular type of blocking depending on the attack zone
were calculated, these trends must be taken into account
in the training process.

Platonov [3] argues that the physical training is a
key component for achieving results in competitive
activities. Tymoschenko [5] emphasizes the development
of maximum force accuracy. Solovey and Hunchenko
[4] found that increasing the number and quality of
stable power supplies in the jump in beach volleyball
and offensive strikes makes it impossible to predict the
development of offensive actions. This precludes the
construction of appropriate defensive actions, which
significantly increases the effectiveness of tactical
offensive strikes of a bypass nature and the effectiveness
of competitive activities in general. The increase in
quantitative indicators in actions that require maximum
explosive force directly depends on the physical fitness of

athletes. Further sports improvement involves increasing
the efficiency of the training process through new areas
and strategies to improve the process.

Most scientists suggest increasing the intensity and
volume of load in the process of sports improvement.
However, this direction has its limits, which are
determined by the objective regularity of development
and formation of sportsmanship. In this regard, it is
essential to find alternative sources to improve the process
of sports training.

Platonov [1, 3], Kozina [16] emphasize the need
for individualization and differentiation of means and
methods of sports training, as well as the development
of new approaches to building a training process in
preparation for higher achievements.

Competitive activity determines the features of the
sport. Beach volleyball, like other sports, is a complex
coordination sport [3, 13, 29].

The effectiveness of certain elements of the
technique of the game during the competition indicates
the level of game readiness of athletes. This determines
their competitiveness and achievements during the
competition. Analysis of the strengths and weaknesses
of the training of athletes allows us to conclude which
technical components and physical shortcomings require
increased impact and determine the leading physical
qualities in beach volleyball.

Thus, Doroshenko [30] focuses on the processes of
management of technical and tactical activities and sports
training on the basis of control data; Balasas et al. [31]
prove that 12 weeks of fitness training in beach volleyball
increase the level of development of strength and
endurance of leg muscles, increase the effectiveness of the
jump by 11.6%, including on hard surfaces; Kostiukevich
[29] suggests using exercises of increased coordination
difficulty during the training process in sports games. This
will provide a significant level of variability in technology.
Shankulov et al. [32] show that the greatest number of
loads on the development of coordination, agility and
vestibular stability should be planned in the preparatory
period. This will help to achieve the best state of sports
readiness of the team before the start of the competitive
season. At the end of the preparatory period, the amount of
load is purposefully reduced in order to maintain optimal
functional and physical fitness of athletes.

The analysis of the strengths and weaknesses of the
training of athletes allows us to draw conclusions about
which technical components and physical shortcomings
need increased impact and determine the leading physical
qualities in volleyball.

Tili and Giatcis [33] analyzed the growth rates of
the winners of women’s games under the aegis of the
FIVB depending on the specialization and size of the
court. Silva et al. [34] carried out research on analytical
materials used in classical volleyball. These materials
were comparative and prognostic in nature. The influence
of the conducted methods on the performance and
efficiency of games, as well as computer programs used
were investigated. Medeiros et al. [35] state a gradual
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transition from descriptive to comparative and prognostic
analysis of beach volleyball matches. Also they state
the lack of analytical studies of the impact of physical
components of sports fitness on technical and tactical
level and the level of resistance to the performance
of competitive activities in general. Coliago [36] in
his study developed the structure and content of sports
training in the annual cycle of beach volleyball athletes.
He offered an effective ratio of training loads, versatility
and efficiency of performance of technical receptions
that promoted increase of efficiency of performance of
separate game elements. Castro et al. [37] investigated
the dependence of the effectiveness of a counterattack in
classical volleyball depending on its speed, power, and
the number of blocking opposing players. Papadimitriu et
al. [38] analyzed the effectiveness of attacking actions of
world-class volleyball teams depending on the quality of
actions of the player performing the passing.

The social status of beach volleyball is constantly
growing. The problems of improving the training process
of beach volleyball athletes in scientific publications at
the expense of alternative directions and strategies for the
development of the sport are insufficiently covered. This
determined the relevance of our study.

Hypothesis. 1t is assumed that the static balance and
stability of vestibular reactions have a significant impact
on the efficiency and effectiveness of certain technical
elements during the competition, and on the outcome of
competitive activities in beach volleyball.

The purpose of the study is to determine the influence of
the level of static balance on the indicators of competitive
activity of athletes aged 17-21 in beach volleyball.

Material and Methods.

Participants. This study involved beach volleyball
athletes aged 17-21 who play beach volleyball in the
Kherson region (Ukraine). During the experiment, an
experimental group of 20 young men was created. All
study participants gave written consent to participate in
the experiment.

Research Design.

The basis for the study were: Kherson State University
(Kherson, Ukraine), Children’s and Youth Sports School
Ne 6 (Kherson, Ukraine). Training participants were
trained 6 times a week. The training process lasted from
December 2018 to April 2019 and was allocated 704
hours (32 hours per week) during the training period.

The main task of microcycles was to ensure the
adaptation in the body of athletes, solving the main tasks
of physical and technical and tactical training. During
the work, special attention was paid to special physical
training with an emphasis on acrobatic training. Two
blocks of acrobatic exercises were developed, which were
used in the preparatory and main part of each of the training
sessions of complex orientation and totaled 20 minutes of
training work. In the exercise blocks, rollovers, a “wheel”
and handstands were used. Both blocks of exercises were
used in each of the classes. The total amount of work for
all types of training was characterized as significant, and
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the load was 70-80% of the maximum possible.

At the end of the preparatory period, the level of
ability to static balance was tested using a number of
tests, such as the Romberg test, the Yarotsky’s test and
the Bondarevsky test. Romberg’s test [39] was as follows
— the time during which the subject maintained balance
was measured; Modified Yarotsky’s test (MYT) [12] —
balance retention time was measured; Bondarevsky’s test
[11]- the number of attempts for which the subject could
stand in balance for 1 minute was counted.

Subsequently, a video of games in which athletes
participated in the experiment (one game of each
participant) at the Games of the Championship of Ukraine
(U21) and the open championship of Kherson State
University in beach volleyball (Kherson, Ukraine) was
recorded. The method of expert evaluation of athletes’
actions based on videos was used. Five experts (coaches
with more than 20 years of experience) were involved.
The number and level of performance of certain elements
of beach volleyball technique in competitive conditions
were analyzed. The level of performance provided for the
division of elements of technology into three stages: high
level, medium and low. The high level of performance
of the element of technology provided: the ability to
perform the following technical actions of his team,
winning a point, or extremely difficult further technical
actions of the opposing team. Medium level — made it
difficult for the players of his team to carry out further
technical actions or significantly complicated the actions
for the opposing team. Performing a technical technique
at a low level resulted in a point loss, did not complicate
the further actions of the players of the opposing team,
or significantly complicated the performance of further
technical actions of his team.

Statistical analysis. In the process of analysis average,
average error, correlation and variation coefficients were
calculated. To determine the consistency of experts’
opinions on each of the technical actions, a coefficient
of variation was calculated, and a correlation analysis
was calculated to establish the relationship between the
indicators. Microsoft Excel 2007 was used to calculate
the correlation coefficient of tests for static balance with
quantitative and qualitative indicators of performance of
elements of game technique in competitive conditions.
The result was significant at p <0.05.

Results

The application of a methodical approach to the
planning of training sessions on special physical training
based on the use of acrobatic training, as well as ensuring
the adaptation of athletes in beach volleyball, positively
contributed to the increase in the samples of Bondarevsky
(p <0.05), Romberg (p <0, 05) and Yarotsky (p <0.05)
(Table 1).

Purposeful influence on the main parameters of the
arsenal of technical and tactical actions allowed increasing
the effectiveness of attacking actions of athletes in beach
volleyball. There is a noticeable tendency to increase the
number of: medium and low levels (p <0.05) and medium
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levels of reception (p <0.05), high and medium levels (p
<0.05); high-level tactical strikes (p <0.05); high-level
power strikes (p <0.05) and high level of defense (p
<0.05); high-level blockages (p <0.05).

The consistency of experts’ opinions on each of the
technical actions was quite high. Coefficients of variation
range from 8.15% to 12.47%. Since V < 15%, the opinions
are consistent, the set is homogeneous and the results can
be trusted.

The obtained correlation coefficients indicate the
presence of an inverse relationship at the average level of
the quantitative indicator of the performed feeds with the
Bondarevsky’s test (Table 2).

That is, with increasing test rate (deterioration) the
number of serves decreases. No significant dependencies
were detected with the performance of the serve at a high
level. With the performance of the mid-level serve, there
is an inverse relationship between the middle level and the
low-level feed. As the test rate increases (deterioration),
the number of serves in general and performed at medium
and low levels decreases.

With the technical action of the serve in the test there
is a complex relationship. With the implementation of

the reception of the serve at a high level there is a weak
inverse relationship, with the implementation of the
medium level, the average direct dependence. As the test
deteriorates, the number of medium-level serves increases
and the high level decreases slightly.

Bondarevsky’s test with the pass for the attack has an
inverse relationship with the quantitative indicator and
its performance at a high level. With its implementation
at medium and low levels revealed a direct relationship.
As the test rate deteriorates, the number of quality passes
decreases and the average and low quality performance
increases.

With a hit in a tactical attack there is an inverse
correlation with the quantitative indicator and qualitative
actions and actions at the average level. With the
performance of a low-level strike, a direct dependence
of the low level is revealed. This indicates an increase in
quantitative and qualitative indicators in the performance
of tactical strikes with the improvement of test
performance data and an increase in low-quality strikes
with its deterioration.

With a strike in a strength attack, the Bondarevsky’s
test has a slight inverse correlation with all indicators.

Table 1. Indicators of static balance of athletes in beach volleyball before and after the experiment (n = 20)
N Jest Io the experiment éfter the experiment Ax t 0
X S X S
1. Bondarevsky 8.89 1.22 7.72 1.23 2.02 3.08 p<0.05
. Romberg 16.68 10.29 29.92 26.07 2.02 2.11 p<0.05
3. Yarotsky 21.30 6.97 36.32 19.11 2.02 3.30 p<0.05

Table 2. Influence of the level of static balance on the indicators of competitive activity of athletes aged 17-21 (n = 20)
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= s K s = T = T = T = T
Tests Correlation coefficients between indicators
To the experiment
Bondarevsky -0.55 -0.28 0.19 049 -024 -045 -0.23 -039 -0.26 0.17 -0.36 -0.21
Romberg -0.27 0.09 -025 022 -024 -036 -002 -0.20 -0.31 0.12 -0.17 -0.14
Yarotsky -0.35 -0.11 -0.75 -0.37 -044 -054 -0.21 -0.52 -0.19 -0.10 -0.28 -0.30
After the experiment
Bondarevsky -0.57 -0.55 -0.35 0.66 -0.19 -0.39 -0.36 -0.45 -0.1 -0.35 -0.01 -0.05
Romberg -0.34 0.01 -047 028 -0.26 -035 -0.02 -0.23 -0.33 0.03 -0.2 -0.19
Yarotsky -0.39 -0.2 -0.35 049 -0.38 -0.54 -0.2 -0.42 -0.02 -0.07 -0.29 -0.36

Note: reliability at a = 0,444
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The inverse correlation of increased significance with
the majority of indicators is observed with the game in
defense in Bondarevsky’s tests. With a low level of
performance, the coefficient is negligible. As the test
rate improves, the quality of the defense improves. With
blocking indicators, the Bondarevsky’s test does not show
significant correlations with any of the indicators.

The Romberg test with the most-serve technique shows
anegative correlation coefficient. With the indicator of the
average level of performance of the supply of significant
dependencies are not detected. As the Romberg test rate
increases, the number of serves performed and their
performance at a low level decreases.

With the reception of the serve there is a direct
correlation between the test at the average level with the
average level of performance. As the test rate improves,
the number of technical actions performed at the average
level increases.

With the pass for the strike, we observe the inverse
dependence of the average level with the quantitative
indicator of its performance and the indicator of its
performance at a high level. The indicator of low quality
of performance has a direct correlation dependence of the
average level. As the test rate improves, the transmission
rate decreases in both cases.

No significant correlations were found with other
technical actions. Yarotsky’s test with technical action
of giving with the majority of indicators reveals inverse
correlation dependence. As the test rate improves, the
level of serve performance increases and the rate of serve
performance deteriorates.

With the rate of serve reception, the test shows a direct
correlation between the average level and its performance
at the average level. The improvement of the test rate is
accompanied by the performance of technical action at a
level not lower than average.

There is a complex relationship with the serve to
strike in the attack. With a quantitative indicator and
its performance indicator at a high level, there is an
inverse dependence of the average level. As the sample
rate improves, the quantity and quality of the serve
deteriorates.

The following correlation dependence is revealed
with hits in an attack: with a tactical hit, a high level of
its execution it is reversed, and with a force hit with a
low level of its execution it is straight and of medium
level. That is, with the improvement of the sample rate,
the quality of execution of both tactical and force strikes
decreases. This may be explained by the presence of a
directly opposite dependence of the stability of vestibular
reactions with the quality of the hits in the attack, which is
the exact opposite of our previous hypothesis.

Yarotsky’s test does mnot reveal significant
dependencies with the game in defense. With the
technique of blocking there is an inverse correlation with
all indicators, quantitative, high, medium and low levels
of'its performance. Taking into account the specifics of the
test (constant rotation of the head), it can be noted that in
the game there is no need for constant long-term (for more
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than 20 s) irritation of the vestibular centers. This leads to
overstrain of the vestibular static balance system and does
not meet the needs of the game. To a greater extent, short-
term stimuli (up to 2-3 s) of the system are required in the
episodes of the game, which is reflected in the presence of
positive dependences in samples with a less pronounced
effect of irritation of the vestibular centers.

The obtained results of the study indicate the difference
in samples with different nature of the work. In particular,
Yarotsky’s test characterizes somewhat other qualities of
vestibular stability, which are not used during competitive
activities in beach volleyball, and the test significantly
outweighs the game factors of irritation of athletes’
vestibular centers. However, the planned exercise in
these conditions (significant excess of the allowable time)
during sports training can have a positive effect as an
increase in statokinetic (vestibular) balance and improve
the agility of beach volleyball athletes in the future.

Bondarevsky’s test is directly related to the quality of
tactical strikes, high-level performance in defense and the
number of the serves not below the average. Romberg’s
test leads to the improvement of the quality of serves by
reducing the number of serves at a low level. However,
it has a negative relationship with the quantitative and
qualitative indicators of hits in a forceful attack.

Overstrain of the vestibular centers can negatively
affect the quality of the hits in the attack and blocking.
Therefore, the process of sports training should include
restorative microcycles, during which the process of
adaptation to previous vestibular loads is fully completed.

Discussion

During our study, the average value of the Yarotsky
sample was determined to be 35.8 s. According to
Serhienko in co-authorship [8] the scale of assessment
of static balance in the sample is 35 s - excellent, 20 s -
good, 16 s - satisfactory. We found: the assessment well
is registered in 35% of respondents. 65% of respondents
are rated well.

We determined the relationship between the levels
of static balance in different tests and the performance
of individual elements of the technique of playing beach
volleyball in a competitive environment. Bondarevsky’s
test most predictably corresponds to indicators of
efficiency of technical actions. With the improvement
of the sample (decrease of the indicator) the quantitative
and qualitative indicators of technical actions increase, in
particular the serve, the serve reception, the passing, the
tactical strike in the attack, the game in the defense. With
the elements of the game of speed and force character (the
hit in the attack of force and blocking character, the leading
physical quality is jumping ability), the dependence
of the stability of vestibular reactions is not observed.
Romberg’s test with not all elements of technology is
predictable. In particular, there is a mismatch in the serve
and the pass due to the overvoltage of the vestibular
centers. The discrepancy between the expected and
existing dependence of Yarotsky’s test with the quality
of technical actions was revealed. This indicates the
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presence of overstrain of the vestibular centers, which has
no immediate effect, but may have a delayed effect. The
time of Yarotsky’s test significantly exceeds the vestibular
loads that an athlete experiences during competitive
beach volleyball activities. This issue requires additional
research. All these factors make it possible to determine
the areas of coordination skills and dexterity on the basis
of which it is necessary to build the process of further
sports improvement of beach volleyball athletes.

The study confirmed the data of Tymoshchenko [5],
Pelzer et al. [6], Wergin et al. [7], Kostiukevich [29] on
the management of technical and tactical activities and
sports training, strength and endurance of leg muscles.
The data of Balasas et al. [31] on the use of loads for
the development of coordination, agility, vestibular
stability, strength and endurance of the leg muscles are
also confirmed. The opinions of Shankulov et al. [32]
agree on the relationship between efficiency and quality
of performance of certain technical actions with special
physical qualities, including strength and agility (accuracy
and timeliness) in volleyball. Solovey and Hunchenko
[8] share the same opinion regarding beach volleyball.
In the study the data of Platonov [3], Kostiukevych [29],
Doroshenko [30] as for the basis for competitive activities
in complex coordination sports, in particular - the physical
fitness of athletes; and also the data of Kostyukov [22],
Hemberg et al. [23] and Koliago [36] on the dependence
of the effectiveness of competitive beach volleyball
activities on the rational construction of the process of
sports training, were developed.

The data of Horchaniuk [18, 19] concerning the
uneven distribution of efforts of wunskilled beach
volleyball athletes during movements and jumps have
been supplemented. When performing jumps, the
horizontal position of the foot is not provided, which does

not correspond to the model characteristics of jumps and
movements of highly qualified athletes? All this leads to
the athlete being delayed in the place of repulsion during
the jump when changing the direction of the ball. This
is due to insufficient special physical training of athletes,
in particular insufficient development of agility and
vestibular stability.

The data of Castro et al. [37], Papadimitriu et al.
[38], Jaworska et al. [40], Wnorowski et al. [41] on the
dependence of the effectiveness of offensive actions on the
speed of attack, the quality of transmission that precedes
them, and the level of development of special physical
qualities of athletes received further development.

Highlights

The study was performed in accordance with the
thematic research plan of the Dnipro State Academy of
Physical Culture and Sports (Ukraine) for 2016-2020 on
the topic “Theoretical and methodological foundations
of planning and control in sports games in the process
of long-term improvement”, state registration number
0116U003012.

Conclusions

The proposed methodological approach significantly
affects the performance of competitive activities and is
directly related to the quality of tactical strikes, high-
level performance in defense and the number of serves.
The process of sports training should include restorative
microcycles, during which the process of adaptation to
previous vestibular loads is fully completed.
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