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Abstract. The study aimed to determine the impact of modern innovative tools on the effectiveness of students’ physical
development in the contemporary educational process. The research methodology included an experiment involving
150 students who received lessons using various interactive technologies. Methods of testing endurance, strength and
flexibility were used to assess the physical fitness of students. The results of the study demonstrated that students in
the experimental group achieved significant improvements in physical fitness, particularly in endurance and flexibility
tests, compared to the control group. The study noted an increase in motivation and satisfaction with the learning
process among students who used interactive technologies. The data obtained confirm that interactive teaching methods
improve the effectiveness of physical education and can be recommended for implementation in educational practice.
The introduction of interactive technologies positively affected students, increasing motivation to engage in physical
education and improving overall physical fitness. Students became more involved in the training process using mobile
apps to monitor their activity, as well as virtual simulators that made training interesting and accessible. This not only
increased interest in physical activities but also formed stable habits of an active lifestyle among students. Technologies
that tracked progress and provided individualised recommendations were particularly effective. These technologies
enabled students to receive real-time feedback, which greatly increased their motivation and helped them achieve better
results in physical education. The effectiveness of interactive technologies in physical education was confirmed, which
shows the expediency of using such technologies by physical education teachers in their practice to increase students’
motivation and improve their physical fitness

Keywords: modern education; sports training; innovations; educational methods; assessment

Introduction

The physical development of students remains an impor-
tant aspect of their overall education, as it affects not only
physical health but also psychological state and academic
performance. Physical education in Ukrainian higher ed-
ucation institutions is often based on traditional teaching
methods, which include standardised exercises, regulations
and regular physical education classes. However, these ap-
proaches do not always incorporate the individual needs of
students, their interests and current trends in physical de-
velopment. The motivation of students to engage in phys-
ical activity decreases, which leads to an insufficient level
of physical fitness. There is a need to introduce innovative
methods aimed at improving the physical development

of students. The introduction of modern interactive tools
and methods, such as mobile applications for monitoring
physical activity, online platforms with personalised train-
ing programmes, video tutorials and interactive games, can
significantly increase interest in physical education. These
innovations improve dynamics, interaction and individual-
ised environment for physical development. It is necessary
to create a physical education that develops not only physi-
cal abilities but also psychological resilience, discipline and
healthy lifestyle skills. Innovative methods make the learn-
ing process more interesting and accessible. This contrib-
utes to the formation of sustainable motivation for physical
education. Given these factors, research and integration of

Suggested Citation: Shapran, O., & Tkachuk, O. (2024). The use of interactive technologies in the physical education process.
Theory and Practice of Physical Culture and Sports, 3(2), 9-18. doi: 10.69587/tppcs/2.2024.09.
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innovative technologies into the educational process is es-
sential to improve students’ physical development. Solving
this problem will make it possible to more effectively adapt
physical education to the needs of modern youth and in-
crease its effectiveness.

Many scholars investigated the issue of the use of inter-
active technologies in physical education, in particular, the
study by G. Amina et al. (2023) identified different teaching
methods in physical education that demonstrate their sig-
nificant impact on motivation and effectiveness of classes.
The study emphasised the importance of interactive tech-
nologies in improving the motivation of students to engage
in physical education. A. Zhao (2023) emphasised that the
use of new technologies encourages students to engage in
physical activity more actively, due to interactive elements
that make the learning process more interesting and active.
X. Hu &J. Li (2024) investigated the impact of digital plat-
forms on the individualisation of physical education. The
study demonstrated that such platforms can adapt physi-
cal education programmes to the individual needs of each
student, which significantly increases the effectiveness of
classes. This is especially relevant in the context of different
levels of physical development of students when everyone
can get a programme that matches their level of training
and goals. The importance of mobile applications in mon-
itoring physical activity was studied by O.A. Isaqovich et
al. (2024). They emphasised that mobile apps not only help
students monitor their performance but also influence
their motivation to exercise regularly. Users can constantly
monitor their progress and adjust their training. Z. Xing &
Y. Qi (2023) studied the integration of video tutorials into
the educational process and their impact on improving the
technical training of students. The study concluded that
this method allows students to study in detail the technical
aspects of exercises, which improves their practical skills.
L. Jian (2024) analysed the use of gamification as a means
of increasing students interest in physical education. The
author proved that game elements in the training process
increase the appeal of the training process to students, con-
tributing to their greater engagement. The effectiveness
of personalised training programmes in the development
of the physical performance of students was studied by
Z. Lei et al. (2024), demonstrating that an individual ap-
proach contributes to faster and better results. D.T. Nguyen
& M.T. Nguyen (2024) studied the impact of a combined
approach that incorporates both traditional and innovative
methods to provide a more comprehensive approach to
students’ physical development, which increases the overall
effectiveness of the learning process.

These researchers highlighted the importance of inno-
vative approaches in improving students’ physical fitness
and motivation and have proposed various methods to
achieve these goals. The role of virtual reality in creating a
more effective learning environment for physical education
has been highlighted, although several issues remain unre-
solved. These include the optimal integration of innovative
methods into traditional physical education systems to en-
sure their maximum effectiveness. The long-term impact
of these technologies on students’ physical development
and motivation also needs to be investigated in more de-
tail. Thus, this study aimed to identify the impact of mod-
ern innovative technologies on the formation of physical

culture in students in the modern educational process. The
objectives of the study are: to analyse the current state of
physical development of students in Ukraine, identifying
the main problems and challenges in the system of phys-
ical education; to introduce innovative methods and tools
in the process of physical education of students and to as-
sess their impact on the physical fitness and motivation of
students; to conduct a comparative analysis of the results
of physical fitness of students who were taught using tra-
ditional methods and innovative technologies and based
on the data obtained to provide recommendations for opti-
mising physical education.

Materials and Methods

The study was conducted among students of physical edu-
cation faculties from several universities. Students were re-
cruited from the following three universities: National Uni-
versity of Ukraine on Physical Education and Sport, Faculty
of Physical Education; Ivan Bobersky Lviv State University
of Physical Culture, Faculty of Physical Education and
Sports; V.N. Karazin Kharkiv National University, Faculty
of Physical Education and Sports. Each university provid-
ed students from different courses and specialisations of
the Faculty of Physical Education to ensure a representa-
tive sample. The experimental study in physical education
involved third- and fourth-year university students who
were studying for a degree in physical education. All par-
ticipants were informed about the purpose of the study and
how their data would be used. This included information
about confidentiality and anonymity to ensure compliance
with ethical standards. Following the ethical standards of
the study, participants were allowed to give their consent to
participate and could withdraw at any time without giving
any reason (Declaration of Helsinki, 2013).

The experiment involved 150 male students (N = 150)
divided into two groups: experimental and control. The
experimental group consisted of 75 students (n="75) stud-
ying in a programme that included interactive technolo-
gies (such as online training platforms, video tutorials and
mobile applications for monitoring physical activity). The
control group, also consisting of 75 students (n ="75), con-
tinued to study using traditional physical education meth-
ods without the introduction of new technologies. The ex-
perimental part of the study included the introduction of
interactive technologies (online platforms — Nike Training
Club and virtual and augmented reality games FitXR) into
the educational process during the second semester of the
2023-2024 academic year. The programme included the use
of digital platforms to create individual training plans, vid-
eo tutorials on exercise techniques, and mobile applications
to monitor progress.

To evaluate the effectiveness of the methods used,
measurements were taken before and after the introduc-
tion of interactive technologies that allow students to track
their progress in real-time, depending on the speciality
they are studying. In addition, the Google Fit and Strava
mobile applications were used to motivate students to exer-
cise regularly. The student’s physical fitness was measured
using standardised testing methods, including the assess-
ment of students’ physical fitness using endurance, strength
and flexibility tests. Endurance tests — Cooper test (2023)
(measuring the maximum distance a student can run in 12
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min); running endurance test (running 800 m for women
or 1,000 m for men). Strength tests — strength testing (max-
imum number of pull-ups on the bar or push-ups from the
floor); test of maximum strength of the muscles of the low-
er body (squats with or without a barbell). Flexibility tests,
namely of the trunk (reaching toes in a sitting position)
and shoulder girdle (diagonal raising of arms behind the
back). These tests were used to assess the general physical
condition of students, including their endurance, strength
and flexibility, and help to compare the results between
the experimental and control groups before and after the
introduction of interactive technologies. The results were
rounded and then analysed using statistical methods to de-
termine the impact of interactive technologies on learning
outcomes in physical education.

Results

Theoretical analysis of various interactive technologies
in the process of teaching physical education
Interactive technologies in physical education can signif-
icantly improve the effectiveness of the learning process
and stimulate students” interest in physical activity. These
technologies cover a wide range of digital tools that facil-
itate individualised learning, monitor progress and pro-
vide new opportunities for teachers and students. One of
the most popular and relevant tools is mobile applications
that can be used to track physical activity, create individu-
al training plans, monitor progress and encourage regular
exercise. MyFitnessPal, for instance, allows users to keep
track of calories, activity and nutrient intake, which helps
students better understand their diet and physical activity.
Another popular app, Strava, provides the ability to record
workouts, competitions and achievements, which increases
motivation through the social aspect of the community.

Online fitness platforms also offer significant benefits.
Nike Training Club, for example, offers free access to a vari-
ety of video tutorials and training programmes. This allows
teachers to tailor the material to the individual needs of each
student. Students can watch the lessons at the desired pace,
which contributes to the flexibility of learning. Video les-
sons are another important component of interactive tech-
nologies in physical education. With video lessons, students
watch the correct technique of performing exercises, analyse
their mistakes and improve. YouTube and other platforms
offer many videos demonstrating various physical exercises
and techniques that students can watch several times for
better learning. Interactive games make physical education
more exciting and less routine. Virtual reality games allow
students to train in a fun and dynamic way. These games
help to develop coordination, endurance and other phys-
ical qualities, making physical education not only useful
but also entertaining. Interactive technologies create new
opportunities for physical activity, encourage students to
play sports and provide an individual approach to learning.

Every year, new technologies are introduced into the
education sector. Modern devices, such as computers, tab-
lets and smartphones with constant access to the Internet,
have become an integral part of modern life. Education
is now closely linked to the latest computer technologies.
Multimedia devices and communication tools are in-
creasingly being incorporated into educational processes.
However, the rapid development of technology creates

new challenges for the educational system, and 3D tech-
nology is now a modern trend in educational technology
that fully meets the requirements of modern education
(Ye et al., 2024). The use of interactive 3D environments
for learning is becoming an effective means of transfer-
ring and storing knowledge for several reasons: student
engagement, visualisation of abstract concepts, individual
approach, and increased information retention. The use of
interactive technologies in physical education significantly
expands the capabilities of traditional teaching methods.
They allow for a better individual approach to students,
stimulate their activity, increase their interest in classes
and help teachers to organise the learning process more
effectively. Such technologies can be particularly useful in
distance learning, where direct interaction with the teach-
er is not possible. With the development of technology,
its role in physical education is expected to grow, creating
new horizons for teachers and students.

In Ukraine, mobile apps and online platforms are the
most actively used to monitor and promote physical activi-
ty. Mobile apps are particularly popular among students as
they provide a convenient and easy way to track physical
activity, set personal goals, and receive recommendations
and reminders. Such apps allow users to keep workout di-
aries, track progress, and share achievements with friends
or even compete with them. They are often integrated with
other platforms, which can be used to utilise data from mul-
tiple sources to compile a complete overview of physical ac-
tivity level. Many apps also have social interaction features
that help motivate users through support and competition
with other people. With these features, mobile apps have
become an important tool in promoting and maintaining a
healthy lifestyle among young people in Ukraine.

According to a study by the World Health Organiza-
tion (2018), about 81% of adolescents worldwide did not
reach the recommended level of physical activity, which
is at least 60 min a day of moderate to vigorous physical
activity. According to data from different countries, this
figure is alarming, as insufficient physical activity can lead
to health problems such as obesity, diabetes and cardio-
vascular disease. The integration of modern technologies,
such as mobile apps and virtual training, can have a signif-
icant impact on students’ physical activity levels, increasing
their motivation and interest in physical education. These
technologies help students to monitor their activity, receive
feedback and develop sustainable exercise habits.

The world’s leading countries use a range of innova-
tive interactive technologies to improve physical education,
which are not yet widespread in Ukraine (Bezkopylnyi et
al., 2020). One of these technologies is virtual reality, which
can be used to create training programmes and simulations
that motivate users to be physically active through game
scenarios and virtual sports competitions. Another tech-
nology is augmented reality, which integrates digital ele-
ments into the real world to help students perform exer-
cises with real-time technique correction. High-tech smart
clothing and fitness monitors have also gained popularity;
they can track numerous health and fitness parameters,
such as heart rate, calorie intake and stress levels. Interac-
tive simulators and robotic systems that adapt to the indi-
vidual needs of the user are also used to create personal-
ised training programmes. In Ukraine, these technologies
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have not yet been widely adopted, and most educational
institutions use traditional methods of physical education,
which limits the opportunities for individualisation and
modernisation of the educational process. The introduc-
tion of such advanced technologies could significantly im-
prove the effectiveness of physical education and students’
interest in physical education.

The formation of physical culture in Ukrainian univer-
sities faces several negative trends that affect the physical
development of students. One of the main problems is a
decrease in students’ motivation to engage in physical edu-
cation. This is due to the overload of the curriculum, which
often leaves little time for regular physical activity. Given
the heavy workload, many students consider sports to be
of secondary importance and do not pay due attention to
it. Another negative trend is the insufficient material and
technical base at some universities. Lack of modern sports
equipment, limited access to sports grounds and lack of
variety in the sports activities offered reduce the attrac-
tiveness of physical education for students. In addition,
modern lifestyles, characterised by a significant amount of
time spent on computers and smartphones, also contribute
to a decrease in physical activity among young people. The
resulting physical inactivity hurts the overall health and fit-
ness of students. The lack of active activities in everyday life
and low awareness of the importance of a healthy lifestyle
also contribute to these negative trends. Low motivation,
insufficient material resources and a passive lifestyle are the
main challenges in the development of physical education
among students.

The use of innovative technologies in physical educa-
tion is becoming increasingly common, as they allow for an
individualised approach to learning, tracking students’ pro-
gress and providing accurate recommendations to improve
their physical condition. Mobile apps can offer personal-
ised training programmes based on the individual needs
and physical condition of the student. Digital technologies
allow tracking not only activity but also the effectiveness of
each workout. This allows teachers to tailor lessons for each
student based on the data they receive. In Japan, innovative
approaches to sports are based on the integration of tradi-
tional physical exercises with the latest technologies (Sports
culture in Japan, 2023). One example of a technology ap-
plication is the use of augmented reality in physical educa-
tion. Virtual reality is used to learn and master new move-
ments and exercises. Simulations can help comprehend the
technique of performing exercises, as well as see possible
mistakes in the technique. This significantly increases the

efficiency of training and helps to avoid injuries. Sensors
are actively used to track physical activity. Such sensors can
be built into uniforms or shoes and allow trainers to obtain
accurate data on motor activity. This data is analysed and
used to create individual training plans.

At the same time, the use of innovative technologies in
physical education in Ukraine is still underdeveloped. Al-
though some universities and schools are beginning to use
digital technologies, their use remains limited. The main
problem is the lack of funding and infrastructure, which
makes it difficult to integrate the latest technologies into
the educational process. To improve the situation, Ukraine
should address the experience of other countries and fo-
cus on developing the material and technical base of edu-
cational institutions. This includes providing schools and
universities with modern equipment and developing and
implementing digital platforms for monitoring and man-
aging students’ physical activity. In addition, it is impor-
tant to improve the skills of physical education teachers by
providing them with access to curricula that focus on the
use of innovative technologies in pedagogical practice. It
is necessary to consider the possibility of developing pub-
lic-private partnerships in this area, attracting investments
from the private sector to modernise sports infrastructure
and introduce the latest technologies. Involving students in
the active use of innovations through promotion and mo-
tivation could also be an important step. The introduction
of innovative technologies in physical education in Ukraine
can significantly improve the level of physical fitness of stu-
dents and make this process more efficient.

Empirical study of the effectiveness

of interactive technologies in physical education

The students in the experimental group used a range of in-
teractive technologies to check their progress in physical
education. These included online platforms (Nike Training
Club) that were used to monitor their classes and progress,
as well as to learn exercise techniques, review instructions
as many times as necessary, and avoid injury. Virtual and
augmented reality games that required active physical ac-
tivity (FitXR) were used. The Cooper test is a standard en-
durance test that assesses the aerobic endurance of partic-
ipants based on the distance they can run in 12 min. The
results of the test revealed conclusions, that were used for
comparing the level of physical fitness and the ability to
prolonged physical activity of the experimental and control
groups after a semester of the educational process using dif-
ferent methods (Table 1).

Table 1. Results of the study of both groups by the Cooper test

Aspect Experimental group Control group
Average distance 2,900 m 2,700 m
Standard deviation 150 m 180m
Minimum distance 2,600m 2,400 m
Maximum distance 3,200m 3,050 m

Source: compiled by the authors

The experimental group demonstrated higher average
results in this test, where participants were able to run 200
m more than the control group. This increase in average
distance indicates that the use of interactive methods had

a significant positive impact on their aerobic endurance.
Increased aerobic endurance was the result of the system-
atic introduction of new training methods that focus on
increasing aerobic load, developing the cardiorespiratory
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system and improving running technique. It is important
to note that the experimental group showed a smaller varia-
tion in results (measured by standard deviation) compared
to the control group. This indicates that the new technolo-
gies affected all students in this group more evenly, increas-
ing their endurance to a similar level. After using the new
techniques, the students had a more equal level of physical
fitness, which indicates their effectiveness and versatility
for a wide range of participants. In the control group, there
was a greater variation in results, which indicates that tra-
ditional methods are less effective or have an unequal effect
on all participants. This could be attributed to the fact that

some students were less sensitive to conventional methods,
or that these methods did not accommodate individual
physical fitness characteristics. Thus, the lower scores and
higher average distance in the experimental group confirm
that the new technologies are effective in providing more
uniform results regardless of the initial level of students’
fitness, which is important for creating equal conditions
for all participants. The endurance test in running involves
running a certain distance (800 m for women and 1,000 m
for men) at maximum speed. This test was used to evaluate
the students’ ability to withstand intense physical activity at
short distances (Table 2).

Table 2. Results of the study of both groups on the endurance test in running

Aspect Experimental group Control group
Average time 3min30s 3min4bs
Standard deviation 20s 25s
Minimum time 3min10s 3min20s
Maximum time 3min50's 4min05s

Source: compiled by the authors

The results of the mentioned test demonstrated the
superiority of the experimental group over the con-
trol group. The participants of the experimental group
achieved an average time that was 15 s faster than the
control group. This result is an important indicator, as 15
s over a short distance, such as 800 or 1,000 m, can be de-
cisive in sports competitions, and indicates a marked in-
crease in speed endurance among the participants in this
group. Increased speed endurance can be the result of tar-
geted training aimed at developing the ability of the body
to run at maximum or submaximum speeds for a certain
amount of time. This also included the use of interactive
technologies in the educational process and additional
endurance training that combined strength and aerobic
training, interval running, sprints and other exercises that
help to increase the ability of muscles to use oxygen effi-
ciently and recover quickly between intense loads.

The standard deviation of the time in the control
group was slightly higher, indicating significant differ-
ences in the performance of students in this group. This
could indicate that the level of physical fitness of the stu-
dents in the control group was less homogeneous. These
differences were caused by several factors. The control
group included students with different initial levels of
physical fitness, which affected their results. Tradi-
tional training methods in the control group were not

sufficiently adapted to these individual characteristics,
which led to a greater variation in results. Moreover, the
traditional training methods used in the control group
did not provide the same level of training for all stu-
dents. Consequently, some students may have benefited
less from these techniques, leading to more significant
differences in results.

Therefore, the faster average time in the running en-
durance test in the experimental group, together with the
lower standard deviation, indicates that the new technol-
ogies in physical education introduced in this group not
only contributed to the improvement of speed endurance
but also ensured a more homogeneous level of physical
fitness among the participants. In the control group, how-
ever, the dispersion of results indicates that the traditional
methods did not have as strong or uniform an impact on
all participants. This highlights the need to adapt training
programmes to the individual needs of students to ensure
more effective development of their physical capabilities.
The results of the next two tests, namely the maximum
number of pull-ups on the bar or push-ups from the
floor (to assess the strength of the upper body) and the
maximum strength of the lower body muscles (assessed
through squats with or without a barbell), was also used
to assess the impact of interactive teaching methods on
students’ physical fitness (Table 3).

Table 3. Results of strength testing of both groups

No. Element Experimental group Control group
Average number 25 repetitions 20 repetitions
) Standard deviation 5 repetitions 6 repetitions
Minimum number 15 repetitions 10 repetitions
Maximum number 35 repetitions 32 repetitions
Average weight 80 kg 70 kg
) Standard deviation 10kg 12kg
Minimum weight 60 kg 50 kg
Maximum weight 100 kg 90 kg

Source: compiled by the authors
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The results of the upper body strength test demonstrate
a significant advantage of the experimental group, which
used interactive technologies in the process of teaching
physical education. The average number of repetitions in
this group was 25, which is 5 repetitions more than in the
control group. This may indicate that interactive teaching
methods contributed to more effective development of
upper-body muscle strength. Interactive technologies in-
cluded the use of special programmes and mobile applica-
tions that allowed students to receive instant feedback on
their exercise technique and correct their movements in
real-time. This increased students’ motivation and engage-
ment in the training process, which led to better results.
The lower standard deviation in the experimental group (5
repetitions versus 6 repetitions in the control group) also
indicates a more uniform level of training among students.
This indicated that the interactive technology provided a
more personalised approach to training, allowing each stu-
dent to train at their optimum level.

The students in the experimental group also demon-
strated better results in the test of maximum lower-body
muscle strength. The average weight lifted by students in
this group was 10 kg more than in the control group. This
suggests that the interactive technologies contributed to a
better understanding and execution of the squat technique
and therefore led to greater strength gains. The interac-
tive technologies included video tutorials with detailed
demonstrations of the correct squatting technique, which
helped students avoid mistakes and get the most out of
their training. In addition, real-time progression tracking

further motivated students to improve their results. The
lower standard deviation in the experimental group (10 kg
compared to 12 kg in the control group) indicated that in-
teractive training methods contributed to a more uniform
strength development among all students in this group.
This indicates that such technologies can be used to adapt
the training process to the individual needs of each partic-
ipant, providing them with optimal conditions for achiev-
ing maximum results.

The results of the strength tests demonstrated that
students in the experimental group who used interactive
technologies in their physical education classes achieved
better results in both the upper body strength test and
the lower body strength test. The higher mean scores and
lower variance of the results indicate that these technol-
ogies were more effective in improving students’ physi-
cal fitness than the traditional teaching methods used in
the control group. These findings suggest that interactive
technologies can significantly improve the effectiveness of
physical education teaching by providing an individual-
ised approach, increased student motivation and engage-
ment, and better results in muscle strength development.
This highlights the potential of interactive methods as a
substantial tool for modernising and improving physical
education curricula. For the final analysis of the use of
interactive technologies in physical education, tests were
conducted on trunk flexibility (reaching toes in a sitting
position) and shoulder girdle flexibility (diagonal raising
of arms behind the back). The results of these tests are
presented in Table 4.

Table 4. Results of the assessment of flexibility of students in both groups

No. Aspect Experimental group Control group

Average distance +15¢cm +10cm

Standard deviation 3cm 4em

! Minimum distance +5¢cm Ocm
Maximum distance +25¢cm +20cm

Average distance between hands +5¢cm 8cm

Standard deviation 2cm 3cm

? Minimum distance Ocm 3cm
Maximum distance +10cm +15¢cm

Source: compiled by the authors

The results of the trunk flexibility test indicate an ad-
vantage for the experimental group, which demonstrated
an average result of +15 cm, which is 5 cm more than the
control group. This indicates that the interactive technol-
ogies used in the training process significantly impacted
body flexibility. Interactive technologies included the use
of video instructions for the correct stretches, which helped
students to better understand and perform flexibility exer-
cises. Programmes or apps could also be used to enable stu-
dents to track their progress and receive real-time feedback,
which contributed to better results. The smaller standard
deviation in the experimental group (3 cm in contrast to
4 cm in the control group) also indicates that interactive
technologies contributed to a more even development of
flexibility across all students. This suggests that these tech-
nologies may have helped to create more personalised flex-

ibility programmes that were effective for all participants in
the experimental group.

The shoulder girdle flexibility test demonstrated that
students in the experimental group also performed better,
with an average distance of 5 cm between their hands. This
suggests that interactive technologies also had a positive
impact on this flexibility, helping students to better develop
this important physical characteristic. These technologies
included the use of specialised shoulder girdle flexibility
exercises presented in the form of video tutorials and inter-
active instructions, which facilitated the correct execution
of movements and helped students achieve better results.
The smaller standard deviation in the experimental group
(2 cm compared to 3 cm in the control group) indicates that
the interactive technology programmes were effective for a
wide range of students, providing them with a level playing
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field for improving flexibility. Therefore, the results demon-
strated that students in the experimental group who used
interactive technologies achieved better results compared
to the control group. The higher average scores and lower
variance of results indicate that these technologies contrib-
uted to improved student flexibility, providing a more per-
sonalised and effective approach to physical education. This
highlighted the potential of interactive technologies to en-
hance physical education curricula, enabling more effective
learning and development of students’ physical abilities.

Discussion

The results of the study demonstrated that with the in-
creasing availability of technological solutions, such as mo-
bile applications, and virtual and augmented reality, new
opportunities are emerging to improve the efficiency and
motivation of students, especially in physical education
classes. Motivation is a key factor in successful learning,
especially in the context of physical activity. The results of
this study confirm that interactive technologies can signif-
icantly increase students’ motivation to engage in physical
education. According to the study, students who used inter-
active technologies such as fitness trackers, physical activity
tracking apps, and virtual simulators demonstrated higher
levels of interest and active participation in classes com-
pared to those who engaged in traditional methods. These
findings correlate with those of other researchers who have
also noted the positive impact of technology on motivation
to engage in physical activity, including a study by O. Bez-
kopylnyi et al. (2020) that identified the use of mobile apps
to track physical activity as a way to increase students’ mo-
tivation by allowing them to visualise their achievements
and progress. Another researcher, S. Yadav (2024), revealed
that interactive games aimed at physical activity can sig-
nificantly increase children’s interest in physical education,
particularly among primary school students. The conclu-
sions of these studies are confirmed by the data obtained in
the current study.

Interactive technologies not only increase the moti-
vation of students but also significantly improve technical
skills and physical performance. In particular, the study
demonstrated that the use of technologies such as virtual
simulators and video analytics of movements allows stu-
dents to master the technique of performing various phys-
ical exercises much faster. This is achieved through the
ability to practice movements in a controlled environment,
which repeating the exercises as many times as necessary to
achieve the desired result. Such training helps students to
learn the correct technique in detail and correct mistakes
early on in their training. These findings are consistent with
the results of a study by Y. Niu (2023), which demonstrated
that the use of video analytics allows students to analyse
individual movements and make the necessary adjust-
ments, which speeds up the process of mastering the tech-
nique. Furthermore, a study by Y. Li & M. Jawis (2024) and
M. Miller et al. (2024) confirmed that interactive technol-
ogies contribute not only to the development of technical
skills but also to the improvement of physical indicators
such as endurance, strength, and flexibility. This is facili-
tated by the ability to receive instant feedback and correct
actions quickly and promptly. Therefore, interactive tech-
nologies are key to modern physical education, providing

students with tools that not only make the learning process
more engaging but also help them achieve high results in a
shorter time. Interactive technologies also help to increase
the level of interaction and collaboration among students
during physical education classes. According to a study, the
integration of technologies that allow students to work in
teams helps to develop social skills and increase classroom
cohesion. This can be achieved through technologies such
as interactive games or team sports applications where each
student can contribute to the overall team performance.
These results are consistent with the findings of G. Lam-
propoulos & K. Kinshuk (2024) and C. Li et al. (2024), who
indicated that the use of interactive technologies in team
sports increases the level of interaction between students
and the development of cooperation skills. Research by
W. Tarng et al. (2024) confirmed that technologies that
allow learners to participate in virtual competitions or
group exercises can significantly increase social inclusion
and contribute to a positive learning environment. It is
important to consider the challenges associated with the
introduction of interactive technologies, such as unequal
access to technology and the risks of reducing direct physi-
cal activity. These aspects require additional attention from
teachers and school administrators to ensure equal oppor-
tunities for all students.

However, despite the numerous advantages of inter-
active technologies, it is also worth noting some of the
challenges and limitations associated with their implemen-
tation in the process of physical education. Other studies,
such as A. Ponmalar et al. (2022), X. Wang (2024) and
R.A. Gonzalez-Rivas et al. (2024), highlighted the prob-
lem of the digital divide, which can hinder the effective
implementation of interactive technologies in the learn-
ing process. Studies conducted by M. Kuleva (2024) and
R. Zhu et al. (2024) noted that in conditions of limited
access to technology, interactive methods may even in-
crease the difference in physical fitness between students
from different social and economic groups. Some research-
ers, namely J. Xu (2024), A.C. De Araujo et al. (2024), and
N. Yannier et al. (2024), highlighted that excessive use of
technology in physical education can lead to a decrease in
the level of direct physical activity. M. Herczeg (2024) and
B. Carter-Thuillier et al. (2024) noted that an over-reliance
on interactive technologies can reduce the time students
spend on outdoor activities, which can negatively affect
their overall physical condition.

An important component of the successful implemen-
tation of interactive technologies in the process of teach-
ing physical education is the correct pedagogical approach.
According to the results of this study, the most effective
pedagogical strategies are those that combine tradition-
al teaching methods with interactive technologies. This
maximises the benefits of both approaches and provides
optimal conditions for students’ development. These find-
ings correlate with those of A. Isteni¢ (2021) and Q. He et
al. (2024), who emphasised the importance of combining
interactive technologies with traditional teaching methods
to achieve the best results in physical education. The au-
thors noted that technologies can only be effective if they
are integrated into the pedagogical process, based on the
age and individual characteristics of students, as well as the
specifics of the educational material. Another important
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aspect is teacher training in the use of interactive technol-
ogies. The study identified that the success of technology
implementation largely depends on the competence and
readiness of teachers to change the educational process.
Teachers with a sufficient level of technical knowledge and
skills are more successful in incorporating technology into
their classes, which is also confirmed by M.S. Alsaeed &
M.K. Aladil (2024) and L. Ge et al. (2024). The use of in-
teractive technologies in physical education has significant
potential to improve the quality of education, increase stu-
dent motivation and physical performance, and improve
technical skills and physical performance, which contrib-
ute to the development of social skills through collabora-
tion and interaction. The results of this study are consistent
with the findings of previous studies, confirming the effec-
tiveness of integrating technology into physical education.
However, it is worth remembering that to maximise the use
of technology, it is necessary to address the challenges as-
sociated with its implementation and apply individualised
approaches to learning. The successful implementation of
interactive technologies in physical education depends on
teacher training, ensuring equal access to technology and
a comprehensive approach to the integration of the latest
technological tools into the learning process.

Conclusions
The use of innovative technologies in physical education is
an important element of modern education, which allows
not only to improve the level of physical fitness of students
but also to make this process more exciting and effective.
The introduction of digital platforms, apps for monitor-
ing physical activity, and the integration of the latest tech-
nologies such as virtual reality and augmented reality can

of educational institutions. This limits the possibility of
widespread use of modern technologies in physical educa-
tion, which affects the overall level of physical education
among students. To overcome these problems, it is neces-
sary to modernise the infrastructure, provide educational
institutions with modern equipment, and improve the skills
of physical education teachers. Involving the private sector
through public-private partnerships could be an important
step to expand funding opportunities and innovations.

A comparison of the results of both groups in two
different endurance tests concluded that the experimen-
tal training methods contributed to the improvement of
students’ physical fitness. The experimental group demon-
strated better results in both the Cooper test and the run-
ning endurance test. This indicates an increase in overall
endurance, both in the context of prolonged physical ac-
tivity (Cooper test) and in speed and power characteristics
(800/1,000 m run). The results of strength tests showed
that students of the experimental group who used inter-
active technologies in physical education classes showed
higher results in tests of upper and lower body strength.
With an average distance of 5 cm between their hands, stu-
dents in the experimental group outperformed students
in the control group in the shoulder girdle flexibility test.
The above test results demonstrate that the students of the
experimental group, which used interactive technologies,
outperformed the students of the control group. A prom-
ising direction is to study the economic feasibility of intro-
ducing interactive technologies in physical education. This
includes estimating the costs of implementing technologies
and comparing them with traditional teaching methods.
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AHoTaujifa. MeTow mocmimKeHHs Oyno 3’sCyBaTH BIUIMB CYYacHMX iHHOBAL[ifHMX IHCTPYMEHTIB Ha e(eKTUBHICTDH
(bisMYHOTO PO3BUTKY CTY/ICHTIB y CY4aCHOMY OCBiTHbOMY Hpolieci. MeTofomoris JOCTiIKeHHA BKII0YasIa eKCIIePUMEHT,
Yy AKOMY B3s/IM y49acTb 150 CTy[eHTiB, AKi HaBYanuCA i3 BUKOPUCTAHHAM PiSHMX BUJIIB iHT€PAKTMBHUX TEXHOJIOTI.
Ins ominku (l)isquo'l' MJrOTOB/IEHOCT] CTY[EHTIB BUKOPUCTOBYBA/IMCA METOAMKM TE€CTYBaHHHA Ha BUTPUBAJICTD,
CUJIy Ta THYYKiCTb. PesynbraTy JOCTiI)KEHHA MMOKa3any, 0 CTY/IeHTH eKCIIePYMEHTAIbHOI TPy IPOJAEMOHCTPYBAIN
3HaYHe MOKpallleHHs Y (isUYHil MArOTOBI ITOPIBHAHO 3 KOHTPOJIBHOIO IPYIIOI0, 30KpeMa B TeCTaX Ha BUTPUBAJIICTD
Ta THYYKiCTb. Y [JOC/I/I)KEHHI Bifj3HayanocsA IiIBUILIEHHA PiBHA MOTMBALil 1 3aJOBOJICHHA HaBYaJbHUM IIPOLIECOM
cepef; CTY/IeHTiB, AKi BUKOPUCTOBYBa/IM iHTepaKTMBHi TexHosorii. OTpuMaHi fjaHi MiATBEpHKYIOTD, 1[0 iHTePAKTUBHI
METOZM HaBYaHH: [IO3UTVBHO BIUIMBAIOTh Ha e(peKTUBHICTD (PisMYHOrO BUXOBAHHA i MOXYTb OyTU peKOMEHJOBaHi i
BIIPOBaJPKEHHA B OCBITHIO NPAKTUKY. BIpoBa/pKeHHA iHTepaKTUBHUX TE€XHOJIOTiN Malo 3HAYHMI NMO3UTUBHMII BIIMB
Ha CTY[ICHTIB, CIPMAIOYY IiIBUIEHHIO IXHbOI MOTUBALI 1O 3aHATD (i3VYHOIO KYIBTYPOIO Ta IOKPAIIEHHIO 3araJbHOi
¢isuunoi migrorosku. CTyfeHTH cTanyu OUIBII 3aMyYeHNMN B IIPOLeC TPEHYBaHb 3aBMsAKM BUKOPUCTAHHIO MOOUIBHMX
TONATKIB [I/I1 KOHTPOMIO 3a aKTVBHICTIO, a TAKOX BIPTYalbHMUX TPEHaXepiB, sIKi POOWINM TpeHyBaHHs LIKaBUMU Ta
moctynHuMu. Lle Z03BOMMIO He TiNbKM MiABMUIGUTK iHTepec K0 (isSMYHMX 3aHATD, ane /i cpOpMyBaTH B CTYAEHTIB CTiiiKi
3BMYKY JI0 aKTUBHOTO CIIOCO0Y >KUTTA. Oco61m1BO eheKTMBHUMM Oy/IM TEXHOJIOTII, 110 BifjcTeXXyBanu Iporpec i HajjaBaan
inpuBinyanbHi pexoMeHfaii. 3aBIAKY LM TeXHOJIOTLAM CTYAEHTI MajIil MOXIVBICTb OTPYMYBATI 3BOPOTHII 3B A30K Y
peasIbHOMY 4aci, [0 3HaYHO MiIBUIIYBAJIO IXHIO MOTUBAIII0 Ta CIPUAIO JOCATHEHHIO KPAIlUX pe3y/IbTaTiB y QpisnaHOMY
BuxoBaHHI. ITifTBepIKeHO e()eKTUBHICTD IHTEPAKTUBHIX TEXHOJIOTil Y pi3aNYHOMY BUXOBAHHI, 1110 TI0KA3ye€ JOLINbHICTD
3aCTOCYBAHHS TaKMX TEXHOJIOTiN BuKmafadamy (isMYHOI KYABTYpPU Y CBOIN NMPaKTMIH A/ IMiBUINEHHS MOTMBAIii
CTYHEHTIB Ta OKpalleHHs IXHbOI Pi3NIHOI MATOTOBKY
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Abstract. The results of the generalisation of the training experience of young female track and field athletes show that
taking into account the biological features of the female body in sports practice consists, mainly, in the application of a
smaller amount of training load. At the same time, cyclical changes in the level of manifestation of physical qualities, which
are due to the phases of the ovarian-menstrual cycle, are not taken into account. Therefore, the purpose of the study was
to study the dynamic indicators of the motor capabilities of young multi-athletes during the ovarian-menstrual cycle. To
realise the established goal, the following research methods were used: analysis, systematisation and generalisation of the
data of literary sources on the studied issues; pedagogical (declarative experiment, testing); sociological (questionnaires);
methods of mathematical statistics. 23 female track and field athletes aged 17-18 took part in the study. The level of motor
capabilities of the subjects was determined on the days that correspond to a certain phase of the menstrual cycle. The
dynamics of indicators of physical work capacity, strength, speed-strength abilities, as well as speed and speed endurance
were determined. It was found out that the level of manifestation of the mentioned indicators in female athletes during the
ovarian-menstrual cycle is not constant and changes in accordance with the phases of the cycle and has a heterochronic
character. The lowest level of physical efficiency, strength, speed and strength abilities, speed and speed endurance was
observed in the premenstrual and menstrual phase of the ovarian-menstrual cycle, which determines the necessity of
reducing the volume of training load in the last (fourth) week of the cycle. The highest level in the cycle of manifestation
of motor abilities of girls-athletes is characteristic of the postmenstrual and postovulatory phase, which allows for the
planning the maximum physical activity in this period

Keywords: biological features; female body; multi-athletes girls; physical capacity; physical abilities

Introduction

There is an increase in the skills of young female track and
field athletes, which is primarily related to an increase in the
volume of training loads. The increase in physical activity is
one of the conditions for increasing the effectiveness of the
training process. However, an equally important condition
is the optimisation of the construction of its process. One
of the ways to solve this problem can be the construction
of training sessions for young female athletes, taking into
account cyclical changes in the state of sexual function and
the body as a whole, which determine the peculiarities of
the individual ovarian-menstrual cycle (OMC). The anal-
ysis of literary sources shows that much attention is paid
to the problem of women’s sports. A number of studies
are devoted to the features of muscular work capacity in
adult female athletes, which are caused by changes in the
functional state of their bodies. Thus, L. Shakhlina (2020)

scientific investigations are devoted to the current prob-
lems of sports physiology and sports medicine - the ad-
aptation possibilities of the female body to large physical
and psycho-emotional loads in modern high-achievement
sports. The results of the author’s many years of compre-
hensive research reveal the functional capabilities of female
athletes in different phases of the menstrual cycle, as well
as the physiological mechanisms that determine changes in
their physical performance during the menstrual cycle.
The peculiarity of building the training process for
women specialising in middle-distance running was the
topic of research by O. Roda et al. (2018). The authors sub-
stantiated and developed the structure and content of the
basic mesocycles of the training process for middle-distance
runners, taking into account functional changes in the fe-
male body. The dissertation research of N. Yevpak (2018)
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was devoted to the issue of optimisation of the process of
competitive activity of female water polo players. Research
was conducted to increase the effectiveness of the training
process of female athletes who specialise in martial arts.
L. Shakhlina et al. (2021) considered the issue of load plan-
ning in the micro- and mesocycles of training female ath-
letes who specialise in judo in different phases of the men-
strual cycle. O. Lysenko et al. (2021) studied the issue of
the manifestation of special working capacity of high-class
female boxers depending on the cyclical functioning of the
body. I. Diadechko (2018) researched the improvement of
the training process of qualified handball players, taking
into account the specific features of the body.

However, it should be noted that there is a distinct lack
of scientific developments devoted to optimising the sports
training of young female athletes. An exception is the study
by E. Vrublevskiy et al. (2018), which is dedicated to op-
timising the process of special physical training of girls
specialising in short-distance running, taking into account
the biorhythms of their bodies. It is also necessary to note
the studies by K. Bugaevsky (2021; 2023), who studied the
peculiarities of the process of sexual maturation of young
female athletes involved in sports games. From the point of
view of ensuring an increase in the efficiency of the training
process of young female track and field athletes, it is of great
interest to study the dynamics of not only such an integral
indicator as the sports result but also important indicators
of motor capabilities during the entire OMC and not only
in its separate phases. Therefore, the purpose of the study
was to study the dynamics of various indicators of motor
capabilities of young all-around athletes during the OMC.

Materials and Methods

To realise the set goal, the following research methods were
used: analysis, systematisation and generalisation of data
from the literary sources of the researched issues; pedagog-
ical (observation, experiment) testing; sociological (ques-
tionnaire); methods of mathematical statistics. Before the
start of the study, a questionnaire was conducted among 31
sportswomen using an anonymous questionnaire in order
to identify individuals with a normal course and the same
duration of OMC. After analysing the data from the ques-
tionnaires, subjects were selected from the OMC lasting 28
days. As a result, 23 female track and field athletes aged 17-
18 (N=23) took part in the study, 20 of whom specialised
in track and field all-around. Among the researched were
eight sportswomen who had the sports Category I and 15 -
the sports Category II.

The level of motor capabilities of young female track
and field athletes was determined on the 1%, 4%, 7%, 11%,
13%h, 14t 17t 22nd 24t and 28" days of the OMC. The
selection of these days for testing was carried out in ac-
cordance with the generally accepted classification of
OMC (Anderson & Babcock, 2008; McNulty et al., 2020;

Carmichael et al., 2021). The dynamics of indicators of the
motor capabilities of multi-athletes girls were determined
during the three OMCs of the preparatory period of the
annual training cycle. In the process of ascertaining the
experiment, the following pedagogical tests were used to
determine the motor capabilities of young track and field
athletes: the physical working capacity (PWC 70) test us-
ing running loads; running 30 and 60 m (speed abilities);
running 150 and 300 m (speed endurance); performing
long jump from a standing position (speed-strength abili-
ties); hand dynamometry (hand muscle strength) (Krutse-
vich et al., 2011).

The methods of mathematical statistics of actual mate-
rial were carried out in order to interpret the results of the
pedagogical experiment. The following were determined:
the arithmetic mean of the variation series (x), the mean
square deviation (S), the error of the arithmetic mean (m).
Comparison and reliability of differences between separate
groups of indicators were determined using the Student’s
t test at a significance level of at least 0.05. Statistical pro-
cessing of the research results was carried out on a personal
computer using the package of applied statistics of auto-
mated data processing systems STATISTICA 6.0, as well as
the spreadsheet editor Excel for MAC-2015.

The girls studied are members of the sports club of
Khmelnytskyi National University. The research was con-
ducted in compliance with the requirements of the Decla-
ration of Helsinki (2013). The questionnaire included the
following questions: 1. Age; 2. Type of sport; 3. Rank; 4. At
what age did you start playing sports?; 5. At what age did
you start menstruating?; 6. Nature of the menstrual cycle
(regular, after 21, 24, 28, 30, 40, 60 days (underline), irreg-
ular (indicate the duration of breaks, was there bleeding?));
7. Nature of bleeding before starting to play sports; 8. Na-
ture of bleeding after starting to play sports; 9. Feelings
before menstruation (headaches; swelling of the mamma-
ry glands; increased fatigue, irritability; pain in the small
pelvis); 10. Feelings during menstruation; 11. Do you train
on all menstrual days (yes, no, with restrictions, without re-
strictions)?; 12. Is training during menstruation effective?;
13. Do you participate in competitions during menstrua-
tion?; 14. What were your results in competitions in which
you participated during menstruation?

Results and Discussion

As aresult of the study of the general physical performance
of track and field athletes according to the PWC 70 test, it
was established that it is not constant during the OMC but
fluctuates according to the phases of the menstrual cycle.
The lowest level of work capacity is observed in the subjects
in the premenstrual and menstrual phases. The highest lev-
el of work capacity in the cycle was registered in the post-
menstrual and postovulatory phases, with some decrease in
the ovulatory phase (Table 1).

Table 1. Changes in indicators of general physical performance
of female track and field athletes during the OMC, N=23

Statistical indicators, m/s
OMC days _
X S m p
1 3.37 0.26 0.05
4 3.41 0.26 0.05 <0.05
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Table 1, Continued

Statistical indicators, m/s
OMC days —
X S m p
7 371 0.33 0.07 <0.05
1 391 0.38 0.08 <0.05
13 3.88 0.36 0.08 >0.05
14 3.65 0.35 0.07 > 001
17 3.95 0.38 0.08 >0.05
22 3.86 0.40 0.08 >0.05
24 3.80 0.39 0.08 <0.05
28 3.39 0.36 0.08 > 001

Note: x - the arithmetic mean of the variation series; S — mean square deviation; m — error of the arithmetic mean; p - reliability of

Student’s ¢ test differences
Source: created by the author

Physical work capacity changed not only in differ-
ent phases of the OMC but also during the phases them-
selves. The data in Table 1 show that the smallest value
characterising work capacity was observed on the 1% day
of the cycle - 3.37 £ 0.25 m/s. On the 4" day, that is, be-
fore the end of the menstrual phase, the work capacity
increased - 3.41 + 0.26 m/s. On the following - 7* and
11* days, the indicator increased to 3.71+ 0.33 m/s and
3.91 +£0.38 m/s, respectively. Some deterioration of work
capacity was observed during the ovulatory phase (13-14
days) - 3.88 £0.36 m/s and 3.65 £ 0.35 m/s, respectively.
On the 17 day (postovulatory phase), there was a repeat-
ed increase in the physical performance of the subjects to
3.95+0.38 m/s, the level of which did not change signifi-
cantly until the 24" day of the cycle. On the 28" day, i.e.,
in the premenstrual phase, the studied indicator rapidly

decreased to 3.39 £0.36 m/s. Thus, in the studied girls, the
two phases of OMC - postmenstrual and postovulatory -
are characterised by the highest level of general physical
work capacity.

The dynamometry method was used to assess the level
of strength development of the subjects. The level of devel-
opment of speed and strength abilities was determined by
the results of the “Long jump from a standing position” test.
The results of the study of the manifestation of strength
indicate a certain increase in it until the end of the men-
strual phase and a significant increase in the postmenstrual
phase. In the ovulatory phase, this level decreases slightly,
after which it rises a second time. The premenstrual phase
is characterised by a decrease in the level of manifestation
of strength. The dynamics of strength manifestation by
days of the menstrual cycle were as follows (Table 2).

Table 2. Changes in strength indicators and speed-strength abilities
of track and field athletes during the OMC, N=23

Statistical indicators
OMC days Hand dynamometry, kg Long jump from a standing position, cm
X S m p X S m p

1 35.58 2.97 0.62 <005 2286 9.51 198

4 36.56 2.93 061 <001 230.8 799 167 <0.05
7 3851 271 0.57 <005 240.4 9.54 199 <0.05
1 39.86 2.77 0.58 <005 246.6 8.59 179 <0.05
13 39.08 2.59 0.54 >0.05 244.6 813 170 <005
14 38.47 2.27 0.47 <0.05 2423 971 2.02 <0.05
17 39.80 2.50 0.52 <001 244.8 8.67 1.81 <005
22 39.24 2.48 0.52 >0.05 2437 8.32 173 <0.05
24 38.12 1.87 0.39 <005 239.0 9.69 2.02 <005
28 35.73 2.28 0.48 <005 2347 9.26 193 <005

Source: created by the author

The lowest values were observed on the 1 day of the
cycle - 35.58 +0.62 kg. By the 4™ day, the manifestation of
strength increases to 36.56 + 0.61 kg. Its significant growth
took place on the 7" day to 38.51 £0.57 kg and continued un-
til the 11" day - 39.86 +0.58 kg. During the period of ovula-
tion (13-14 days), the indicators decreased slightly, respec-
tively - 39.08 £ 0.54 kg and 38.47 +0.47 kg, but on the 17*
and 22" days of the cycle, an increase was recorded again in
the level of strength (39.80 + 0.52 kg and 39.24 £ 0.52 kg).

However, already on the 24" day, the indicator of hand mus-
cle strength decreased to 35.73 £ 0.48 kg. Therefore, the in-
dicators of the strength of young multi-athletes during the
OMC changed unevenly: they gradually increased in the
menstrual and at the beginning of the postovulatory phase;
sharply increased at the beginning of the postmenstru-
al phase and significantly decreased before menstruation.

The study of the dynamics of the speed and strength ca-
pabilities of track and field athletes during the OMC made

Theory and Practice of Physical Culture and Sports, 2024, Vol. 3, No. 2 | 2] ’



Dynamics of indicators of motor capabilities...

it possible to identify common features in the dynamics
of the dynamometry indicators and the results in the
“Long jump from a standing position” test. The lowest test
results are characteristic of the menstrual phase. In the
post-menstrual period, they reach their maximum. Some
decrease in indicators of speed-strength abilities was ob-
served in the ovulatory phase, which increased again in
the postovulatory phase (17" and 22" days). In the pre-
menstrual period, the results of the jump significantly
deteriorated to the level characteristic of the menstrual
phase. Analysing the dynamics of the results of the “Long
jump from a standing position” test, it should be noted
that it improved from the 1% day of menstruation and on
the 4™ day was 230.8 + 1.67 cm. Further improvement of
the indicator to 240.4 + 1.99 cm was registered on the 7*
and up to 246.6 £ 1.79 cm on the 11" day of the cycle. In
the ovulatory phase, the indicators decreased - on the 13"
day to 244.6 £ 1.70 cm, on the 14™ day to 242.3 +£2.02 cm.
By the 17" day, the results reached high values for the
second time in the cycle - 244.8 £ 1.81 c¢m, which are
kept until the 22" day. By the 24" day, they significantly

deteriorated to 239.0 +2.02 cm and even more on the 28"
day - 234.7 £ 1.93 cm.

To characterise the speed capabilities of track and field
athletes, the tests “Running 30 m from a walk” and “Run-
ning 60 m from a high start” were used. Since running at
this distance refers to short-term maximum power exer-
cises and its energy supply is determined by the amount
of creatine phosphate in the muscles, the obtained results
were used as indirect indicators of the analactate anaero-
bic power of sportswomen (Shakhlina, 2020). The results
of the study of the dynamics of the “Running 30 m from a
walk” test during the OMC indicate their gradual increase,
starting from the end of the menstrual phase (4™ day) to the
11" day of the cycle: 3.65+0.02 s and 3.38 £ 0.02 s, respec-
tively. Some reduction of the indicator took place in the
ovulatory phase (3.41+0.01 s). High results were demon-
strated for the second time during the cycle by athletes in
the postovulatory phase: 17* day - 3.23+0.01 s; 22" day -
3.35+0.01 s. By the 24" day, the indicators of 30 m run de-
creased (3.44+0.02 s), and in the premenstrual phase (28™
day) - significantly worsened (3.65+0.02 s) (Table 3).

Table 3. Changes in indicators of speed abilities of female track and field athletes during the OMC, N=23

Statistical indicators
OMC days Running 30 m from a walk Running 60 m from a high start
X S m p X S m p

3.73 010 0.02 8.39 0.08 0.02
4 3.65 0.08 0.02 <005 8.36 0.09 0.02 >0.05

3.54 0.07 0.01 <005 8.26 0.10 0.08 <005
1 3.38 0.08 0.02 <001 8.03 0.12 0.02 <001
13 3.40 0.07 0.02 >0.05 8.04 0.14 0.03 >0.05
14 3.41 0.07 0.01 >0.05 8.10 0.13 0.03 >0.05
17 3.23 0.06 0.01 <001 8.03 0.12 0.03 >0.05
22 3.35 0.07 0.01 <005 8.04 0.12 0.03 <005
24 3.44 0.07 0.02 <005 8.12 011 0.08 <005
28 3.65 0.08 0.02 <005 8.35 0.08 0.02 <005

Source: created by the author

Indicators changed almost in the same way during
the OMC in the “Running 60 m from a high start” test.
Thus, the lowest results were observed in the menstrual
phase (8.39 £ 0.02 s). During the postmenstrual phase,
they gradually increased: 4" day - 8.36 £0.02 s; 7* day -
8.26+0.08 s; 11" day — 8.03+0.02 s. Some decrease in in-
dicators occurred in the ovulatory phase (8.10+0.03 s).
A secondary improvement of the results in the 60 m run
was observed in the postovulatory phase (8.03+0.12 s),
which was replaced by a significant deterioration in the
premenstrual period of the cycle (8.35+0.02 s). It was
not established the complete identity between the chang-
es in the results in the 30 and 60 m run during the OMC,
which could be expected. This fact can be explained by
the fact that during the 30 m run, the decisive factor is
the manifestation of absolute speed abilities, and during

the 60 m run, the level of development of speed endur-
ance exerts an influence. If a single run of 60 m does not
yet require its manifestation, then a different situation
arises under the condition of 3 repetitions, which was the
case in the study.

The level of manifestation of high-speed endurance
depends, first of all, on the efficiency of glycolytic pro-
cesses. To improve this mechanism of energy generation,
high-intensity physical activity lasting 20-60 s is used
(Zemtsova, 2019). In this regard, it is necessary to analyse
the data received from the study of the dynamics of results
in running 150 and 300 m. The dynamics of the results of
the 150 m run during the OMC (Table 4) is almost identi-
cal to the change in the indicators in the 60 m run. From
the 1* and 4" days of the cycle, the results almost do not
change and improve to 21.20 £ 0.10 s only by the 7™ day.

Table 4. Changes in indicators of speed endurance of female track and field athletes during the OMC, N=23

Statistical values
OMC days 150 mrun 300 mrun
X S m p X S m p
\ 1 21.58 0.47 0.10 4710 0.80 017
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Table 4, Continued

Statistical values
OMC days 150 mrun 300 mrun
X S m X S m p

21.46 0.49 0.10 >0.05 46.96 097 0.20 <0.05
7 21.20 0.50 0.10 <0.05 46.01 0.84 017 <001
1 20.62 0.55 012 <001 45.44 0.75 0.16 <001
13 20.81 0.50 0.10 >0.05 45.75 0.79 0.16 <0.05
14 20.92 0.47 0.10 <0.05 4597 0.76 0.16 <0.05
17 20.74 0.50 011 <001 45.38 0.79 0.16 <0.05
22 20.61 0.55 012 <0.05 45.82 071 0.15 <0.05
24 20.80 0.64 013 <0.05 4598 0.74 0.15 >0.05
28 21.27 0.45 0.09 <0.05 4723 0.80 017 <001

Source: created by the author

Their significant increase to 20.62 + 0.12 s was ob-
served on the 11" day. Then, on the 13" day, the distance
running time deteriorated to 20.81 +0.10 s. Repeated im-
provement of the indicator to 20.74 + 0.12 s occurred on
the 17* day, and its stabilisation — on the 22 day of OMC.
On the 28" day of the cycle, there was a significant deterio-
ration of the results in the 150 m run. The dynamics of the
results in the “300 m run” test show that the worst of them
were observed in the menstrual and pre-menstrual phases:
1*day of OMC - 47.10+0.17 s; 28" day — 47.23+£0.17 s. The
best indicators were recorded in the postovulatory period —
45.38+0.16 s. But, already on the 22" day of the cycle, there
was a tendency to decrease the result of running 300 m -
45.82£0.15 s. The data of the conducted research indicate
the presence of phase changes of general physical work
capacity and other indicators of motor capabilities during
OMC. It was also established that the dynamics of each of
these indicators have their own characteristics, which are
characteristic of one or another phase of the cycle. These
features are associated with changes in the functional state
of organs and systems, on which the level of manifestation
of physical qualities of female athletes depends.

Data from special literature indicate that the dynamics
of physical work capacity (the basis of which is the aero-
bic capacity of the body) depends on the dynamics of the
number of erythrocytes caused by changes in the hormonal
state (McNulty et al., 2020; Kissov et al., 2022). G. Cristi-
na-Souza et al. (2019) indicated that during menstruation,
the number of erythrocytes decreases by 1 million on aver-
age, and on the 10" day of the cycle, this indicator returns
to normal. The same authors note that along with changes
in the number of erythrocytes, the dynamics of the haemo-
globin content in the blood are observed. Thus, the data
obtained on the increase in the level of the general physi-
cal work ability of sportswomen in the postmenstrual and
postovulatory phases confirm the results of the research of
other authors, such as S. Emmonds et al. (2019), G. Arte-
myeva et al. (2020) and O. Lysenko et al. (2021).

Other factors determined the dynamics of strength,
speed and speed-strength indicators that were discovered,
which, unlike physical work capacity, begin to increase after
the 1 day, and especially by the 7" day of OMC. Then, be-
fore the onset of menstruation, these indicators of physical
fitness deteriorate. A relatively high level of the investigated
indicators of strength, speed and speed-strength abilities in
the postmenstrual and postovulatory phases is ensured by

an increase in the content of corticosteroids in the blood
due to an increase in the oestrogen saturation of the female
body. In addition, the high level of manifestation of these
indicators of physical fitness in the specified phases of the
OMC is ensured due to the increase in the concentration of
androgens (male sex hormones), which increase the syn-
thesis of proteins in the muscles, as noted by O. Heyward et
al. (2020) and L. Shakhlina et al. (2021). The results of the
research confirm these theoretical propositions, as well as
the scientific investigations of E. Vrublevskiy & M. Kozhed-
ub (2018) and O. Shishkina & I. Beygul (2023).

As already noted above, the level of speed endurance
of female track and field athletes in different phases of the
OMC was determined using the “150 m run” and “300 m
run” tests. The duration of this high-intensity muscular ac-
tivity is 20-50 s, and its energy supply is due to the anaerobic
capabilities of the body. According to I. Zemtsova (2019)
and G. Klymenko & M. Filippov (2023), one of the most
important components of anaerobic energy production is
reserves of energy substances and the ability to compen-
sate for shifts in the internal environment of the body - the
buffer capacity of blood and tissues. Glycogen and glucose
serve as energy sources in the process of anaerobic energy
generation, and haemoglobin is the most powerful buffer
system. The author believes it is possible to use the above
facts to discuss the dynamics of speed endurance estab-
lished in female track and field athletes during the OMC.
A low level of high-speed endurance at the beginning of
menstruation can be explained by a decrease in the content
of glycogen and haemoglobin.

The gradual increase in the number of erythrocytes,
the content of glycogen and haemoglobin caused a corre-
sponding increase in the level of high-speed endurance in
the postmenstrual phase of OMC. It should be added that
the data obtained regarding the study of changes in speed
endurance indicators coincide with the results of D. Tsys et
al. (2023). Therefore, during the OMC, the level of mani-
festation of the motor capabilities of sportswomen changes
in accordance with the phases of the cycle, each of which
is characterised by one or another state of the menstrual
function and the body as a whole. Taking this provision
into account in the process of building a training process
will increase its effectiveness in terms of ensuring positive
dynamics of the motor capabilities of female multi-sport
athletes without increasing the volume and intensity of
physical activity.
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Conclusions

The level of manifestation of various motor capabilities in
sportswomen during the OMC is not constant and changes
in accordance with the phases of the cycle. The lowest level
of manifestation of physical work capacity, strength, speed,
speed-strength abilities and speed endurance in the cycle
is observed in the menstrual phase. Thus, the lowest value
characterising work capacity was observed on the 1* day
of the cycle - 3.37 + 0.5 m/s. The manifestation of strength
according to dynamometry indicators was also the lowest
on the 1* day of the OMC - 35.58 +0.62 kg. The same com-
mon features were found in the indicator of speed-strength
abilities, which were determined by the results of the “Long
jump from a standing position” test (the worst result on
the 1% day of menstruation was 228.6 + 9.5 cm). The dy-
namics of the results in the 30 and 60 m running indicators
also indicate the lowest values at the beginning of the cycle
(3.73+0.1 s and 8.39+0.08 s, respectively). Changes in the
results of the 150 m run are almost identical to the changes
in the 60 m run. The worst results are observed in the first
four days of the OMC (21.58+£0.47 s - 21.46+0.49 5).

The highest level of manifestation of motor capabili-
ties in the cycle is characteristic of the postmenstrual and
postovulatory phase, towards the end of which there is a
decrease in speed endurance. Physical performance indica-
tors reached their highest values on the 11" day of the cycle
(3.91+£0.38 m/s), then decreased slightly during the ovula-
tion phase (13-14 days) and increased again in the postovu-
latory phase of the OMC (3.95+0.38 m/s). A significant in-
crease in strength was recorded in the first week of the OMC

OMC level (246.6 +8.59 m/s). In the ovulatory phase, their
decrease was observed, and on the 17% day, a repeated in-
crease in the results was recorded (244.8 +8.67 m/s). Positive
dynamics of speed ability indicators were observed from
the 4™ to the 11" day of the cycle (30 m run - 3.65+0.02 s
and 3.38 £0.08 s, respectively; 60 m run - 8.36+0.1 s and
8.03+0.12 s). Some of their decrease occurred in the ovu-
latory phase with a further increase on the 17" day of the
OMC (30 m run - 3.23+0.06 s; 60 m run — 8.03+0.12 s).
The manifestation of speed endurance had identical chang-
es: their improvement occurred from the 4" to the 11" day
of the postmenstrual phase (150 m run - 21.20 £ 0.50 s;
300 m run - 45.44 £ 0.75 s). In the ovulatory phase, the
manifestation of speed endurance worsened, and a further
increase in results occurred on the 17™ day of the OMC.

A slight decrease in physical performance, strength and
speed abilities against the background of a deterioration in
the ability to display speed-strength capabilities and spe-
cial endurance was recorded in the ovulatory phase of the
OMC. A decrease in all indicators of motor capabilities in
track and field athletes is characteristic of the premenstrual
phase. The levels of manifestation of physical work capacity,
strength, speed and speed-strength qualities, as well as spe-
cial endurance during individual phases of the OMC, vary
heterochronically. Taking into account the results of the
study, in the author’s opinion, will allow for optimising the
construction of the training process of multi-athletes girls,
and such optimisation canbea direction for further research.
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AvHamika NoOKasHUKIB PYXOBMUX MOX/INBOCTEN FOHUX /IerKOAT/NEeTOK
V pi3Hi pa3u oBapianbHO-MEHCTPYaNbHOrro LMKy

Bbopuc lNMaHrenos

Kanaungat negaroriyHmx HayK, 40LeHT

YHiBepcuTeT Mpuropia Ckosopoau B MNepesacnasi

08401, Byn. CyxomnuHcbKoro, 30, m. Nepeacnas, YKpaiHa
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AHoTauif. PesynbraTi ysaraJbHeHHs [JOCBINY IIATOTOBKM IOHMX JIETKOAT/IETOK CBiAYUTPH MPO Te, IO BPaXyBaHHs
6107I0TiYHNX 0COOMMBOCTEl HXKIHOYOTO OpraHi3My B CIHOPTMBHII NMpakTHIli IIONATAE MEPEeBAXHO B 3aCTOCYBaHHI
MEHIIOT0 06CATY TPEHYBAJbHOTO HaBaHTaKeHHA. BogHOYAC He BPaXOBYIOTbCA IMK/IIYHI 3MiHM PiBHA MpPOSABIICHHS
¢ismuHMX AKocTell, AKi 06yMoByeHi ¢dasaMy oBapiaTbHO-MEHCTPYaJbHOTO LMKIY. TOMy MeTOI HOCTiIKeHHA 6YIo
BJMBYEHHS IMHAMIYHMX IOKa3HUKIB PyXOBYMX MOXIMBOCTE IOHVX JIETKOAT/IETOK-6araTo60poK IPOTATOM OBapiabHO-
MEHCTPYa/IbHOTO IUK/y. JIna peasnisanii BCTaHOB/IEHOI MeTH 6y}m BUKOPUCTAHI TaKi MeTOAY AOC/Ii/)KEHHA: aHaJi3,
CUCTeMaTHu3alliss Ta y3araJbHEHHS NAHMX JTEPATYPHUX IXKepel i3 MOCIPKyBaHOI HpoOIEeMATVKM; IMearorivyHi
(KOHCTATyBaJIbHUIT €KCIIePMMEHT, TeCTYBaHH:A); COLIONOriYHi (aHKeTYBAaHH:); METOAM MaTeMaTUYHOI CTaTMCTUKIL.
Y mocnipkeHHi B3sAMM y4yacTh 23 jerKoaTneTKy BikoM 17-18 pokis. PiBeHb pyXoBUX MOXXIMBOCTEN JOCTIKYBaHUX
BU3HA4YaBCA Y JHI, AKi BiAMIOBINAIOTD NeBHIl asi MeHCTpyanbHOTroO IMKITY. BusHavanacs auHaMika MOKa3HUKIB (isngHOl
p060T0311aTHOCTi, LMIBUAKICHUX, CUJIOBUX, IIBUIKICHO-CUIOBUX 3110HOCTEN, a TAKOX - IIBUIKICHOI BUTPUBaNocTi. bymo
3’ACOBaHO, 1[0 PiBeHb IPOABY 3a3HAYEHNX IIOKA3HNUKIB y CIIOPTCMEHOK IIPOTATOM OBapiaIbHO-MEHCTPYa/JIbHOTO LUKy
He € MOCTITHUM, 3MIHIOETbCS ¥ BIAMIOBIFHOCTI 3 (hasaMu LMKy 1 Mae reTepOXpOHHMIT XapakTep. HailHIbK4mit piBeHb
nposiBy isnaHOI pOOOTO3ZATHOCTI, CUIN, IIBUAKICHO-CUNIOBUX 3Hi6HOCTEN, MIBUAKOCTI i IIBUAKICHOI BUTPUBAIOCTI
criocTepiraBcsA y HepeMeHCTPYyaabHy Ta MEHCTPYyanbHy (asdy oBapialbHO-MEHCTPYalbHOTO LMKIY, 110 0OYMOBIIIOE
HeoOXi/JHiCTb 3MeHIIIeHHs 00CATY TPeHyBa/IbHOT'O HaBaHTa)XXKeHH: B OCTAHHbOMY (YeTBepTOMY) TVOKHI iykry. HariBuimmit
Y UMK piBeHb IPOABNIEHHA PyXOBUX MOX/IMBOCTEN JliBYaT-7IETKOATAETOK € XapaKTePHUM JJIA TOCTMEHCTPYa/lIbHOI Ta
HOCTOBY/LATOPHOI (asy, 10 LO3BOJIAE IVTAHYBATU MaKCHMalbHe BisydHe HaBaHTa)KeHHA Y Lieil Iepioft

KntouoBi cnoBa: 6iomoriuni 0co6aMBOCTI; >KiHOUMIT OpraHism; HmiB4aTa-6araTo0opkiy; QisndHa poOOTO3HATHICTD;
¢isnyHi 3ai6HOCTI
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Abstract. The process of physical education of high school students includes model training programmes that include
both traditional and innovative types of motor activity. In particular, the variable programme “Rugby-7” is presented, but
the content and direction of sectional classes differs from physical education lessons, which necessitated the purpose of the
work: to justify and develop the organisational and methodological principles of classes with the priority use of “Rugby-7”
in the process of extracurricular (sectional) work and to determine their impact on the morphofunctional state and physical
fitness of girls of high school (16-17) age. The anthropometric method was used to assess the physical development. The
harmony of the physique was determined using the index method. The functional state of the cardiorespiratory system was
determined by pulsometry, tonometry, spirometry. The aerobic capacity was studied using the Robinson index. Assessment
of physical fitness took place in the pedagogical testing process. The programme “Rugby-7” for sectional classes with girls
of high school age has been developed. Organisational and methodological features of sectional classes with priority use of
“Rugby-7” were highlighted in the developed programme, which include: purpose, tasks, principles and implementation
(complexity, continuity, variability), content, control standards. The effectiveness of the proposed programme was tested in
the process of a formative experiment. At the end of its implementation, a re-examination was carried out to determine the
indicators of girls morphofunctional state and physical fitness. A comparative analysis of physical development indicators
and functional state of girls before and after the experiment showed their positive dynamics. A comparison of the results
of physical fitness allowed to claim a general improvement in indicators. The greatest rates of growth were recorded in the
manifestation of speed and strength, coordination abilities, and speed. The obtained data proved the effectiveness of the
developed programme of extracurricular activities and can be applied by physical education teachers in extracurricular work

Keywords: 16-17-year-old schoolgirls; programme of extracurricular activities; sport games; motor qualities;
morphofunctional state
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Taking into account the challenges of the last three years  of Ukraine), the issue of maintaining and improving the
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young people is an urgent one. In the system of physical
education, a special place belongs to mobile and sports
games. Among the modern sports that appeared in the last
decade (the so-called “non-Olympic sports”), women’s rug-
by stands out, which has been intensively developing re-
cently: not only “big” rugby, but also its 7x7 variants, beach
rugby, etc. Taking into account the fact that there has been
a tendency for women to engage in strictly “masculine” and
extreme sports, the active introduction of the game of rug-
by into the practice of physical education of girls of high
school age allows to count on mass interest in this game.

Data from the World Health Organization (2021) in-
dicates that insufficient level of physical activity is one of
the main factors that limits the quality and length of hu-
man life. The confirmation of the presence of significant
problems and the objective need for significant changes in
the system of school physical education is the low level of
physical fitness and the deterioration of the health of a large
part of the students. According to Ya. Sorokata (2021), ef-
fective implementation of physical education programmes
for secondary school students requires the implementation
of appropriate scientific and methodological developments
in practice. N. Belikova & I. Shnyt (2019), O. Rymar et
al. (2020) and O. Nesen (2023) emphasised that one of the
problems of the school physical education system is the im-
perfection of physical education. Work on physical educa-
tion at school is characterised by a wide variety of forms,
both in-class and extra-curricular.

As O. Rymar et al. (2020) emphasised, extracurric-
ular forms of physical education and sports are aimed at
improving motor skills and abilities, increasing the level
of physical fitness, as well as sports achievements of stu-
dents. It is noted in the O. Nesen (2023) researching, that
within the framework of the New Ukrainian School re-
form, approaches to the teaching of physical culture dis-
ciplines in general secondary education institutions were
changed (introduction of competence-oriented physical
education, formative assessment, new types of motor ac-
tivity, etc). The data of N. Belikova & I. Shnyt (2019) and
A. Petrova (2021) testified creation of programmes which
include both traditional and modern types of physical ac-
tivity (crossfit, squash, korfball, pétanque, etc.) for students
of basic and specialised schools. The authors of these pro-
grammes, A. Boliak ef al. (2022) and O. Pedan et al. (2022)
highlighted that, for the most part, these programmes are
intended to be introduced into the content part of physical
education lessons.

According to T. Krutsevich et al. (2023), physical edu-
cation lessons compensate for only 15-20% of the amount
of motor activity necessary for the child’s body. Approxi-
mately 50% of students have no sustained interest in phys-
ical education lessons. In this regard, there is a need to
improve the educational process by including new types
of motor activity. The effective use of rugby tools in the
process of sports and mass work at school is hindered by
the lack of a well-founded and developed content for or-
ganising and conducting extracurricular sectional classes.
Therefore, the purpose of the study was to substantiate and
develop the organisational and methodological principles
of classes with the priority use of “Rugby-7” in the process
of extracurricular (sectional) work and to determine their
impact on the physical fitness of girls aged 16-17.

Materials and Methods

The following research methods were used to achieve the
research goal: theoretical analysis and generalisation of data
from scientific and methodological literature, pedagogical
methods (experiments, testing), medical and biological
methods (anthropometry, pulsometry, tonometry, spirom-
etry, index method) and methods of mathematical statis-
tics. The analysis of scientific and methodological literature
made it possible to develop the programme “Rugby-7” for
sectional classes with girls of high school age. The anthropo-
metric method was used to assess the physical development
of the studied contingent, and the harmony of the physique
was determined using the index method (deviation of the
actual body weight from the appropriate one), namely the
Quetelet index was used. The functional state of the car-
diorespiratory system of girls aged 16-17 was determined
by medical and biological methods (pulsometry, tonome-
try, spirometry). The Robinson index was used to study the
body’s aerobic capacity, which determines the functioning
state of the cardiovascular system. To determine the level of
endurance 12 minutes Cooper test was applied. Assessment
of physical fitness took place in the process of pedagogi-
cal testing in the conditions of pedagogical experiments
(declarative, formative). The interpretation of the actual
research material was carried out by statistical methods on
a personal computer using the STATISTICA 6.0 package
of applied statistics of automated data processing systems,
as well as the EXCEL spreadsheet editor for MAC-2015.

19 girls (N =19), aged 16-17, who attended sectional
“Rugby-7” classes at the Pereiaslav secondary school of
grades I-III No. 3 participated in the study. Testing of the
subjects took place with the written consent of the parents.
The research was conducted in accordance with the rules
of the Declaration of Helsinki (2013), and all research par-
ticipants were informed of the purpose of this interaction
and how the data obtained would be used. The pedagog-
ical experiment lasted for one academic year (September
2022-May 2023) in the working conditions of the “Rug-
by-7” school section of Pereiaslav Secondary School No. 3
(Kyiv Region, Ukraine). The research, which was aimed
at solving the established tasks, was conditionally divid-
ed into three stages. The first stage was conducting an as-
certaining experiment, determining the initial level of the
morpho-functional state and physical fitness of the studied
contingent (September-October, 2022). The second stage
has been a development of the “Rugby-7” programme sec-
tional classes, conducting a formative experiment, control
testing (October 2022-April 2023). The third stage was a
mathematical processing of the obtained results, their in-
terpretation, formulation of conclusions (April-May, 2023).

Results and Discussion

Content, organisation and methodical basis

of the “Rugby-7” extracurricular classes programme
There has been an increase in the interest of women in
purely “male” sports, which caused the active introduc-
tion of the game of rugby into the system of extracurric-
ular work with girls of high school age. That is due the
fact that rugby can be used as a physical training tool,
as from-the technics of the “Rugby-7” is not difficult. No
special ammunition, inventory, etc. is required. It can be
done without a goal and played with any ball. The game of
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rugby is gaining more and more popularity in the world as
a means not only of sports, but also of recreational activity
(Mandiuk, 2021). In some countries, rugby is part of the
physical education programmes for students. N. Kholi-
dari (2017), revealing the content of physical education
in elite schools in Great Britain, noted that such sports
as athletics, rowing, football, golf, cricket and rugby are
very widely used, and the predominant method of organ-
ising classes is sports and games. Game sports, particu-
larly rugby, are especially popular. Perhaps this is due to
the fact that it was in the college of the English town of
Rugby that this game was started more than 100 years ago.
According to many scientists, playing rugby is an effective
means of physical education, which has a complex effect
on the personality of students.

According to Z. Kozina & Y. Zaichenko (2022), in the
process of game activity there is a need to implement a large
number of technical methods and tactical elements. All this
happens in conditions of rapid change of game situations
against the background of great emotionality. In addition,
it is necessary to perceive and analyse information quickly,
make the right decisions, that is, to show cognitive abilities.
The authors emphasised that sports games are one of the
main content components of the school physical education
programme. The “Rugby-7” lesson is introduced into the
practice of physical education lessons in grades 10-11 as
a variable module (Boliak et al., 2022). However, the pre-
sented module “Rugby, Rugby-7” in the physical education
programme for a specialised school does not fully corre-
spond to the specifics of sectional classes, which prompted
authors to develop the organisational and methodological
principles of “Rugby-7” classes with girls 16-17 years old
outside of school.

The purpose of the “Rugby-7” programme is the for-
mation of a versatile, harmoniously developed personality,
ready for active creative self-realisation in the space of uni-
versal culture. The use of rugby equipment is appropriate
for strengthening and preserving one’s own health, fos-
tering responsibility and professional self-determination
in accordance with individual abilities in the organisation
of a healthy lifestyle. The goal of the programme achieved
through solving the following tasks:

1. Formation of a healthy lifestyle by means of rugby.

2. Development of basic physical qualities, formation
of vital motor abilities and skills.

3. Strengthening and preservation of health, improve-
ment of physique and education of a harmoniously devel-
oped personality, aimed at long-term preservation of a high
level of general working capacity.

4. Education of positive personality qualities, collective
interaction and cooperation in educational and competi-
tive activities.

Principles of programme implementation. The prin-
ciple of complexity implied a close relationship between
all aspects of the educational process (physical, techni-
cal-tactical, integral, psychological and theoretical train-
ing, educational work, pedagogical control). The principle
of continuity determined the sequence of presentation of
the programme material by stages of training to ensure
the continuity of tasks, means and methods of training,
volumes of training and competitive loads, growth of in-
dicators of physical and technical-tactical readiness in the

multi-year educational process. The principle of variabili-
ty provided for the variability of programme material for
practical classes, which is characterised by a variety of ed-
ucational and training tools and workloads aimed at solv-
ing pedagogical tasks, depending on the stage of multi-year
training and individual characteristics of students. Rugby
tools allowed to successfully solve the entire set of tasks
listed above, created prerequisites for the formation of sur-
vival skills in extreme situations, which emphasises their
applied value (especially in the conditions of martial law in
Ukraine). Thematic planning of the “Rugby-7” programme
for girls aged 16-17 is described below.

Rugby based physical education knowledge. Theoret-
ical training. Individual plan of educational and training
classes. Studying the experience of teams of the game in
rugby. The theory of rugby. Game strategy. Main content
lines. Drawing up an individual lesson plan taking into ac-
count the characteristics of those who work. Referee ges-
tures, rules of the game. Orientate yourself on the court,
perform the functions of players from standard positions
and in open play in defence. Build game tactics depending
on game conditions. Adhere to the optimal alternation of
workload and rest. Analyse indicators of physical condition.
Regulate physical load during physical exercises. Tell about
the rules of the game in “Rugby-7”. Name and distinguish
gestures of judges. Tell and understand the location of play-
ers from standard positions and in open play in defence.

Ways of motor activity. Perform individual technical
actions: improvement of skills and abilities in possession of
the ball and other technical techniques of rugby. Perform
group tactical interactions: improve previously learned
options for group interaction, depending on the condi-
tions on the sports field. Perform team tactical actions in
defence and in attack: improve the execution of previously
learned team interactions, both in open play and depend-
ing on standard provisions. Main content lines. Improving
the skills and abilities of performing individual technical
actions with the ball, coordinated combinations of hand
movements with the execution of basic steps (elements).
Improvement of abilities and skills of performing group
tactical interactions in attack and defence. Improvement of
abilities and skills of performing team tactical actions in at-
tack and defence. Describe the individual technique of per-
forming various kicks on the ball, catching and passing the
ball, movement without the ball. Master the technique of
the studied exercises. Identify mistakes while performing
an exercise, be able to analyse and correct them. Perform
coordinated combinations of hand movements with the
execution of basic steps (elements). Master the technique
of studied tactical actions. Demonstrate the technique of
performing learned tactical actions in defence and attack.

Physical improvement. Sports and health activities
with general development orientation: “Rugby-7” game.
Security requirements. Have the skills to play “Rugby-7"
Exercises of general development and special focus: safe-
ty requirements. Athletics exercises. Sports games using a
rugby ball (handball, basketball, soccer). Main content lines.
Compliance with safety rules during “Rugby-7” classes. To
perform exercises for the development of physical qualities,
to navigate in space, to perform technical and tactical in-
teractions in game activities. Compliance with safety rules
during athletics classes. Performing athletics exercises:
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walking with a change in speed and stride length; different
types of walking — on toes, rolling from heel to toe, springy
step, with jumps, alternating walking and running; running
with a change in speed and direction of movement, also
precisely at the teacher’s signal; back forward, step by step,
“shuttle” run 3x10 m; running at 60 m, 100 m, at medium
distances of 400-800 m in the mode of repeated - interval
method; a steady 6-minute run. Compliance with safety
rules during sports games. Application of sports games for
the development of speed, coordination, strength, orienta-
tion in space: stance and movement; moving to the right,
to the left side in incremental steps, with the back forward;
with a change of direction at the teacher’s signal; with
jumps and turns at the teacher’s signal; passing the ball in
pairs (from the side, from below) while standing still and
in motion; transfers in columns with movements; two-way
games using a rugby ball.

Observe safety rules during “Rugby-7” classes. Perform
technical exercises from the sports game of “Rugby-7”. In-
teract in pairs, threes, groups when performing exercises
and game actions. Take an active part in games. Model the
technique of game actions and techniques, depending on
the game situation and the conditions that arise in the pro-
cess of game activity. Follow the rules of the game. Com-
municate and interact with peers during the game. Show
benevolence, mutual understanding, to treat one’s emo-
tions objectively. Use rugby game actions to develop phys-
ical qualities and as a means of active recreation. Perform
exercises to develop endurance, coordination, strength
and speed. Identify possible lags in indicators of physical
development and physical fitness. Follow the standards of
physical training. Follow the rules of breathing when per-
forming exercises. Control the load according to the heart
rate. Organise and conduct independent classes, compile
their content and plan in the system of physical education
classes. Actively participate in games and referee. Model
the technique of game actions and techniques, depending
on the game situation and the conditions that arise in the
process of game activity. Follow the rules of fair play. Com-
municate and interact with peers during the game. Respect
your opponent, control your emotions. Use game actions of
sports games for the development of physical qualities, and
as a means of active recreation.

Control exercises on rugby technique for students (16-
17 years old). Passing the ball on the spot — 7-8 times. Pass-
ing the ball in motion - 7-8 times. Catching the ball after
kicking - 7-8 times. Kick the ball with your hands for accu-
racy — 6-7 times. “Slalom” - 18-21 times. Means of dexterity
development: performing movements of different intensity,
changing the direction of movement by 90° according to
a sound or visual signal (repeatedly); receiving and pass-
ing the ball in different ways. Moving along the sports field
with low, moderate, high intensity, in groups of three “fan’,
in “extreme”. Pass from the right “extreme” to the “central’,
receiving the “central” and passing the ball to the left “ex-
treme” and back; moving along the field, in groups of three
“fan’, the distance between athletes is from 2 to 7 m; passing

the ball and “running” for a partner, receiving the ball; in
pairs, passing the ball in different ways, from different po-
sitions, changing places. The first student performs a pass
on the spot and moves to the place of the receiver, the sec-
ond student performs the reception of the ball and moves
to the place of another, etc. Pupils perform ten receptions
and passes of the ball. The exercise is performed in series;
multiple execution of a technical element; execution of sev-
eral technical elements in a row; mobile games: “Third ex-
tra’, “Sparrows and crows’, “Running with proceeds’, “Two
camps’, “Shoot the ball’, “Running in teams’, “Squads”
along the lines with and without the ball” and others; sports
games using a rugby ball (handball, basketball, soccer).

Means of endurance development: fartlek. Alternating
running segments with maximum, high, moderate and low
intensity; receivingand passing the ball in groups, repeatedly
in motion. Different formations are used: in rows, opposite
columns, shaped formations (triangle, square, star, circle);
6-minute run; execution of several team technical-tactical
actions with increased intensity in a row; educational and
training games with a longer duration; moving games: “Race
with elimination”, “Onslaught”, “Be able to catch up’; sports
games using a rugby ball (handball, basketball, football).

Means of strength development. performance of
strength exercises by the circular training method; execu-
tion of passes of the stuffed ball in different ways; perfor-
mance of strength exercises with a partner, in pairs; mobile
games: “Rugby on your knees”, “One by one”, “Gladiators”
and others; sports games using a weighted ball for rugby
(handball, basketball). Means of speed development: run-
ning 10-30 m; running at maximum intensity with running
around landmarks; low-intensity running, with a further
start of 10 m (left, right) at the signal; repeated running
of distances from 10 to 60 m with feints; educational and
training games with a reduced composition and reduced
time; mobile games: “Falling stick”, “Onslaught”, “Run with
proceeds”, “Call the number” and others; sports games us-
ing a rugby ball (handball, basketball, football).

The influence of the “Rugby-7” programme

on the physical condition of girls aged 16-17 years

The effectiveness of the proposed “Rugby-7” programme
was tested in the process of conducting a formative ex-
periment. At the end of its implementation, a repeat ex-
amination was conducted to determine the morphofunc-
tional state and indicators of physical fitness. The physical
development assessment was based on the parameters of
length, body weight, the proportions of the development
of individual parts of the body, as well as the degree of de-
velopment of the functional capacities of the body, first of
all cardiovascular and respiratory systems. As G. Giorgi et
al. (2020) and T. Liu (2022) noted, these systems depend
on the differentiation and maturity of the cellular elements
of organs and tissues, functional capabilities of the nervous
system and endocrine apparatus. Historically, physical de-
velopment has been assessed mainly by external morpho-
logical characteristics (Table 1).

Table 1. Average statistical values of indicators of physical development of girls aged 16-17

Quantity Body length, cm

Body weight, kg Quetelet index, g/cm

N=19 169.39+1.88

59.79+2.11 310+1.51

Source: created by the authors
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Analysing parameters of physical development, it was
found that 58% of girls had an average level of physical
development, their body weight was normal; 37% of girls
had an index below the average level of physical devel-
opment, they had a body weight deficit; the remaining
5% had a higher-than-average level of physical develop-
ment, their proper body weight exceeded the actual one.
Obtained data confirms the results of investigation by
M.C. Pascoe et al. (2020) and Y. Geng et al. (2023). This
proves about availability of common tendencies in phys-
ical development of girls 16-17 years old in European re-
gion. The data received are somewhat inconsistent with
the results obtained by Y. Geng et al. (2023). According

to their data, the arithmetic mean of body length is
164.51 £1.75 cm, body weight is 55.63 +2.35 kg, the Que-
telet index is 317 +2.15 g/cm.

One of the components of physical development is the
functional capabilities of the body, which are determined
by the activity of the cardiovascular and respiratory sys-
tems. Heart rate, systolic and diastolic arterial blood pres-
sure and vital lung capacity were measured to evaluate the
activity of the cardiorespiratory system. The rate of heart
rate in an untrained person is in the range of 70-85 beats
per minute (bpm). Analysing the obtained results of the
rate of heart rate, it was evident that this rate was within the
normal range for most girls (Table 2).

Table 2. Average statistical values of functional indicators of the cardiovascular system of the studied girls

ag " Heart rate at rest, bpm™* Systolic blood pressure, mm Hg Diastolic blood pressure, mm Hg
e = = =

X S X S X S
‘ 16-17 19 78.28 2.58 11311 166 73.06 1.66

Note: X — arithmetic mean; S — mean square deviation
Source: created by the authors

There were some statistical differences with the data
obtained by T. Krutsevich et al. (2019) and C.A. Webster et
al. (2021). Data obtained by T. Krutsevich et al. (2019)
show that resting heart rate in high school age girls is
83.22+3.21 bpm, systolicblood pressureis 118.21 +3.71 mm
Hg, diastolic arterial pressure — 76.51 + 2.83 mm Hg. The
author noted that the functional state of the cardiovascu-
lar system of teenagers and young people is not only the
main indicator of health, it is of exceptional importance in
the body’s adaptation to physical exertion and is one of the
main indicators of the body’s functional capabilities. At the
same level of exercise, the heart rate of women is higher
than that of men. The scientist emphasised that this is due
to a lower concentration of haemoglobin in the blood of
women who have reached sexual maturity. The degree of
relative tachycardia of women ranges from 10 to 20 bpm.
C.A. Webster et al. (2021) conducted research on the func-

tional state of schoolchildren who, due to quarantine re-
strictions during the COVID-19 pandemic, were on dis-
tance learning (physical education lessons were conducted
online). The obtained results indicate deterioration of indi-
cators of the functional state of the cardiovascular system
of girls aged 15-17. An 8-12% increase in heart rate during
absolute and relative rest was observed. As for the blood
pressure indicators, they had minor fluctuations from the
norm. The analysis of the obtained data showed that blood
pressure is within the physiological norm, which should
be 110-120/60-85 mm Hg. The vital capacity of the lungs
of the observed girls was in the range of 2,500-2,700 mm,
which corresponded to the average values of this age group
of girls (Table 3). Obtained data as for functional condi-
tion of cardiorespiratory system of pupils of high school
age confirm the results of research by W. Thompson (2018)
and M. Grasdalsmoen et al. (2020).

Table 3. Average statistical values of the functional indicators of the respiratory system of the subjects

A N The vital capacity of the lungs, ml Robinson's index, conventional units
e = =

X S X S
16-17 19 2,492.22 144.41 88.48 361

Source: created by the authors

Using the Robinson index, as a characteristic of a
person’s aerobic capabilities, it was determined that 16%
of schoolgirls had a high level, 31% had an average level,

16%

and 53% of girls had an above-average level. No devia-
tions in the regulation of the cardiovascular system were
detected (Fig. 1).

high
middle

m middle average

Figure 1. Indicators of the Robinson index level of girls aged 16-17

Source: created by the authors
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A comparative analysis of the values of the results of
the manifestation of individual motor abilities according
to the results of the pedagogical testing of schoolgirls (Ta-
ble 4) allows to state that in schoolgirls who are engaged
in “Rugby-7” in extracurricular time, there is a posi-
tive dynamic of the results in the manifestation of motor

abilities in the age aspect (compared to the beginning of the
course occupations). The assessment of general endurance
according to Cooper test showed that none of the girls has
alow level of physical fitness. However, 31.25% of girls have
a lower-than-average level, average — 50%, higher-than-av-
erage — 12.5% and high - 6.25% of the subjects.

Table 4. Average statistical indicators of pedagogical tests at the beginning
and at the end of the observation course for girls aged 16-17

Results

Test At the beginning Attheend
Running 30 m, s 6.59+0.33 6.32+0.20
Running 1,500 m, min 965+1.83 9.53+1.64
Long jump from a standing position, cm 187.22 +10.07 198.00+10.90
“Shuttle” run3x10 m, s 10.38+0.26 10.07+0.23
Flexion and extension of the arms in a supine position, repetitions 10.70+3.40 13.00+2.29
Cooper test,m 1,900+250 2,100+303
Leaning forward from a sitting position on the floor, cm 1513+2.01 17.34+2.45

Source: created by the authors

Authors of the study considered it expedient to com-
pare the data obtained regarding the physical fitness of
16-17-year-old girls with the results of other authors’ re-
search. M. Perehinets (2018), researching the physical con-
dition of girls of high school age in various types of educa-
tional institutions, noted that the lack of physical activity
affects physical fitness indicators. Only 36.7% of girls have
a high level of competence, and 30.4% have an average level
of competence. The results of indicators of development of
speed, coordination and speed-power abilities were low-
er in comparison with authors’ data. The exception is the
“running 1,500 m” test, which was significantly higher (8
min 6 s+0.51) than in the group of girls studied by the
authors of the study (9 min 53 s +1.64).

The obtained data confirm the results of research by
T. Krutsevich et al. (2023), which noted that the analysis of
indicators of physical fitness of high school students does
not meet the requirements of modern society. According to
the Ministry of Education and Science of Ukraine, 65.01%
of students in the 2018-2019 academic year had an insuf-
ficient level of physical fitness, namely: 15.2% had a high
level, 19.7% - sufficient, 12.3% - average and 52.8% - low.
The authors noted that the modular programme for grades
10-11 contains 37 modules that can be used both in aca-
demic and extracurricular (sectional) classes. This is an
innovative approach that will contribute to increasing the

motivation of high school students to engage in physical
culture and sports, which, in turn, will optimise their level
of physical fitness. N. Moskalenko et al. (2020), analysing
the methods of implementation of each key competence in
the process of physical education of schoolchildren within
the framework of the New Ukrainian School reform, also
noted that the level of physical fitness of modern students
does not correspond to the appropriate indicators. The au-
thors believe that an integrative approach to the formation
of key competencies in the process of physical education
will allow to comprehensively solve the problem of increas-
ing the level of development of physical abilities of students.

The received data to some extent confirm the results of
the study by V. Vakhniak (2022) regarding the inadequate
level of physical fitness of girls of high school age. The re-
searcher noted that the cancellation of the assessment for
the dynamics of the development of physical qualities and
indicative educational standards had a negative impact on
motor activity, physical fitness and, as a result, significantly
reduced the level of physical health of students. The au-
thors emphasise that the model curriculum “Physical cul-
ture 10-11 grades” has a significant number of modules,
but the programmes for most of them need significant
revision. The distribution of the obtained results of phys-
ical fitness according to the rating tables in percentages is
given in Table 5.

Table 5. Distribution of the obtained indicators of physical fitness
of girls aged 16-17 at the beginning of the experiment according to evaluation tables, %

Test Level High Sufficient Average Low
Running 30 m 46.68% 16.66% 36.66% -
Running 1,500 m 45.01% 20.00% 34.99% -
Standing long jump 16.65% 58.35% 15.61% 9.39%
“Shuttle” run 3x10m 8.33% 16.65% 58.35% 16.67%
Leaning foruard from a 9.41% 18.32% 38.34% 33.93%
sitting position

Source: created by the authors
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At the end of the study, pedagogical testing was con-
ducted again in order to compare with the results obtained
at the beginning of the study and to determine whether
there was an improvement in the level of physical fitness of
high school girls. The average statistical values of the results
of pedagogical testing of schoolgirls who played “Rugby-7”
have improved and have reliable differences in such motor
tests as “running 30 m”, “shuttle run 3x10 m” and “long jump

from a standing position” (p <0.05). In particular, a signifi-
cant improvement of the results by 8.7% was recorded in the
indicators of speed abilities (running 30 m). Indicators of
such a component of coordination abilities as the ability to
estimate space-time parameters of movement also had pos-
itive dynamics, the rate of growth was 7.6%. Indicators of
speed-power abilities improved by 5.8%. Table 6 shows the
results of pedagogical testing at the end of the experiment.

Table 6. Distribution of the obtained indicators of physical fitness of girls aged 16-17 years after the experiment, %

L / High Sufficient Average Low
Level
Running 30 m 76.66% 16.66% 6.68% -
Running 1,500 m 75.01% 16.66% 8.33% -
Standing long jump 39.98% 4769% 12.33% -
“Shuttle” run 3x10 m 26.61% 58.31% 10.31% 477%
Leaning forward from 2 16.51% 66.68% 9.36% 745%
sitting position

Source: created by the authors

It can be stated that there have been positive changes in
the distribution of the obtained indicators according to the
levels of physical fitness of the studied contingent. At the
beginning of the experiment, according to the evaluation
tables, a high level of manifestation of speed abilities was
recorded in 46.68% of the subjects, sufficient - 16.66%, av-
erage — 36.64%. At the end of the experiment, a high level
of speed development was already recorded in 76.66%, suf-
ficient in 16.64%, and average only in 6.68% of the contin-
gent. Similar trends were recorded in dynamic endurance
indicators: at the beginning of the experiment, a high level
was observed in 45.01% of girls, a sufficient level in 20.00%,
and an average level in 34.99%. At the end of the experi-
ment, 75.01% of female students achieved a high level, a
sufficient level was observed in 16.66%, and an average lev-
el of endurance was recorded in 8.33% of girls.

A high level of development of speed and strength abil-
ities at the beginning of the experiment was recorded in
16.65% of girls, a sufficient level in 58.35%, an average level
in 15.61% and a low level in 9.39% of the researched ones.
After the end of the experiment, there was an improvement
in the level of manifestation of this ability (high level 39.98%,
sufficient 47.69%, average 12.33, low level was not detected.
The distribution of indicators by the level of development
of coordination abilities at the beginning of the experiment
was as follows: high level - 8.33%, sufficient — 16.65%, av-
erage — 58.35%, low — 16.67%. After the end of the exper-
iment, positive dynamics in the development of dexterity
were also observed (high level 26.61%, sufficient 58.31%,
average 10.31%, low 4.77%). There were also positive chang-
es in the indicators of the development of spinal flexibility
(leaning forward from a sitting position). At the beginning
of the experiment, the following data were obtained: high
level of development — 9.41%, sufficient — 18.32%, average —
38.34%, low - 33.93%. After the end of the experiment, the
level of flexibility improved significantly (a high level of
manifestation was recorded in 16.51% of girls, sufficient in
66.68%, average in 9.36%, low in 7.45%). Therefore, a com-
parison of the results of the motor tests of high school girls

playing “Rugby-7” at the beginning and at the end of the ex-
periment allows to claim a general improvement in the in-
dicators, but the greatest growth rates were recorded in the
manifestation of dexterity, speed and speed-power abilities.

Conclusions

The analysis of special literature devoted to the problem
of the effectiveness of using “Rugby-7” classes with girls
of high school age shows that these classes are a new and
effective type of physical exercise, which is gaining more
and more popularity both abroad and in Ukraine. Howev-
er, despite this, in the special literature there are only epi-
sodic data on the organisation and methods of conducting
health-oriented classes using rugby equipment, which ne-
cessitated the development of the “Rugby-7” programme
for sectional classes, which included: the goal, tasks, prin-
ciples of programme implementation, its thematic plan-
ning, expected results, control standards. The developed
programme was implemented into extracurricular work of
physical education with girls 16-17 years old.

During the research of the parameters of the physical
condition of girls aged 16-17 under the influence of the
“Rugby-7” course, the positive dynamics of some indica-
tors were found. Thus, the indicators of the harmony of the
physique indicate that 12.5% of the girls had normalised
their body weight, which significantly reduced the num-
ber of subjects who were overweight. The condition of the
body’s functional systems also improved, especially the car-
diovascular system (heart rate at rest). If at the beginning of
the experiment the average arithmetic value of this indica-
tor was 78.3 bpm™', then after the experiment this indicator
decreased to 76.7 bpm. Repeated assessment of dynamic
endurance according to Cooper test showed that 31.3% of
the studied girls showed an improvement in indicators.

Conducting extracurricular “Rugby-7” classes contrib-
uted to a statistically significant increase in indicators of the
morphofunctional state and physical fitness of high school-
aged girls. A low level of physical fitness was not record-
ed, 7.6% of girls had a lower-than-average level, an average
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AHoTaujia. Y mponec ¢isnyHOro BUXOBaHHA CTApLIOKIACHNKIB BIPOBA/PKeHHI MOJe/IbHI HaBYa/JIbHI Iporpamm, fAKi
BKJIIOYAIOTh AK TPAJMLiiiHi, TaK i1 iHHOBaLiIHi BUAM PyXOBOI aKTMBHOCTI. 30KpeMa IpeficTaBeHa BapiaTXBHa IporpaMa
«Per6i-7», ayme 3MiCT i CIIPSIMOBAHICTD CEKUINHNX 3aHATH BiPi3HAETHCS Bif YPOKiB (isMYHOI KYIBTYPH, 110 06YMOBIUIIO
MeTy pobOTI: OOIPYHTYBATH i1 pO3pOONUTH OpraHi3alliliHO-MEeTORMYHI 3aCay 3aHATD i3 IPIOPUTETHUM BUKOPUCTAHHAM
«Per6i-7» y mpoleci mo3akaacHoi (cekiiitHol) po60TH Ta BUSHAYMUTH IX BIUIUB Ha MOP(HOPYHKIIOHAIBHUIL CTaH i pisuuHy
IIiJTOTOB/IEHICTh JiiBYaT CTapIIOrO IIKiNbHOro BiKy (16-17 pokiB). [yd omiHKM (i3sMYHOrO pO3BUTKY BUKOPMUCTAHO
MeTox, aHTporoMeTpil. [apMoHilHICTh TinOOY[OBM BM3HAYamacs 3a JOIOMOIOK0 MeTOfly iHmeKciB. DyHKIiOHA/NIbHWIL
CTaH KappAiopecripaTOpPHOI CHCTeMH BU3HAYABCS IYIbCOMETPIEI0, TOHOMETpIi€lo, cripoMeTpieio. Aepo6Hi MOX/INBOCTI
mocmimKeHi 3a gorromoroxw iHgekcy Pobircona. Ouinka ¢isnyHoI MiAroToBIEHOCTI Biff6yBanach y mpoleci IefaroriqsHoro
TecTyBaHHsA. PospobmeHo mporpamy «Per6i-7» s CeKUiliHMX 3aHATH i3 [iBUaramMy CTapLIOrO IIKiITBHOTO BIKY.
OpranisaniifHo-MeTOAVYHI 0COOIMBOCTI CeKIINTHIX 3aHATD i3 IPIOPUTETHUM BUKOpUCTaHHAM «Per6i-7» Oynu BUCBiT/IeH]
B po3poOieHill mporpaMi, fika BK/IIOYae: MeTY, 3aBJaHHA, IpMHUMON I pearisauii (KOMIUIEKCHOCTI, HacTYHIHOCTI,
BapiaTMBHOCTI), 3MiCT, KOHTpO/IbHI HOpMaTyuBM. E(eKTVMBHICTD 3aIIpOIIOHOBAHOI IporpaMiy IepeBipeHa B Ipoleci
(bOpMyBaIbHOTO eKCIepUMeHTY. Y KiHII 110ro IpoBefeHHs OY/I0 3/iiiCHEHO TTOBTOPHE 0OCTEXXEHHs J/Isi BUSHAUYEHHS
HoKasHUKiB MopdodyHKIioHanbHOTrO cTany i ¢isnvHoi mifroroBneHoCTi AiBYaT. [IOpiBHANBHMII aHAMI3 MOKAa3HUKIB
¢isnuHOro po3BUTKY 71 GYHKIIIOHATBHOTO CTaHY AiBYAT 4O Ta MIC/Is €KCIIEPYIMEHTY CBIIYMTD IIPO IX TO3UTUBHY AMHAMIKY.
[TopiBHAHHA pe3ynbTaTiB (GisMYHOI HIATOTOBIEHOCTI JO3BOIIMIIO CTBEPIKYBATH IIPO 3arajbHe MOKpalljeHH: IOKa3HIKIB.
Hayt6inpmri Temmm npupocty 3adikcoBaHO B IIPOABI IIBUIKICHO-CVMIOBUX, KOOPAVHALIHUX 30i0HOCTelT Ta MIBUAKOCTI.
Orpumani fani 3acBigummm epeKTUBHICTh PO3POOIEHOI IPOrpaMy MO3ayPOYHUX 3AHATh I MOXKYTb OyTH 3aCTOCOBaHi
BUNTE/SIMU (PiSMYHOL KY/IBTYPH B [103aypOUHilt poboTi

KntouoBi cnoBa: yuenmii 16-17 pokiB; mporpamMa I03aypOYHMX 3aHSITb; CIOPTUBHI irpy; pPyxXoBi SKOCTI;
MopdodyHKI[iOHATBHMII CTaH
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Abstract. The need for a sufficient level of functional training and the influence of individual morphological features on
the effectiveness of tactical actions is urgent. Since the assimilation and improvement of tactical activity takes place at
the stages of preliminary and specialised basic training (11-13 and 13-15 years old), the determination of the morpho-
functional conditioning of the effectiveness of defensive actions by young football players will allow improving the process
of their tactical training. The purpose of the study was to determine the relationship between morpho-functional features
and the effectiveness of defensive actions by young football players at the stages of preliminary and specialised basic
training. The level of functional capabilities was determined by indirect methods: aerobic — by heart rate indicators after
performing a standard 5-minute exercise; anaerobic — according to jump ergometry indicators. In all groups, reliable
relationships were established between the length of the body in the standing position and the efficiency coefficient of
the head game in defence. High values of the correlation coeflicients between the indicators of the length of the lower
limbs and the coefficient of efficiency of interceptions (except for 12-year-olds) were revealed. The presence of statistically
significant relationships between all characteristics of the effectiveness of actions in defence and the aerobic capabilities
of young athletes was established. It was found that at the age of 14, absolute anaerobic phosphagen capacity indicators
are significantly correlated with efficiency coefficients of interceptions, defensive headers and counterattacks. It was
determined that the effectiveness of actions in protection is related to the ability to maintain a high power of jumping
work, which characterises anaerobic capacity. The established dependencies of the effectiveness of defensive actions on the
studied morphological features and functional characteristics should be used by coaches of children’s and youth football
teams when determining the propensity of young football players to perform certain tactical functions, team composition
and rational application of training of different (aerobic and anaerobic) orientations
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Introduction

The commercialisation of modern sports, in particular
football, caused a significant increase in competition in
achieving high sports results. This provision determines
the need to constantly search for scientifically based ways
of improving the system of training the sports reserve. The
system-forming factor of the effective competitive activity
of football players is the sports result, which is determined
by the components of provision and implementation. The
components of ensuring effective competitive activity are
the morphofunctional and psychophysiological capabilities
of the body of football players (Sarmento et al., 2018). They
are implemented at the level of technical and tactical skill,
physical and mental preparedness (King, 2018).

According to S. Barrett et al. (2018), improving the
technical and tactical skill of football players is a complex
multifactorial process, and due to the fact that the specifics
of the conditions of the modern game require each player
to alternately perform defensive and attacking actions, the
effectiveness of the game in defence and attack has equal
importance for the final result. However, R. Oliveira et
al. (2022) noted that, despite the increasing role of group
methods of play in defence, such as pressing, counter selec-
tion, numerical advantage in parts of the field, when stud-
ying the features of technical and tactical activity and the
factors that determine its effectiveness, priority is given to
the attacking actions of football players, and assessment of
their effectiveness is carried out by registration of accurate
and inaccurate actions followed by calculation of the corre-
sponding coefficients.

Such attention is caused mainly by the commercial
component, due to the spectacle of attacking actions, as
J.L. Delgado & J.A. Mendez Villanueva (2018) noticed. But
it is necessary to pay attention to the fact that it is impos-
sible to attribute the incomplete selection of the ball, when
the opponent’s attack is interrupted, but the ball remained
under his control, to accurately performed or inaccurately
performed defensive actions. Thus, the use of generally ac-
cepted efliciency coeflicients in this case is not correct. This
necessitates the use of a balanced assessment of defensive
actions in competitive activities. This approach consists in
evaluating defensive tactical actions on a special scoring
scale that takes into account the results of the defensive ac-
tion that was performed. At the same time, the zone and
situation in which this or that game action is performed is
taken into account.

T. Modric et al. (2021) highlighted the need for a high
level of functional characteristics (aerobic and anaerobic ca-
pabilities) for high-quality performance of tactical actions
by high-class football players. A.H. Roberts et al. (2019)
established that the presence of certain morphological fea-
tures in qualified football players (length of the body and
lower limbs, body mass and hip girth) selectively deter-
mines the effectiveness of certain tactical actions (heading
in defence, interceptions and ball selection). In addition,
G. Lisenchuk & V. Tyshchenko (2019) suggested that due
to morpho-functional differences, the specificity of inter-
dependencies in qualified and young football players may
have different conditioning. Therefore, the significance of
the impact of individual functional features and morpho-
logical features on the effectiveness of defensive actions by
young football players needs additional study.

According to V. Nikolaienko et al. (2021), it is the stag-
es of preliminary and specialised basic training that are the
beginning of training and the improvement of tactical ac-
tions of young football players continues, and any miscal-
culations in the training and selection process (along with
the orientation towards the performance of certain game
functions and team composition) lead to a decrease in the
quality of training reserve. Thus, mastering modern meth-
ods of conducting the game in defence requires high indi-
vidual playing skills of the players, which also confirms the
importance of improving the process of learning defensive
tactical actions, taking into account the special features of
young athletes. The above made it necessary to carry out
specialised studies aimed at determining the specificity of
the relationships between morpho-functional features and
indicators of the effectiveness of defensive tactical actions
of young football players at the stages of preliminary and
specialised basic training.

Materials and Methods

The method of analysis of scientific and methodological lit-
erature was used in order to study the state of the research
problem. The method of pedagogical control is used to as-
sess the level of tactical skill when performing defensive ac-
tions during competitions. The coeflicients of the efficiency
of tackles, interceptions, head play in defence, opposition
to passes, driving, shots, and the integral coeflicient of the
efficiency of defensive actions were determined. The eval-
uation scale of protective actions is presented in the work
of V. Stepanenko & V. Pogrebnyi (2022). At the same time,
the zone and situation in which this or that game action
is performed is taken into account. Efficiency coeflicients
(EC) were also calculated by the formula of V. Stepanenko
& V. Pogrebnyi (2022).

Morphological characteristics (body weight, kg; hip
circumference, cm; body length in standing position, cm;
length of lower limbs, cm) were determined in accord-
ance with generally accepted methods of anthropometric
measurements. Aerobic capacity was determined using an
indirect method. Subjects climbed a bench 35 cm high for
5 minutes at a pace of 25 times per minute. At the end of the
work, the heart rate was measured for the last 30 seconds
of work. Then the MOC (maximum oxygen consumption)
was calculated according to the following formula:

hXpxnx1.3xe~0.000884xt
F-60

MOC = 1.29 x\] , (1)

where h - the bench height; n — the number of ascents per
minute; e — the base of the natural logarithm; f - heart rate
per minute; p — body mass; t — age. Anaerobic capacity
was determined by the jumping ergometry method on the
contact area. Subjects performed three maximal upward
jumps with sufficient rest pauses. An electronic millisec-
ond meter recorded the time of the unsupported phase of
the jump (the best indicator was taken into account). After
a rest pause, the subjects performed a 60-second series of
upward jumps with a frequency of 1 jump per 2 seconds.
With the help of a millisecond meter, the total time of the
resistance-free phase was recorded in each of the 10-sec-
ond segments of jumping work, which made it possible to
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determine the dynamics of the change in anaerobic power
during the test. From the 60-second jumping test, the av-
erage indicators of anaerobic power of the first and last 10
seconds of jumping work were used to calculate the corre-
lation coeflicients. The height of the jump was calculated
according to the formula:

h = , (2)

where h - the height of the jump, m; 9.8 - speed of free fall,
m/s% T - the time of the jump, s. The power of the jump was
calculated according to the formula:

N=(hm/(t/2))/0.102, (3)

where N - power, W; h — jump height, m; m - mass, kg;
t — jump time, s. The absolute anaerobic phosphagen pow-
er, the power of each 10-second segment of work in the
60-second jump test, and the index of the decrease in an-
aerobic power were calculated according to the following
formula:

W1-we

ACRE = i X 100%, (4)

where ACRE - anaerobic capacity reduction index, condi-
tions unit; W1 - power of the first 10-second segment of
work, W; W6 — power of the sixth 10-second segment of
work, W. Digital data obtained in the study were processed
using traditional methods of descriptive statistics. Deter-
mination of the probability of differences between param-
eters was carried out according to the Student’s criterion,
according to the formula for independent samples with
unequal variances. Evaluation of the relationship between
the studied parameters and indicators of the effectiveness
of defensive tactical actions in the process of competitive
activity, as well as the significance (determinism) of indi-
vidual parameters was carried out using a multivariate cor-
relation-regression analysis with the calculation of paired
correlation coefficients and subsequent calculation of the
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multiple correlation coeflicient. The values of r and p for
the studied groups were as follows: p <0.05 with r>0.54;
P <0.001 with r>0.76 — 11 years; p < 0.05 with r> 0.48;
P <0.001 with r>0.72 - 12 years; p < 0.05 with r>0.54;
p<0.001 with r>0.76 - 13 years; p < 0.05 with r> 0.45;
p <0.001 with r>0.69 - 14 years; p < 0.05 with r > 0.49;
p<0.001 with r>0.74 - 15 years. The method of finding
determinants is presented in the special literature (Anto-
monov et al., 2021). Statistical processing of the results was
carried out using MS EXCEL, STATISTICA 6.0.

The confirmatory experiment was conducted during
two competitive mesocycles of the children’s and youth
football league of the Kyiv Region of the 2023 season. Foot-
ball players aged 11-13 years (stage of preliminary basic
training) and 13-15 years old (stage of specialised basic
training) took part in the study, who studied at the football
department of the lyceum of the Shchaslyve Village of the
capital’s village council of the Boryspil District, Ukraine.
Consent for the study was obtained from the parents of
the children, and they were informed about the purpose
and methods of using the obtained data. Anonymity of re-
search participants and compliance with ethical standards
were ensured (Declaration of Helsinki, 2013). The age of
the group of 11-year-old football players was 11 +0.3 years,
12 years - 12+0.1 years, 13 years — 13+0.2 years, 14 years —
14+ 0.1 years, and 15 years — 15+ 0.1 years old. The total
number of research participants was 82 (N=82).

Results and Discussion

It is necessary to note the uneven development of the mor-
phological features of the body of young football players
at the stages of preliminary and specialised basic training
(11-13 and 13-15 years, respectively). Irregularity of devel-
opment is due to the onset of puberty in this age period.
Standing height increases significantly from 12 to 13 and
from 13 to 14 years (p<0.05), and leg length increases sig-
nificantly from 12 to 13, from 13 to 14 and from 14 to 15
years (p<0.05) (Fig. 1).
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Figure 1. Indicators of height, standing and length of lower limbs of young football players, x

Source: created by the authors

The above data allowed to establish two periods of sig-
nificant growth in body length and lower limbs from 12
to 13 and from 13 to 14 years. Body mass and hip girth

indicators have a similar tendency to increase: slight — from
11 to 12 years, jump-like increase — from 12 to 13 years, and
most likely - from 13 to 14 years (p <0.05) (Fig. 2).
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Figure 2. Indicators of body weight and hip girth of young football players, x

Source: created by the authors

The obtained data allowed to generalise the follow-
ing: the most reliable growth of the studied morphologi-
cal features occurs from 12 to 13 and from 13 to 14 years.
The analysis of age-related changes in the development of
functional features allowed to establish the greatest in-
crease in aerobic capacity (according to MOC indicators)

3.8

in the period from 13 to 14 years (p<0.05) (Fig. 3). A sig-
nificant increase in anaerobic phosphagen capacity occurs
from 12 to 13 and from 13 to 14 years (p <0.05). Indica-
tors of relative anaerobic phosphagen power significantly
increase from 11 to 12, from 13 to 14 and from 14 to 15
years (p<0.05) (Fig. 4).
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Figure 3. Indicators of MOC of young football players, x

Source: created by the authors
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Figure 4. Indicators of absolute and relative anaerobic phosphagen capacity of young football players, x

Source: created by the authors
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Research has established that the effectiveness of pro-
tective measures increases slightly with age. Only at the
age of 14, the integral EC of defensive actions, EC of inter-
ceptions and head games in defence are likely to increase
(p £0.05). The significant growth of the specified charac-
teristics coincides with significant increases at this age in
such morphological features as body length and length of
the lower limbs. Correlation analysis of the studied char-
acteristics made it possible to establish that body mass has
a relationship with the EC of head play in defence only in

11-year-old football players (r=0.56, p < 0.05). Indicators
of hip circumference correlate with the EC of selections in
15-year-old athletes (r=0.58, p <0.05). All age groups are
characterised by reliable connections between body length
and EC of head play in defence. In 13- and 14-year-olds,
body length indicators significantly coincide with EC in-
tercepts (r=0.54, r=0.56, p<0.05, respectively). All groups
of subjects (except 12-year-olds) are characterised by the
presence of high correlation coefficients between indicators
of the length of the lower limbs and EC intercepts (Table 1).

Table 1. Correlation relationships between morphological features
and indicators of the effectiveness of protective actions

Age Indexes = = = EC = =
selections interceptions head games in defence opposition
Body weight 031 0.43 0.56 0.05
1 Standing height 0.38 0.49 0.61 0.07
The length of the lower limbs 0.33 0.55 0.56 0.24
12 Standing height -0.02 0.37 0.49 -0.23
3 Standing height 0.04 0.54 0.55 017
The length of the lower limbs 013 0.58 0.39 0.28
m Standing height -0.06 0.56 0.58 -0.08
The length of the lower limbs 0.29 0.52 0.38 031
Hip girth 0.58 0.34 0.32 0.15
15 Standing height -0.63 0.47 0.49 -0.19
The length of the lower limbs 0.09 0.53 0.28 0.04

Source: created by the authors

Determining the playing functions of young football
players and the composition of teams must be carried out
in accordance with the established dependencies of the ef-
fectiveness of defensive actions on the investigated mor-
phological features. To perform the functions of central
defenders and midfielders, young players with high indica-
tors of body length and lower limbs should be set up, due to
the fact that, first of all, the middle part of the football field
is characterised by interceptions and head play in defence,
and the specified morphological characteristics, according
to the obtained results, determine their effectiveness. Since
the ball is most often collected on the flanks, young foot-
ball players with shorter body length and lower limbs, but

with a larger hip girth, should be oriented to perform the
functions of full backs and midfielders.

Studies have shown that in almost all groups of sub-
jects (except for the group of 12-year-old football play-
ers) there are statistically significant relationships be-
tween the characteristics of the effectiveness of defensive
actions and aerobic capabilities. Therefore, a high level
of development of general endurance determines the ef-
fective performance of protective actions. Indicators of
absolute anaerobic phosphagen power of 11-year-old
athletes are positively correlated with EC of interceptions
and head play in defence (r=0.58 and r=0.64, p <0.05,
respectively) (Table 2).

Table 2. Correlation relationships between functional characteristics
and indicators of the efficiency of defensive actions, 11 and 12 years old

Age Indexes £C

selections interceptions head games in defence opposition

Moc 067 0.72 0.76 0.69

Absolute anaerobic phosphagen power 0.48 0.58 0.64 0.22

1 Relative anaerobic phosphagen capacity 0.43 0.32 0.36 0.55

Anaerobic power (1-10 s of work) 0.50 0.59 0.67 0.25

Anaerabic power (51-60 s of work) 0.46 0.57 0.63 0.21

Anaerabic power reduction index -0.48 -0.36 -0.59 -0.39

12 Anaerabic power reduction index -0.33 -0.28 -0.35 -0.58

Source: created by the authors

In 13-year-old players, interdependencies are observed
only with EC of interceptions and with EC of head play in
defence (r=0.54, r=0.56, p<0.05, respectively). Positive cor-
relations of 14-year-old athletes were found regarding the
absolute anaerobic phosphagen power, on the one hand, and

EC of interceptions (r=0.54, p<0.05), EC of head play in de-
fence (r=0.50, p<0.05), EC counteraction (r=0.58, p<0.05),
on the other hand. However, in 15-year-old young football
players, this indicator correlates only with the EC of tackles
and interceptions (r=0.69, r=0.50, p <0.05, in accordance).
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Relative anaerobic phosphagen power in eleven-year-
old football players is positively correlated with EC of op-
positions (r=0.55, p <0.05). However, in 12- and 13-year-
old football players, there is no significant correlation of
this characteristic with indicators of the effectiveness of
defensive actions. It was also established that there is a sig-

nificant relationship between the relative anaerobic phos-
phagen capacity and all indicators of the effectiveness of
defensive actions in 14-year-old athletes. But for 15-year-
old players, this indicator correlates with the EC of selec-
tions and countermeasures (r=0.52 and r=0.51, p <0.05,
in accordance) (Table 3).

Table 3. Correlation relationships between functional characteristics
and indicators of the effectiveness of defensive actions, 13, 14, and 15 years old

EC
Age Indexes selections interceptions head games in defence opposition

MOC 0.42 0.78 0.63 0.55

13 Absolute anaerobic phosphagen power 0.14 0.54 0.56 0.21
Anaerobic power (51-60 s of work) 0.27 0.57 0.54 0.36
Anaerabic power reduction index -0.55 -0.58 -0.35 -0.58

MoC 0.52 0.52 0.36 0.58

Absolute anaerobic phosphagen power 0.44 0.54 0.50 0.58

1 Relative anaerobic phosphagen capacity 0.55 0.53 0.51 0.59
Anaerabic power (1-10 s of work) 0.55 0.31 0.39 0.58

Anaerobic power (51-60 s of work) 0.20 0.38 0.48 0.70

Anaerabic power reduction index -0.69 -0.47 -0.40 -0.72

M0C 0.45 0.55 0.57 0.52

Absolute anaerobic phosphagen power 0.69 0.50 -0.30 0.33

15 Relative anaerobic phosphagen capacity 0.52 0.27 -0.36 0.51
Anaerobic power (1-10 s of work) 0.49 0.21 -0.33 0.02

Anaerobic power (51-60 s of work) 0.39 0.52 0.51 0.28

Source: created by the authors

In 11-year-old athletes, correlational dependences of
the first and last 10 seconds of jumping work with EC inter-
ceptions and head play in defence were revealed. With re-
gard to 13-year-olds, indicators of the power of their work in
the first 10 seconds do not have a relationship with all char-
acteristics of the efficiency of defensive actions, and the last
10 seconds of jumping work are correlated with the EC of
interceptions and head play in defence (r=0.57 and r=0.54,
p <0.05, respectively). In 14-year-old football players, the
power of the first 10 seconds of work correlates with the EC
of tackles and counterattacks (r=0.55 and r=0.58, p<0.05,
respectively), and the power of the last 10 seconds of work
correlates with the EC of head play in defence and counter-
action (r=0.48, p<0.05, r=0.70, p<0.001, in accordance).

The indicator of the power of the first 10 seconds of
work in 15-year-old players has correlations with the EC of
tackles (r=0.49, p<0.05), and the power of the last 10 sec-
onds of work — with the EC of interceptions and head play in
defence (r=0.52, r=0.51, p<0.05, in accordance). It should
be noted that the higher the power of the last 10 seconds
of jumping work, the better are almost all indicators of the
effectiveness of defensive actions of young football players.
The index of decrease in jumping power is inversely propor-
tionally correlated with all indicators of the effectiveness of
defensive actions in 13- and 14-year-old athletes; the ex-
ception is the EC of head games in defence. As for 11-year-
old players, the indicator of the decrease in their anaerobic
power is negatively correlated with the EC of head play
in defence (r=-0.59, p <0.05). However, in 12-year-old
athletes, this indicator correlates with the EC of counter-
measures (r=-0.58, p<0.05), and in 15-year-old athletes,
only a weak connection of this component is observed
with all indicators of the effectiveness of defensive actions.

The analysis of scientific and methodical literature
shows that the improvement of children’s football occurs
due to the increase in requirements for all aspects of the
training of young athletes (including tactical), as noted
by A. Dulibskyi (2021). It has been established that only
an optimal level of tactical preparation can ensure the
achievement of high sports results (Ulderink et al., 2017).
Since the effectiveness of offensive and defensive actions is
equal to achieving victory over the opponent, giving pref-
erence to attacking actions in terms of game organisation
is not a rational approach. However, the majority of the
attention of scientists and practitioners is directed to the
search for ways to improve the attacking tactical actions
of both qualified and young football players, as written by
J.R. Tarragé et al. (2019).

In a general sense, the term “football tactics”, as E. Val-
carcel (2020) wrote, means the team’s ability to use all its
playing capabilities (technical, physical, psychological)
with the greatest efficiency to achieve victory over a given
specific opponent. It should be noted that the manifestation
of physical capabilities is conditioned by the morpho-func-
tional features of the human body. Taking into account
the analysed theoretical data, one of the directions for im-
proving tactical preparedness is the determination of the
morpho-functional features of football players, which de-
termine the quality of the performance of defensive tactical
actions. According to trainers R. Schomann et al. (2014),
for practicing sports within the framework of multi-year
improvement, adolescence is considered the most favour-
able for basic and specialised training. Therefore, miscal-
culations made at the specified stages of preparation will
exclude opportunities to make up for what was lost in the
future. Agreeing with this statement, the authors conducted
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research at the stages of preliminary and specialised basic
training. M. Krespi et al. (2019) noted that when determin-
ing the characteristics that determine the effectiveness of
defensive actions, both in young and in qualified football
players, only the selection of the ball and its interception
are taken into account. While monitoring the effectiveness
of defensive actions, this article used a balanced assessment
and covered the registration of countermeasures (driving,
passes, strikes), which made it possible to expand the range
of information received and increase its informativeness.

Specialists like K. Johnston & J. Baker (2020) paid con-
siderable attention to morphological features, because in
sports games, weight and height data are of great impor-
tance for the performance of certain game functions. Such
indicators as the height and weight of an athlete are largely
determined by heredity (body length - by 90-95%, body
weight by 72-76%). The results of the research on the mor-
phofunctional state of young football players carried out,
in accordance with the set goal, are partially confirmed
by the data of the literature. According to D. Bujnovky et
al. (2019), the greatest increase in the length of the body
in the standing position and the length of the lower limbs
in young football players occurs from 11 to 12 and from
13 to 14 years. The same study showed a slight increase
in the specified signs from 11 to 12 years, and a signifi-
cant increase from 12 to 13, and from 13 to 14 years. Also,
the largest increase in body weight and hip girth, which
falls on this age period, has been established. According to
A. Terzis (2020), in highly qualified football players, the ef-
ficiency of head play in defence is determined by the length
of the body in a standing position, and the efficiency of in-
terceptions is determined by the length of the lower limbs.
The authors observed the same specificity of addictions in
young football players based on the analysis of the data
of this study, which indicates the high informativeness of
these indicators in the process of orientation towards the
performance of certain game functions.

N. Jayanthi et al. (2022) noted that the ability of ath-
letes to perform long-term non-specific physical activity is
determined by the level of the body’s aerobic capacity (due
to MOC) and is positively influenced by the improvement
of specific components of playing skill. The correlation
analysis performed by the authors confirmed the need for
high indicators of MOC characteristics for the effective
performance of protective actions. However, the data ob-
tained in this study had a certain specificity. In particular,
high correlation activity between the integral and separate
EC of defensive actions and MOC indicators was found in
all age groups, with the exception of 12-year-old football
players. It was also established that with age the number of
correlations decreases and their numerical values decrease.
This indirectly indicates that with age and an increase in
the level of special training, the role of anaerobic sources
of energy supply increases. But according to the results of
these studies, aerobic energy production and general en-
durance are leading to the effective performance of defen-
sive actions by young football players.

In sports, effective competitive activity is also ensured
by the ability to productively perform anaerobic work, as
written by P. Kunz et al. (2019). The data obtained by the
authors partially confirm this statement, but also indicate
that at this age stage of the training of football players,

anaerobic processes of energy supply are not exclusively
decisive for effective defensive activity. Thus, only in young
players aged 11 and 14, the strongest relationship between
the indicators of absolute and relative anaerobic phospha-
gen capacity with individual indicators and integral EC of
defensive actions was found. In 12-, 13-, and 15-year-old
athletes, correlations of this indicator with individual EC
of defensive actions are episodic. Also, a significantly high-
er correlation activity of the anaerobic power indicators
of the last 10 seconds of work in the test and the index of
its decrease than the first 10 seconds of jumping work was
established. This indicates the importance of the capacity
of anaerobic pathways of energy supply for the successful
performance of protective actions. Therefore, this study
demonstrated the predominant importance of aerobic en-
ergy production for the effective performance of defensive
actions, but indirectly showed that as the level of playing
skill increases and the intensity of competitive loads in-
creases, the importance of anaerobic sources of energy sup-
ply will increase.

Conclusions

The conducted research made it possible to determine the
specificity of the morpho-functional conditioning of the ef-
fectiveness of the defensive actions of young football play-
ers at the stages of preliminary and specialised basic train-
ing. The analysis of the age characteristics of the indicators
of the effectiveness of defensive actions demonstrates the
gradual formation of tactical skills in young football players
in the period from 11 to 15 years. The investigated mor-
phological features significantly increase from 12 to 13
and from 13 to 14 years (p <0.05). The greatest increase
in aerobic capacity (MOC) was noted from 13 to 14 years
(p=0.05). A significant increase in the indicators of anaero-
bic phosphagen power occurs from 12 to 13 and from 13 to
14 years (p <0.05), and the indicators of relative anaerobic
phosphagen power increase reliably from 11 to 12, from 13
to 14 and from 14 to 15 years (p <0.05).

The established dependences of the effectiveness of
defensive actions on the investigated morphological fea-
tures must be used when determining the game functions
of young football players and team selection. Thus, young
football players with relatively high indicators of body
length and lower limbs should be oriented to perform the
functions of central defenders and midfielders due to the
fact that it is in the middle part of the football field that
interceptions and head plays in defence are most often per-
formed, and the indicated morphological characteristics
in young football players 11-15 years old, as confirmed in
the course of research, determine their effectiveness. Young
football players with relatively lower indicators of body
length and lower limbs, and with a relatively larger hip
girth, should be oriented to perform the functions of wing
players due to the fact that on the wings, such a defensive
action as ball retrieval is most often performed.

Reliable dependencies between aerobic and anaero-
bic capabilities, on the one hand, and the effectiveness of
protective actions, on the other, determine the need for a
balanced combination of aerobic and anaerobic exercises in
the process of sports training. It can be argued that the abil-
ity of young athletes to maintain a high power of jumping
work, which characterises the level of anaerobic capacity, is
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AHOTaUif. AKTYalIbHOI € HeOOXifHICTb ZOCTaTHBbOrO PiBHA (PYHKIIOHAIBHOI MiATOTOBIEHOCTI Ta BIUIMBY OKPEMUX
MOpGOMOriYHNX O3HaK Ha eQeKTUBHICTb TakTWYHMX Aifl. OCKINbKM 3aCBOEHHs Ta YAOCKOHATEHHS TaKTUYHOI
HisZIBHOCT] BimOyBaeTbcsl Ha eTamax IOMEPeRHbOI Ta CIeliamizoBaHoi 6asoBoi migroroskm (11-13 ta 13-15 pokis),
BU3HaYeHHA MOP(PODYHKIiOHAaTbHOI 06yMOBIEHOCTI e()eKTMBHOCTI BUKOHAHHA 3aXVICHUX Aill IoHMMU (yT6omicTamMmu
IO3BO/UTH BOCKOHAINTHU IIPOLEC iX TAKTUYHOI MiATOTOBKM. MeTa MOCTIIHKEHHS — BM3HAYUTYU B3AEMO3B SI30K
MopdodyHKIioHAIBHIX 0CO6MMBOCTEl 3 e(eKTUBHICTIO BUKOHAHHS 3aXUCHMX [iil IoHMMM (QyTOOTICTaMM Ha eTarax
THOIIepeHbOI Ta CIielfiani3oBaHol 6a30Boi MiAroToBKM. PiBeHb QYHKIIIOHATBHIX MOXK/IUBOCTEI BI3HAYEHO HEIIPAMUMU
MeTofaM: aepoOHi — 3a MOKa3HMKAMI YaCTOTH CEPLIeBMX CKOPOUEHb IIiC/IsI BUKOHAHHS CTAHZAPTHOTO 5-XBUIMHHOTO
HaBaHTaKeHHs; aHaepOOHi — 3a MOKa3HMKaMu CTpUOKoBOI eproMeTpii. Y Bcix rpymax BCTaHOBIEHO JOCTOBIPHIi 3B A3KN
MDK JOBXMHOIO Tifla B IIOJIOOKEHHA CTOSAYM Ta KoedillieHTOM e(eKTUBHOCTI I'pM TOIOBOI0 Y 3axyCTi. BusaBneHo Bucoki
3HaueHHs Koe(illieHTiB Kopemslil MDK IMOKa3HMKaMM JJOBXMHY HIDKHIX KiHIIBOK Ta KoedillieHToM edeKTMBHOCTI
nepexomtenb (OkpiM 12-piunmx). BcTaHOB/IEHO HAsBHICTD CTATUCTUYHO 3HAUYYIIMX B3AEMO3B’SI3KIB MDK ycima
XapaKTepUCTUKaMM e(eKTUBHOCTI Aill Y 3aXMCTi Ta aepOOHMMI MOX/IMBOCTSMM IOHUX CIIOPTCMEHIB. BusiBieno, 1o y
Billi 14 pokiB moKa3HMKM abCOMOTHOI aHaepoOHOI PocdareHHOI IOTY>KHOCTI 3HAUYIIlEe KOPEIIOITH i3 KoediljieHTaMn
eeKTUBHOCTI IIepeXOIlIeHb, I'PY FOJIOBOIO B 3aXICTi Ta MPOTHUi. BusHadeHo, 1110 epeKTUBHICTD Aiil y 3aX1CTi OB s13aHa
31 CIIPOMO>KHICTIO HIiATPMMYBaTM BUCOKY HOTYXXHICTb CTPMOKOBOI po0OOTH, fKa XapaKTepusye aHaepOOHY €MHICTb.
BcTaHOBIIeHI 3a/1eXHOCTI e(eKTUBHOCTI 3aXMCHMX Aill Bif OCTiIXyBaHMX MOP(OIOTiYHNX O3HAK i (PYHKLIOHAIBHNX
XapaKTEPUCTUK MAIOTh BUKOPMCTOBYBATUCS TPEHEPaMM AUTSIIO0-IOHAUBKNX (YyTOONBHMX KOMAHJ IIpU BU3HAYEHHI
CXM/IPHOCT] I0HUX (PyTOOMICTIB HAa BUKOHAHHS [IEBHIX TAKTUYHMX YHKIIilT, KOMIUIEKTYBaHHI KOMaHJI Ta PaljioHaIbHOMY
3aCTOCYBaHHI TpeHyBaHb pisHOI (aepo6HOI 11 aHaepOOHOI) CIIPSIMOBAHOCTI

Kntouosi cioBa: aepoOHi MOX/IMBOCTI; aHaepOOHI MOXKIMBOCTI; BiKOBi 3MiHM; KOpe/ALiiiHUII aHasi3; Mopdonoriuni
O3HaKU
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Abstract. Improvement of muscle strength is a critical aspect for weightlifting athletes, as it directly affects the
performance of key competitive exercises, such as the snatch and clean and jerk, which are crucial for achieving high
performance in this sport. The study aimed to develop and substantiate an optimised training plan for increasing muscle
strength in weightlifters and compare its effectiveness with a standard programme. The research methodology included
analysis of existing training plans, development of an adaptive plan based on modern principles of periodisation, and
experimental comparison of the dynamics of strength indicators in two groups of athletes. Statistical analysis methods
were used to assess the reliability of the results. The results demonstrated that the group that trained according to the
optimised plan showed a more significant increase in strength performance in the snatch (15%), clean and jerk (14%)
and bench press (12%) compared to the standard programme (7%, 8% and 6% respectively). In addition, the athletes
who used the optimised plan demonstrated a steady increase in performance throughout the training cycle, while
the group with the standard programme saw a significant decrease in progress after the third month. The study also
determined that the number of injuries in the group with the optimised plan was significantly lower due to the control
of exercise technique and the proper organisation of recovery periods. The study confirmed that the use of an adaptive
approach that incorporates the individual characteristics of athletes and the variability of loads contributes to a more
pronounced progress in the development of muscle strength. The practical significance of the study is determined
by the possibility of implementing the proposed methodology to improve the effectiveness of the training process in
weightlifting, for athletes of different levels of training

Keywords: snatch; clean and jerk; press; physical activity; adaptive periodisation

Introduction

To achieve high sporting results in weightlifting, it is nec-
essary to ensure the systematic development of muscle
strength using structured programmes that account for the
specifics of competitive movements, individual character-
istics of athletes and the body’s adaptation to high physical
exertion. Effective training planning contributes to opti-
mal strength development, reduces the risk of injury and
increases athletes’ competitiveness. However, despite the
existence of standard programmes their effectiveness may
vary depending on the individual characteristics of athletes.
This necessitates the development of optimised training
plans based on modern scientific approaches and consider-
ing innovative techniques. Muscle strength development is
a complex process that involves neuromuscular adaptation,
the development of muscle hypertrophy and the optimisa-
tion of motor skills. Traditional training programmes for
weightlifters are mostly based on the principles of progres-
sive overload, periodisation and integration of general and

specialised physical training. However, there are differenc-
es in the choice of intensity, frequency and volume of loads,
which can affect the final result. Modern research also em-
phasises the importance of individualising training, high-
lighting the physiological, biomechanical and psycho-emo-
tional characteristics of athletes. For instance, approaches
such as block periodisation or non-linear periodisation
were noted to provide positive results in other sports, but
their implementation in weightlifting requires further study.

At the international level, various sports organisations,
such as the International Weightlifting Federation and the
International Olympic Committee, are actively promoting
the development of training methodology. The Internation-
al Weightlifting Federation offers recommendations on the
use of innovative approaches, such as the use of load moni-
toring technologies, force sensors and platforms for analys-
ing athletes’ movements. Such tools can track performance
and adapt training plans depending on the athlete’s physical
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condition. In addition, international scientific conferences,
such as the Congress of the European Federation of Sport
and Health Science, provide a platform for the exchange
of best practices in training programme planning. These
events discuss the latest research in physiology, biome-
chanics and sports medicine, which can form the basis for
improving training programmes. At the current stage of de-
velopment of sports science, biofeedback technologies are
gaining popularity, allowing real-time assessment of exer-
cise performance. Another promising area is the introduc-
tion of virtual reality technologies to simulate competitive
conditions, which increases the psychological prepared-
ness of athletes. Modern approaches also address the im-
portance of an interdisciplinary approach, where training
programmes are developed with the participation of coach-
es, physiologists, nutritionists and sports psychologists.

T.J. Suchomel et al. (2018) emphasised the importance
of muscle strength in sports activities and the need to in-
corporate specific aspects into training programmes. The
study noted that an individualised approach to training
planning, addressing the specific needs of the athlete, is
a key factor in achieving maximum results. According to
P. Androulakis-Korakakis et al. (2021), the minimum effec-
tive training load is an important aspect of increasing the
maximum strength (1RM - one repetition maximum, one-
rep max) in athletes with training experience. This system-
atic assessment determined the smallest amount of training
stimuli required to achieve significant results, making it ex-
tremely relevant for creating effective and cost-efficient pro-
grammes. P. Androulakis-Korakakis et al. (2021) expanded
the understanding of the minimum effective load by investi-
gating its effect on powerlifters. They concluded that the use
of reasonable load dosages can achieve significant progress
in strength performance even with limited training time.

I. Sandau & U. Granacher (2023) analysed how optimal
lever force and velocity profiles can maximise performance
in weightlifting exercises. The study emphasised the impor-
tance of properly adjusting these parameters to improve the
efficiency of weightlifting. This study emphasised that it is
important to consider the relationship between strength
and speed to achieve the best results in strength exercises.
D.-C. Yeom et al. (2023) analysed the effects of low-load,

high-repetition training on maximal muscle strength and
muscle tissue damage in elite weightlifters. The researchers
determined that this methodology allows for achieving sig-
nificant results in strength indicators while minimising the
risk of injury, which is especially important for high-level
competitions. H. Arazi et al. (2021) investigated how dif-
ferent series configurations in resistance training affect
strength adaptation and muscle performance in powerlift-
ers. The study concluded that varying the duration of rest
between sets and the number of repetitions can signifi-
cantly affect strength and power levels. V.M. Zatsiorsky et
al. (2020) systematised the basics of the science of strength
training, emphasising the key principles for building suc-
cessful programmes. The study emphasised the importance
of periodisation, accounting for the specifics of movements
and biomechanical characteristics of athletes. It provided a
theoretical basis for optimising training plans.

Despite significant progress in the study of training
methods, gaps remain in the adaptation of existing stand-
ard programmes to the individual needs of athletes and the
integration of innovative approaches into the structure of
training plans. The study aimed to optimise a training plan
for improving muscle strength in weightlifters based on
modern methods and compare its effectiveness with existing
standard programmes. The objectives of the study were to
analyse the effectiveness of training programmes in weight-
lifting, to develop an optimised plan accounting for inno-
vative approaches and individual characteristics of athletes,
and to conduct a comparative analysis of muscle strength
indicators between groups that trained according to stand-
ard and optimised plans to determine their effectiveness.

Materials and Methods

Data from open sources, including the official training
plan of the Weightlifting Federation of Ukraine (Oleshko et
al., 2018) and the results of scientific publications on the
topic of optimisation of training programmes, were ana-
lysed. Based on the data from Table 1, scientifically based
criteria for training periodisation, strength development
techniques, and optimisation of technical aspects were
used to develop the optimised plan, based on the individu-
al needs of athletes.

Table 1. Structure of a standard weightlifting training plan

Training component Content

Frequency Aim

Warm-up jumping, swinging)

Dynamic stretching, light aerobic exercises (running,

Daily, 10-15 minutes Preparing muscles and joints for exercise

Basic exercises Jerk, push, their variations

Developing technique and strength

3-4 training sessions/week S
indicators

Auxiliary exercises

Squats, deadlift, bench press, waist press, back exercises

Development of core strength, support

2-3 traini ions/week .
3 training sessions/wee of motor chains

Specialised exercises .
exercises)

Speed exercises (jumps, kettlebell swings, plyometric

1-2 training sessions/week | Improved speed and power performance

Work on weaknesses

Specialised exercises to address individual technical or
physical weaknesses (e.g., correction of jerk technique)

Correction of technical and physical

2-3 training sessions/week Lo
deficiencies

Restoration .
recovery exercises

Passive and active recovery, stretching, massage,

Reduction in fatigue, prevention of

Daily, 15-30 minutes o
injuries and overwork

Physical fitness (jumps, sprints)

Exercises to develop endurance and explosive strength

1-2 training sessions/week Improving overall physical fitness

Psychological preparation

Development of mental state, concentration training

1-2 training sessions/week | Increase mental stability, concentration

Source: compiled by the author based on V. Oleshko et al. (2018)
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The sources used in the development include works on
neuromuscular adaptation and performance improvement
in strength sports. In addition, the recommendations of
leading researchers in the field of sports science were in-
corporated, which was used to form a theoretical model of
an optimised training plan. The study was based on a com-
parison of muscle strength indicators in 40 male athletes
aged 18-30 years with at least three years of weightlifting
training experience. For 12 weeks in 2024, the indicators
were recorded and subsequently compared. The partici-
pants were divided into two equal groups: the first trained
according to the standard plan of the Weightlifting Feder-
ation of Ukraine, and the second - according to the opti-
mised plan developed within the study. The sample includ-
ed athletes without chronic injuries or diseases that could
affect exercise performance, provided they voluntarily
agreed to participate. This sampling approach ensured the
homogeneity of the groups and minimised the influence
of extraneous factors on the results. In addition, the study
complied with ethical standards, including the principles of
voluntary and informed consent of participants, confiden-
tiality of their data, risk minimisation and safety (The Dec-
laration of Helsinki, 2013). Integrity in the use and analysis
of the results was also ensured, as well as homogeneity of
the sample to minimise extraneous factors. The optimised
training plan was developed addressing modern research
in the field of sports science (Suchomel et al., 2018; An-
droulakis-Korakakis et al., 2021).

The analysis method was used to examine the struc-
ture of the standard training plan and consider its strengths
and weaknesses. The effectiveness of the training plans was
assessed using statistical methods such as descriptive statis-
tics, comparison of means (t test) and analysis of variation
(ANOVA) to identify significant differences between the
groups. These methods were used to assess the effect of dif-
ferent approaches on athletes’ muscle strength. The synthe-
sis method was used to combine the knowledge gained to
create a theoretical model of an optimised training plan that

covers the individual needs of weightlifters. The methods of
induction and deduction were used to draw logical conclu-
sions about the impact of different training approaches on
muscle strength growth. Induction helped to summarise
the data from individual studies, while deduction assessed
the effect of the optimised plan. Generalisation and sys-
tematisation were used to draw clear conclusions about the
benefits of the proposed approach.

Results and Discussion
Development and structure
of an optimised training plan
The optimised plan is based on the principles of periodisa-
tion, load variability, and gradual progression, and focus-
es on the optimal ratio of load and recovery. The training
process was divided into three phases. The first phase was
the preparatory phase, which lasted 4 weeks. This phase
focused on general physical fitness, strengthening stabilis-
ing muscles and building endurance. The intensity was 60-
70% of the 1RM. Multiple repetitions were used (4-6 sets
of 12-15 repetitions). This stage was used to create a solid
base for further increasing loads while minimising the risk
of injury. The main phase lasted 6 weeks. The key focus
was on developing maximum strength and power. The in-
tensity varied from 75% to 90% of the IRM. A total of 4-5
sets of 6-8 repetitions in basic exercises (squat, deadlift,
bench press, clean and jerk) was done. High intensity and
medium volume of training contribute to increased neu-
romuscular adaptation and muscle strength. The competi-
tion phase lasted for 2 weeks. The focus shifted to weight-
lifting-specific movements with an emphasis on technique
and explosive power. The intensity was 85-95% of the
1RM, the number of sets was 3-4 with 2-4 repetitions. The
final stage of training helps to maximise strength poten-
tial before competitions. Each stage of the training process
has a clear scientific rationale and a defined goal, which
contributes to the gradual progress in the development of
muscle strength (Table 2).

Table 2. Structure of an optimised training plan to improve muscle strength in weightlifters

.. . Intensity Number of | Number of . . S .
Training phase Duration (from 1RM) approaches | repetitions Basic exercises Objectives and rationale
. Development of basic endurance,
Preparatory 4 weeks 60-70% 4-6 12-15 Squat, deadlift, bench strengthening of stabilising muscles,
phase press, pull-ups, press L L2
minimisation of injuries
. Development of maximum strength and
The main phase 6 weeks 75-90% 4-5 Squat, deadift, bgnch power, neuromuscular adaptation, and
press, clean and jerk .
performance improvement
Competitive 2 weeks 85-05% 3-4 ]erk', push, and squat | Optimisation of te_chnlque, explogye power,
phase with a heavy load and preparation for competitions
Recovery (period 2-3timesaweek  Light activity . Light cardio, stretching, Redugng fgtlgue, preventmg |njur|e§( and
between phases) massage maintaining muscle and joint mobility

Source: compiled by the author based on T.J. Suchomel et al. (2018), P. Androulakis-Korakakis ef al. (2021)

To optimise the progress, the intensity of the exercises
varied depending on the training phase, ensuring the grad-
ual increase in workload without overworking. The plan
included both basic exercises for all major muscle groups
and auxiliary exercises to develop problem areas (e.g., pull-
ups, Romanian deadlifts, front squats). Total number of
exercises: 6-8 per workout. Training frequency: 4-5 times

a week. The use of different tempos, exercise variations
and training methods (e.g., cluster approaches or pyrami-
dal loading) helps to avoid plateauing in strength develop-
ment. The plan included mandatory recovery days, which
are critical to ensure maximum progress and prevent over-
use. Active recovery days were held 2-3 times a week and
included light cardio (e.g., running, cycling or swimming)
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and stretching to improve flexibility and circulation, which
helps reduce muscle soreness and speed recovery. The
periodicity of recovery and rest helps to minimise the risk
of injury, optimises adaptation to exertion and contributes
to overall performance improvement. Nutritional recom-
mendations emphasise the provision of adequate energy
for recovery, as well as the importance of sleep to maxim-
ise performance and muscle regeneration. The balance be-
tween exertion and recovery is key to long-term progress
and injury prevention. The plan is based on the principles
of muscle adaptation to a gradual increase in load (Zatsior-
sky et al., 2020). The proposed structure can increase the
efficiency of the training process compared to the standard
plan of the Ukrainian Weightlifting Federation (n.d.). High
intensity and variability of exercises in proposed plan can
stimulate maximum strength gains, while sufficient rest
minimises the risk of injury and fatigue.

Comparative analysis

of the effectiveness of training plans

To substantiate the effectiveness of the developed opti-
mised training plan, a detailed comparative analysis of
muscle strength indicators between two groups of athletes
was conducted. The first group used a standard training
plan approved by the Ukrainian Weightlifting Federation
(n.d.). This programme is based on traditional approach-
es to periodisation, which include successive phases of

volume, intensity and recovery. In the preparatory phase,
the intensity and volume of exercises were reduced to de-
velop basic endurance. In the main phase, the intensity
increased to develop maximum strength. The competitive
phase focused on technical improvement with high in-
tensity and short volume of exercises. The second group
trained based on an optimised plan that was tailored to
modern scientific approaches to the training process,
individual characteristics of athletes and new methods
of adaptation of loads. The comparative analysis of the
two plans involved assessing the effectiveness of training
loads, recovery intervals and optimising periodisation to
achieve results.

In the traditional approach, there is a clear distinction
between phases, allowing for a gradual increase in intensity
and volume, depending on the fitness of the athletes, while
the optimised plan integrates individual parameters and
modern scientific recommendations, allowing for flexible
adjustment of the load and recovery. An important advan-
tage of an optimised plan is the individualisation of train-
ing, which allows for more effective consideration of the
biological and physiological characteristics of each athlete.
Compared to the traditional approach, where recovery pe-
riods can be standardised for everyone, the optimised plan
allows for a more precise determination of the optimal re-
covery intervals, which ensures better adaptation and sta-
bility of results (Table 3).

Table 3. Comparison of the effectiveness of standard and optimised training plans in weightlifting

Criteria

Standard plan

Optimised plan

Average strength gain (snatch, clean and jerk, press)

7% (snatch), 8% (clean and jerk), 6% (press)

15% (snatch), 14% (clean and jerk), 12% (press)

Intensity of progress during the cycle

Decreases after the third month

Steady progress throughout the cycle

Frequency of injuries

Higher (three times as many injuries)

Lower costs thanks to adaptive monitoring

Phase structure

Distinct phases, but common to all athletes

Individually customisable phases

Incorporating restorative practices

Minimal attention to recovery, standard intervals

Structured recovery with active and passive
methods

Source: compiled by the author based on Ukrainian Weightlifting Federation (n.d.)

The results of the comparison showed that the group
that trained according to the standard programme demon-
strated an average increase in the maximum strength in-
dicator (1RM) by 7%. This result is in line with previous
studies showing that traditional methods provide mod-
erate progress due to the gradual increase in loads and
the maintenance of the stability of the training process
(Garhammer, 2020). At the same time, the second group,
which trained according to the developed optimised plan,
achieved an average increase in 1RM of 15%. This signif-
icant improvement confirms the effectiveness of using
an individualised approach and adaptive periodisation
(Comfort et al., 2023). One of the key differences of the
optimised plan is the use of adaptive intensity, which
addresses the current physiological state of athletes. Ac-
cording to preliminary data, this approach minimises the
risk of overwork and ensures effective recovery, which is
especially relevant for high-level weightlifters (Kirichen-
ko, 2021). In this study, intensity adaptation was carried
out based on regular testing of the state of muscle strength
of athletes, which ensured their readiness for a gradual
increase in loads. An additional element of the optimised

plan was the introduction of special techniques for con-
trolling exercise technique, as it has been confirmed that
proper technique reduces the risk of injury and promotes
greater strength gains (Hermassi et al., 2019). In the
present study, this aspect was integrated into each phase
of training, which reduced the number of injuries in the
second group to a minimum. It is also worth noting that
the optimised plan included structured recovery periods
that alternated with phases of increased loads. This made
it possible to use the principle of supercompensation more
effectively (Comfort et al., 2023). As a result, the athletes of
the second group demonstrated better recovery indicators
and a stable increase in performance throughout the train-
ing cycle. The obtained data indicate significant advantag-
es of the optimised training plan over the standard pro-
gramme of the Weightlifting Federation of Ukraine. Due
to the combination of adaptive periodisation, individual-
isation of loads, control of technique and organisation of
recovery phases, a significant increase in muscle strength
in athletes of the second group was noted. These results
can be used to further improve training programmes and
increase the efficiency of weightlifters’ training.
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Factors affecting progress

in muscle strength development

The development of muscle strength is a complex process
that depends on many factors, including the type of train-
ing, intensity of exercise, level of training and individual
characteristics. The main goal of muscle strength training
is to increase the ability of muscles to perform physical
activities at maximum loads, as well as to optimise neuro-
muscular coordination to achieve effective results. Prop-
er exercise technique is an important aspect, as even the
strongest athletes can face progression limitations if they
do not follow the correct technique. To maximise progress
in developing muscle strength, training programmes that
include not only weightlifting but also other types of phys-
ical activity should be used. Combination training, which
combines different types of exercise, such as weightlifting,
plyometric and ballistic exercises, can improve results.
Plyometric exercises, which involve rapid stretching and
contractions of the muscles, activate the elastic mecha-
nisms of the muscle fibres, improving their reactivity and
strength. Ballistic exercises, which involve fast, explosive
movements, stimulate the development of maximum
strength and improve the overall power of muscle groups.
At the same time, such combined training helps to devel-
op various physiological systems, including the nervous
system, which leads to more comprehensive adaptations
and improved strength performance (James et al., 2018).
An important aspect of achieving progress is the level of
training of athletes. Athletes with a higher level of initial
strength can adapt more quickly to complex training pro-
grammes that include heavy loads and a variety of tech-
nical exercises. Their bodies have a greater potential for
adaptation, as their muscles and nervous system already
have a basic level of development that can handle more
intense programmes. For beginners in weightlifting, on
the contrary, it is important to start with basic training
programmes that gradually build strength and technique
without the risk of injury.

Tailoring training programmes is an important ele-
ment in achieving maximum effectiveness. For athletes
whose activities require high technical skill and stability, it
is necessary to include exercises that promote balance and
coordination. One of the most effective methods is to use

116
114

single-arm variations of weightlifting and powerlifting to
help strengthen stabilising muscles and reduce the risk of
injury. This is especially relevant for athletes involved in
dance or other sports where stability and balance are key
to performing complex movements (Pistilli et al., 2021).
Despite the variety of approaches to training, to achieve
maximum results, scientifically sound methods must be
applied. The choice of an optimal training strategy should
address the individual characteristics of each athlete, their
level of fitness and the specifics of their sport. For instance,
for athletes involved in weightlifting at a high level, meth-
ods aimed at maximising neuromuscular adaptations are
important. Such methods can include both strength train-
ing with heavy weights and exercises to develop speed and
power. The combination of these elements allows to achieve
high results and maximise progress in the development of
muscle strength (Duchateau ef al., 2021). Thus, to achieve
sustainable progress in the development of muscle strength,
it is necessary to combine a variety of training methods,
apply an individual approach and consider the athlete’s
level of training. Only through a variety of training pro-
grammes that include weightlifting, plyometrics, ballistics
and stabilisation exercises can optimally result in sustaina-
ble strength development.

Dynamics of progress

in the development of muscle strength

The dynamics of changes in power indicators (press,
snatch, clean and jerk) were analysed throughout the study
period for both groups. In the group that trained accord-
ing to the standard plan of the Weightlifting Federation of
Ukraine, there was a gradual, but less pronounced increase
in strength indicators in all exercises. The average weight
increase in the snatch was 7%, in the clean and jerk - 8%,
and in the press - 6%. Instead, the group that used the
optimised training plan demonstrated a more significant
increase in strength performance. During the study, the
average increase in the snatch was 15%, in the clean and
jerk — 14%, and in the press — 12%. This indicates the effec-
tiveness of an individualised approach, the use of variable
loads and adaptive periodisation. The graphs below show
that the group with the optimised training plan achieved
better results in all periods of the study (Fig. 1).

==@==|erk (standard plan)

12

Push (standard plan)

110
108

Bench press (standard plan)

106
104
102
100

Strength indicators
(% of the initial level)

1 2 3 4 5 6 7 8
Weeks of research

==0-=Jerk (optimised plan)
==@=Push (optimised plan)
== Bench press (optimised plan)

Figure 1. Dynamics of changes in strength indicators (snatch, clean and jerk, press)
Source: compiled by the author based on data analysis of Ukrainian Weightlifting Federation (n.d.)

More stable gains were achieved, without the signif-
icant drops in progress evident in the group that trained
according to the standard plan. The intensity of progress

in the first group began to decline after the third month,
which is determined by the lack of adaptation of the train-
ing plan to the current physiological capabilities of the
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athletes. In the second group, due to regular monitoring of
progress and correction of loads, the growth of indicators
continued until the end of the study. The contrast was par-
ticularly marked during the competition phase. The stand-
ard plan group stabilised, while the optimised plan group
showed further growth, which significantly improved per-
formance in a competitive environment. The group that
trained based on the optimised plan demonstrates a sta-
ble and significant increase in all indicators, especially in
the main and competitive phases. In contrast, the group
with the standard plan made much slower progress, with
a noticeable decrease in the rate of increase after the third
month. Thus, the results confirm that the use of innova-
tive training methods contributes to faster and more pro-
nounced progress in the development of muscle strength.

The impact of an optimised training plan

on recovery and injury prevention

The optimised training plan developed in this study demon-
strated significant benefits in terms of the quality of ath-
letes’ recovery and reduction in the frequency of injuries.
In the process of implementing this plan, a key aspect was
the combination of adaptive intensity and structured rest
phases, which reduced the physiological load on athletes
and optimised their recovery after training (Laakso, 2021).
An important element of the plan was to address the indi-
vidual needs of the athletes when planning their workload.
Regular monitoring of the athletes’ condition, including
assessment of their level of fatigue and risk of overload, al-
lowed for timely adjustments to the intensity of training.
This approach contributed to a significant reduction in the
number of injuries in the group that trained according to
the optimised plan (Huebner et al., 2022).

Periods of active recovery, including light exercise,
stretching and recovery procedures, were integrated into
the training cycle. These methods are known to improve
blood circulation in the muscles and reduce muscle tension,
which contributes to faster tissue regeneration (Bompa &
Buzzichelli, 2022). As a result, the athletes in the optimised
plan group showed fewer complaints of muscle discomfort
compared to the standard programme group. The proposed
plan also included specialised training days with a focus on
technical training. This minimised the risk of injuries as-
sociated with poor technique in complex exercises such as
the snatch and clean and jerk. Studies show that improving
technical skills can significantly reduce the possibility of in-
jury (Bernardez-Vazquez et al., 2022). The individualisation
of loads within the optimised plan was based on a multifac-
torial approach that addressed both the physiological and
psycho-emotional aspects of athletes” training. This miti-
gates excessive stress and ensures a more balanced adapta-
tion of the body to physical activity (Travis et al., 2020b).

The injury rate was three times higher in the group
that trained according to the standard plan than in the
group with the optimised approach. This confirms the
importance of integrating modern techniques aimed at
customising the training process. Recovery also included
nutritional aspects, which are an important component in
preventing fatigue and accelerating regeneration. The ath-
letes’ diets were adapted to match their energy expenditure,
which ensured rapid replenishment of glycogen stores and
increased resistance of muscle tissue to stress (Bompa &

Buzzichelli, 2022). The performance of athletes in the sec-
ond group shows that the structured alternation of loads
and recovery contributed not only to reducing the risk of
injury but also to the overall improvement of physical con-
dition. This emphasises the need for an integrated approach
to the training process that addresses physiological, tech-
nical and psychological aspects of training. The results of
the study confirmed that the use of adaptive techniques can
not only improve the recovery of athletes but also optimise
their preparation for competitive conditions. The proposed
plan can be recommended for implementation in the train-
ing process of weightlifters, as it contributes to the achieve-
ment of high results with minimal risk of injury.

Statistical confirmation of the results

To substantiate the obtained results, a statistical analysis of
changes in strength indicators (press, snatch, clean and jerk)
between the groups that trained according to the standard
and optimised plans was conducted. The main criteria for
the analysis were mean values, standard deviations, and test-
ing the statistical significance of differences. This approach
is based on the methods of monitoring and adjusting train-
ing intensity recommended by T.J. Suchomel et al. (2021).
The mean values of the increase in maximum strength in
the group that trained according to the optimised plan were
significantly higher than those of the standard group. For
the bench press, the average increase was 12% (+2.1) in the
optimised group versus 5% (+1.9) in the standard group. In
the snatch, these figures were 14% (+2.3) versus 6% (£2),
and in the clean and jerk - 15% (£2.2) versus 7% (£2.1).
These data confirm the advantage of an individual approach
to load periodisation (Xiang et al., 2020). The values of
standard deviations in the standard group indicate a great-
er variability of results, which indicates that the plan is not
sufficiently tailored to the individual characteristics of ath-
letes. An additional analysis of the distribution of strength
gains among participants showed that in the optimised
plan group, 85% of athletes achieved gains of more than
10%, while in the standard group, only 40% did so. This is
in line with the findings of G. Slater & L. Mitchell (2019),
who emphasised the importance of combining training
variables to achieve consistent results in strength sports.

Descriptive statistics were used in the study for sta-
tistical analysis to calculate the mean values and standard
deviations of changes in strength indicators such as the
bench press, snatch and clean and jerk. To test the statis-
tical significance of the difference between the groups in
these indicators, a paired samples t test was used, which
showed that the strength gains in the group that trained
according to the optimised plan were significantly higher:
for the bench press 12% (£2.1) vs. 5% (+1.9), for the snatch
14% (£2.3) vs. 6% (£2.0), and the clean and jerk 15% (£2.2)
vs. 7% (£2.1). In addition, the ANOVA was used to assess
the dynamics of changes in strength indicators throughout
the training cycle, confirming that the group with the opti-
mised plan showed a steady increase in results without sig-
nificant declines observed in the standard group, especially
after the third month.

The asymmetry of loads and the stability of results
among participants was an important aspect of the analy-
sis. Proper adaptation of loads allows not only to increase
strength performance but also to reduce muscle imbalance
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(Hammami et al., 2023). In the present study, the group with
the optimised plan demonstrated a lower level of asym-
metry during the performance of snatches and push-ups,
which indicates a more effective impact of the programme.
The analysis also demonstrated that the optimised plan con-
tributed to a better adaptation of athletes to the loads due
to the integration of recovery phases and individual control
over the technique. This correlates with the recommenda-
tions of S. Kaabi et al. (2022) regarding the importance of
an optimal combination of strength and technical aspects
of the training process. Thus, the statistical analysis con-
firmed that the proposed optimised training plan provides
a significantly greater increase in strength indicators, stabil-
ity of results and adaptation of athletes to high loads com-
pared to the standard approach. These data confirm the ef-
fectiveness of modern adaptive approaches in weightlifting.

The effectiveness of an optimised training plan:

Analysis of the results

The results of the study demonstrated the significant ef-
fectiveness of the optimised training plan in comparison
with the standard approach approved by the Weightlifting
Federation of Ukraine. The proposed methodology, which
includes adaptive periodisation, individualisation of loads,
regular monitoring of athletes’ condition and structured
recovery phases, not only provided a significant increase
in strength performance but also significantly reduced the
risk of injury. The study evaluated the effectiveness of the
developed optimised training plan in comparison with the
results of previous scientific works.

J. Garhammer (2020) emphasised that the effectiveness
of training programmes depends on a well-defined struc-
ture of periodisation and consideration of the individual
characteristics of athletes. This is consistent with the results
of the present study, where the optimised plan provided
for a progressive change in loads, which ensured better ad-
aptation of the body to the training process. According to
P. Comfort et al. (2023), the integration of intensity control
methods in strength training programmes helps maximise
sports achievements. The developed plan used methods of
gradually increasing the intensity of exercises, which, ac-
cording to the data obtained, ensured a stable increase in
muscle strength. This approach proved to be more effective
than the standard plan of the Ukrainian Weightlifting Fed-
eration, where intensity control was less systematic.

According to T. Kirichenko (2021), the use of opti-
mised training plans can significantly improve strength
indicators in women engaged in powerlifting. The present
study confirmed the effectiveness of an adaptive approach
to the periodisation and volume of training for both men
and women, which indicates the universality of the pro-
posed methodology. S. Hermassi et al. (2019) noted that
strength training, which includes a set of exercises with
different intensities, has a positive effect on physical indi-
cators such as muscle volume and maximum strength. In
the context of this study, the use of methods such as var-
iable resistance exercises demonstrated similar results,
particularly in terms of improving strength and speed. The
authors also confirmed that athletes’ motivation is a key
factor in achieving high performance. In this study, regular
monitoring of progress helped to increase motivation,
which had a positive impact on the results.

L. James et al. (2018) highlighted that the combina-
tion of weight training with plyometric exercises contrib-
utes to better adaptation of athletes to increased loads.
The optimised training plan included plyometric elements
at the main stages, which allowed for achieving faster re-
sults compared to traditional approaches. In an analysis of
other aspects of training process optimisation, E. Pistilli et
al. (2021) noted that the inclusion of unilateral variations
of exercises in strength training contributes to the stabili-
ty of athletes, especially among those involved in specific
sports. Within the framework of the present study, the use
of such approaches allowed to improvement of the indica-
tors of symmetry of force in weightlifters, which confirms
the effectiveness of the developed plan.

J. Duchateau et al. (2021) emphasised the importance
of integrating strategies to maximise neuromuscular per-
formance, such as complex exercises and periodisation.
The study confirmed that such approaches provide more
stable progress in the development of muscle strength. Ac-
cording to L. Laakso (2021), the effectiveness of the train-
ing process increases significantly when verbal communi-
cation between the coach and the athlete is optimised. This
is consistent with the results obtained since the optimised
plan focused on explaining the technical aspects of exercise
performance, which helped to reduce the risk of injury and
improve results. T.O. Bompa & C. Buzzichelli (2022) noted
that proper periodisation is a key factor in achieving maxi-
mum performance in sports. This directly correlates with the
findings of this study, where the structure of the optimised
plan was based on periodisation, which ensured a progres-
sive increase in loads and adaptation of the athletes’ bodies.

According to M. Huebner et al. (2022), weightlifting
masters often use a combination of training practices, in-
cluding weight training and general physical fitness. The
present study also demonstrated the effectiveness of inte-
grating various techniques within a single plan, which con-
tributed to the harmonious development of strength and
endurance of athletes. R. Bernardez-Vazquez et al. (2022)
demonstrated that the optimisation of strength training pa-
rameters, such as volume, intensity and frequency, is an im-
portant factor in achieving muscle hypertrophy. The study
also used similar principles, including volume and periodi-
sation, which led to an increase in muscle strength. Accord-
ing to S.K. Travis et al. (2020b), the use of load phasing,
particularly the reduction of intensity before peak compe-
tition (the so-called tapering), contributes to the achieve-
ment of maximum strength performance. The optimised
plan of this study included a similar approach to periodi-
sation, which ensured proper adaptation of athletes to the
increase in load. According to Y. Xiang et al. (2020), the
optimisation of multivariate models that consider dynam-
ic strength helps to predict maximum performance during
weightlifting training. The developed plan was also based
on a multifactorial approach that considers the individual
characteristics of athletes to ensure maximum progress.

T.J. Suchomel et al. (2021) emphasised the importance
of monitoring and adjusting training intensity to ensure
sustainable progress. Similarly, in the present study, the use
of an adaptive approach to intensity avoided a plateau in
muscle strength development. S. Kaabi et al. (2022) con-
cluded that weightlifting training is more effective than
plyometric training in improving strength, jumping and
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directional changes in junior athletes. This study con-
firmed that the use of weightlifting exercises in training
programmes has significant benefits for the development of
physical qualities. According to R. Hammami et al. (2023),
the use of unstable training contributes to the development
of physical qualities and the reduction of lower limb asym-
metry in younger athletes. The optimised plan also includ-
ed exercises aimed at balance and stability, which allowed
to achieve harmonious development of muscle strength.

J.W. Evans (2019) and B. Schoenfeld et al. (2021) em-
phasised the importance of a periodised approach to train-
ing to achieve maximum results in muscle hypertrophy and
strength performance. Periodisation can effectively struc-
ture the load, preventing plateaus in progress and helping
the body to adapt to increasing demands. The present study
also used an adaptive periodised approach, which provid-
ed a stable increase in strength indicators compared to the
standard plan of the Ukrainian Weightlifting Federation.
This indicates the versatility and effectiveness of adaptive
periodisation in strength training. Similar conclusions
were made by S.K. Travis et al. (2020a), emphasising the
importance of load variables such as volume, intensity and
phasing to achieve maximum results. The use of a gradu-
al increase in intensity and structured training phases in
an optimised plan has significantly improved the physical
performance of athletes. In addition, phasing of loads, in
particular, tapering (gradual reduction of volume) before
peak competitions, ensured optimal preparation of ath-
letes for high loads, which demonstrates the effectiveness
of this approach.

Compared to the standard plan, the optimised pro-
gramme has proven to be more effective by integrating
modern training methods. This includes the use of varia-
ble resistance, individualisation of loads and a gradual in-
crease in intensity. Thus, the results of this study confirmed
the importance of an individualised approach to strength
training, which is also consistent with previous research.
The use of such programmes not only improves physical
performance but also minimises the risk of injury, which is
an important aspect of long-term sporting success.

Conclusions
The study determined that the proposed optimised train-
ing plan has significant advantages over the standard ap-
proach used in the practice of the Ukrainian Weightlifting
Federation. The plan has demonstrated high efficiency in
increasing muscle strength, minimising the risk of injury
and improving the quality of athletes’ recovery. Adaptive
periodisation and the introduction of structured recovery
phases, stable and high results in athletes” strength perfor-

figure did not exceed 5-7%. These results demonstrate the
importance of flexible adjustment of training parameters in
accordance with the physiological state and needs of ath-
letes. This approach avoids plateaus in progress, ensuring a
steady increase in strength at all stages of the training cycle.

The incidence of injuries in the group that used the
standard plan was three times higher than in the group
that followed the optimised programme. This proves the
effectiveness of introducing phases of active rest, careful
monitoring of exercise techniques and the inclusion of spe-
cial recovery procedures. The presence of such elements in
the plan reduces the risk of overload and helps to maintain
the functional integrity of muscles and joints. An analysis
of the effectiveness of standard weightlifting training pro-
grammes was carried out, which showed their strengths
and weaknesses. Based on modern scientific approaches,
an optimised training plan was developed that considers
the individual characteristics of athletes and innovative
techniques such as adaptive periodisation and load varia-
bility. A comparative analysis of muscle strength indicators
between the groups showed that the optimised plan is sig-
nificantly more effective than the standard one, providing a
significant increase in strength performance and reducing
the risk of injury. Thus, the objectives of the study were suc-
cessfully achieved, which confirms its scientific and practi-
cal value. The results are of practical importance for coach-
es and athletes. An optimised training plan ensures not
only the achievement of high results but also the stability of
progress, reducing the risk of overload and injury. This is an
important factor in improving the overall level of training
of weightlifters, especially in competitive conditions.

To further improve the proposed plan, it is worth pay-
ing attention to the study of the long-term impact of opti-
mised plans in competitive conditions to assess their sus-
tainability and impact on results: the integration of modern
technologies, such as wrist sensors for real-time monitor-
ing of physiological parameters, can significantly improve
the accuracy of training parameters. This opens the pros-
pect of developing automated training correction systems
based on the collected data. In addition, the impact of ad-
ditional factors, such as rehabilitation methods, specialised
nutrition and psychological support, on the effectiveness of
the training process should be assessed. Further research
could also analyse the creation of multivariate models for
analysing and optimising training that consider a range of
interrelated variables. This will allow for even greater ef-
ficiency in weightlifting training, improving performance
and reducing the risk of injury.
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OnTumisauifa naaHy TpeHyBaHb
ANA NigBULLEHHA M'A30BOI CUM Y BaXKKoaT/neTiB

Tapac AyTKo

3acayXeHni mancTep CnopTy, 3ac/1y*KeHnin NpauiBHUK Gi3MYHOT KyNLTYpK Ta CNOPTY, A0LEeHT
YKpaiHCbKUI gepHaBHUIN YHIBEPCUTET HayKM | TexHonorii
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AHoTaujis. [TigBuiieHHs M 30BOI CUIM € KPUTUYHO BaXK/IMBUM aCIIEKTOM JJISI CIIOPTCMEHIB BaXKKOI aT/IETUKY, OCKIZTbKI
piBeHb PO3BUTKY M sI30BOI Ci/Ii 6e3110CepeHbO BIUIMBAE Ha e(eKTUBHICTh BUKOHAHH KIIOUOBMX 3MarajbHIUX BIPAB,
30KpeMa PMBKa Ta IIOLITOBXA, 1110 € BM3HAYA/IbHUMM JI/I JOCATHEHHS BYCOKMX Pe3y/bTaTiB y LbOMY BIAi ciopTy. MeToro
TOCTiKeHHs 6y/10 po3po61TH Ta OOIPYHTYBATH ONTUMI3OBAHWIT TPEHYBaIbHMIL IVIAH A/Is MiABUILEHHS M sI30BOI CU/IN Y
Ba)KKOATJIETiB i TOPiBHATM J10r0 e(peKTUBHICTB 31 CTAHAAPTHOIO IIPOrpaMolo. MeTofo/IorisA JOCIiKeHHA BK/II0YasIa aHaIi3
icHyI0OYMX TpeHyBaJIbHMX IUIaHIB, PO3pOOKY afalTMBHOIO IUIaHY, 3aCHOBAHOI'O Ha CYy4acHUX IPMHIUIIAX Iepioansaril,
Ta €KCIEepUMEHTAIbHE TIOPiBHAHHA NVHAMIKM CMIOBUX ITOKa3HMKIB y JJBOX I'pyIlaX CHOPTCMEHIB. BukopucTtoByBanmcsa
MEeTOJY CTATUCTUYHOTO aHAII3y J/Is OLIIHKM TOCTOBIPHOCTI pe3y/IbTaTiB. PesynbTaTyt po60TH ZeMOHCTPYIOTH, IO ITPYIIa,
sKa TPpeHyBaIacs 3a OINTMMI30BaHMM IUIAHOM, [IOKa3ana CyTTEBILIMIT IPUPICT CMIOBUX IOKasHUKIB y puBky (15 %),
nowToBxy (14 %) ta xxumi (12 %) mopiBHsAHO 3i cTaHgapTHOM mporpamoro (7 %, 8 % i 6 % BignosigHo). KpiM Toro,
CIIOPTCMEHM, AKI BUKOPUCTOBYBAIM OITMMI30BaHMII IUIaH, IIPOJIEMOHCTPYBaIM CTabilbHe 3pOCTaHHA pe3y/IbTaTiB
MPOTATOM YCbOTO TPEHYBa/JbHOTO LMKIY, TOfi AK y TPy 3i CTaHJApPTHOIO IPOTPaMOI0 TeMIM IPOrpecy CYTTEBO
3HIDKYBA/IUCA THC/A TPEeTbOro MicAusA. TakoX BMAB/IEHO, IO KiNbKiCTb TpaBM Y TPYIi 3 ONTMMI30BaHMM IIIAHOM
Oy/1a 3HAYHO MEHILOKO 3aBsKM KOHTPOJIIO TEXHIKM BUKOHAHHSA BIIPAB i HAJIEXKHIN opraHisaliii nepiofiB BifHOBIEHHs.
HocmimpkeHHs MiATBEPPKYE, 10 3aCTOCYBAHHS ANAITUBHOIO IiIXOARY, SKMIl BPaXOBYE IHAMBIfyambHI 0COOMMBOCTI
CIIOPTCMEHIB i BapiaTMBHICTb HABaHTaXXeHb, CIIPIsiE Oi/IbII BUPaXKeHOMY IIPOrpecy B PO3BUTKY M s130B0i cuyin. [TpakTiaHe
3HaYeHH: POOOTHU IOJIATAE Y MOXKIMBOCTI BIPOBaJPKEHH: 3alIPOIIOHOBAHOI METOAVIKY J/LA IiABUIIEeHHS e(eKTUBHOCTI
TPEHYBaJIbHOTO IIPOLECY Y BaXKKIN aTaeTuIi, 30KpeMa JI/I CIIOPTCMEHIB Pi3HOIO PiBHA IIirOTOBKM
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Abstract. The study aimed to determine the effectiveness of various means of active recreation for maintaining the
physical fitness of athletes during the transition period of the training process. An experimental methodology that
included testing the impact of four methods of active recreation, namely aerobic exercises, hydrotherapy, yoga and
team games, on the physiological parameters of athletes, was used in the study. The study involved 48 athletes aged 20
to 30, who were divided into four equal groups. The measurements were made before and after the experiment under
standardised conditions. The results of the study demonstrated that all methods of active recreation contributed to
the improvement of physiological parameters of athletes, but aerobic exercises and yoga demonstrated the highest
efficiency. Aerobic exercise resulted in a significant reduction in resting heart rate by 8% in men and 7% in women, as
well as a 15% increase in lung capacity. In addition, this method demonstrated a significant improvement in endurance:
the distance covered by athletes according to the Cooper test increased by 15%. Yoga contributed to a significant 17%
reduction in blood lactic acid levels after exercise in both men and women and improved muscle strength and flexibility.
Hydrotherapy was noted to be effective in reducing muscle tension, improving muscle tone by 20% and contributing
to greater relaxation in athletes. Team games, although having a lesser impact on physiological parameters, had a
positive effect on social interaction and overall motivation of athletes, and provided a moderate increase in endurance.
The results obtained concluded that aerobic exercises and yoga are the most effective means of active recreation for

maintaining the physiological parameters of athletes in the transition period

Keywords: physical activity; psychological rehabilitation; muscle strength; level of physical fitness; athletes

Introduction

The need to maintain the achieved level of physical fitness
of athletes and the effective recovery of their physical, psy-
chophysiological and emotional resources determines the
importance of researching the means of active recreation
during the transition period of training. In the sporting
macro-cycle, the transition period is a key moment when a
decrease in training intensity can decrease fitness, psycho-
logical demotivation and the risk of injury. Active recrea-
tion is a necessary part of recovery and sports require con-
stant adaptation to significant physical and mental stress.
The problem in the field of sports training is the need
for effective planning of the transition period of the training
process to ensure the recovery of the physical and psycho-
physiological resources of athletes. A study of the impact
of different approaches to the organisation of the transition
period on the physical fitness of young female basketball
players was conducted by E D’Elia et al. (2019). The study
compared two approaches: systematic training during the
period and complete rest. The results showed that systematic

training significantly improves physical fitness (p =0.004),
while inactivity had no significant effect (p = 0.075). The
study did not analyse the impact of different types of active
recreation on sports performance, and there are no rec-
ommendations for adapting the methods to other sports.

The impact of seasonal transitions and training strat-
egies on athletes’ physical fitness is a substantial factor in
sports training. T.M. Purdom et al. (2020) investigated how
seasonal transitions and training patterns affect aerobic ca-
pacity and body composition in first-division female foot-
ball players. The study determined that during the transi-
tion period, a decrease in the volume of training led to an
increase in aerobic capacity by 12.9% (p =0.001), and after
the spring season, this indicator reached a maximum with
an increase of 16.4% (p <0.01). However, in the pre-season,
due to the indirect nature of the training, there was a 7% de-
crease (p=0.02). The study does not analyse the long-term
impact of training methods on physical fitness and does
not offer adaptive recommendations for different sports.
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In sports training, it is necessary to determine how dif-
ferent methods of warming up during the transition period
affect athletes’ performance. M. Mckenzie et al. (2022) con-
ducted a systematic review investigating the effects of land-
based warm-ups on swimmers. The analysis determined
that a reduction in the transition period by half improved
swim times by 1.1-1.5%. Active warm-up methods in-
creased performance by 0.6-0.9%, and a combination of ac-
tive and passive warm-ups allowed for an increase of up to
3%. However, the effects at the level of the lower limbs were
mixed, and for the upper limbs, mostly unfavourable. The
main gap is the lack of analysis of the physiological mecha-
nisms of these techniques, as well as the limited amount of
research analysing the long-term results and adaptation of
these strategies in different sports.

In the field of sports training, it is necessary to main-
tain the physical level of athletes and optimise their weight
during the transition period of the training macrocycle.
B.M. Witwit (2018) investigated the use of the cross-train-
ing method to maintain these indicators in young wrestlers.
The results showed that the cross-training programme al-
lowed to maintain the level of physical fitness and stabilise
weight, avoiding its significant increase, which is typical
for traditional rest during this period. However, the study
revealed gaps, such as the lack of a detailed analysis of the
long-term impact of cross-training on sports performance
and insufficient study of the possibility of adapting the pro-
gramme to other sports and age groups.

In the field of sports tracking, it is necessary to deter-
mine how personal information tools can improve physical
activity monitoring for recreational athletes. M. Pandey et
al. (2019) investigated the use of tracking technologies by
recreational athletes such as runners, football players, bas-
ketball players, and tennis players. The study determined
that participants actively used trackers to measure basic
indicators (distance, steps, speed), but faced limitations in
monitoring specific sports techniques. The main gap is the
lack of support for complex metrics such as racket speed or
shot accuracy, as well as the lack of tools for analysing team
interaction and social support in team sports.

In sports training, it is necessary to determine the
effectiveness of active recovery to improve the physical
performance of athletes. R.O.Jr. Ortiz (2019) conducted a
systematic review of studies on the use of active recovery
among professional, collegiate and competitive athletes.
The results showed that active recovery sessions lasting
6-10 minutes contributed to improved athletic perfor-
mance, such as increased lactic acid removal and improved
specific athletic outcomes. However, the methodological
diversity of the studies makes it difficult to draw definitive
conclusions on the effectiveness of recovery approaches.
The main gap is the lack of standardised markers to meas-
ure the intensity and duration of active recovery, as well as
insufficient analysis of the psychological aspects of the im-
pact of these methods on athletes’ recovery.

This study aimed to determine the effectiveness of var-
ious means of active recreation for maintaining the phys-
ical fitness of athletes during the transition period of the
training process. The objectives of the study are to conduct
an experimental study with the division of athletes into
groups, each of which uses a separate means of active rec-
reation, and to measure physiological parameters before

and after the transition period; to analyse the impact of the
selected means of active recreation on the physiological
parameters of athletes and to determine the most effective
methods for maintaining fitness.

Materials and Methods

The study is experimental and was conducted in the for-
mat of practical testing of the impact of various methods
of active recreation on the physiological parameters of
athletes. The study was conducted over five weeks and in-
cluded an experiment for evaluation of the effectiveness of
various methods of active recreation for athletes involved
in anaerobic sports. The study involved 48 athletes (N=48)
who were divided into four equal groups of 12 people each
(n=12). Each Group consisted of 6 men and 6 women,
which ensured an even distribution by gender, allowing
for gender specifics to be considered when analysing the
results. The study participants had different levels of expe-
rience in their respective sports, but all of them met the re-
quirements for prior physical fitness. The sample was care-
fully selected from athletes aged 20 to 30 years with at least
three years of training experience in their disciplines and
an appropriate level of physical fitness confirmed by previ-
ous tests. To ensure the homogeneity of the sample, athletes
specialising in sprinting, weightlifting and wrestling were
recruited, which covered the specifics of anaerobic sports.
Before the study, all participants provided written consent
to participate in the experiment after receiving a detailed
explanation of the purpose, procedures and possible risks
of the study. The ethical principles of the study were based
on The Declaration of Helsinki (2013). The experiment was
approved by the local ethics committee.

Low-intensity aerobic exercise — Group A. This
Group performed light jogging or brisk walking for 30
minutes three times a week. The exercises were done in
the morning in the fresh air, which provided an addition-
al positive effect on the body due to natural oxygenation.
The pace of running was controlled by the trainers to avoid
overloading and corresponded to a level at which partic-
ipants could maintain a conversation without significant
effort. Hydrotherapy — Group B. This Group used contrast
baths with a temperature regime of 38-16°C. Each session
lasted 20 minutes and consisted of five cycles of alternat-
ing warm and cold water. The procedures were carried
out three times a week in a specialised sports centre un-
der the supervision of medical staff. Yoga and stretching -
Group C. Participants in this Group performed a set of
exercises for flexibility and breathing relaxation lasting 40
minutes three times a week. The sessions included basic
yoga asanas, breathing exercises (pranayama) and dynamic
stretching. Classes were held in a room with a minimum
number of external stimuli. Team games — Group D. This
Group participated in informal sports games, such as vol-
leyball or basketball, lasting 60 minutes twice a week. The
main goal was to combine physical activity with elements
of social interaction. The groups played in open areas.

Heart rate was measured using certified heart moni-
tors with the function of automatic recording. The proce-
dure was performed at rest at 7:00 a.m., before breakfast,
to avoid the influence of external factors such as physical
activity or emotional stress. The participants of the experi-
ment were in a sitting position, in a quiet environment with
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a minimum noise level. The heart rate was recorded three
times over three days to avoid random fluctuations caused
by stress or other temporary changes. The procedure con-
sisted of several stages. The participants performed a con-
trol exercise in the form of a 3-minute sprint on a treadmill
at an intensity of 85% of their maximum heart rate. This
intensity ensured the achievement of a state of moderate
anaerobic stress, which stimulated the formation of lactic
acid. After completion of the exercise, 5 minutes later, cap-
illary blood was taken from the finger using a standard lan-
cet. The obtained sample was immediately analysed using
a portable lactate meter, which provides an accuracy of up
to 0.1 mmol/l for determining the concentration of lactic
acid in the blood.

The measurement of vital capacity of the lungs was
assessed using a portable spirometer, which accurately de-
termined the volume of air that an athlete can inhale and
exhale at maximum effort. The procedure included three
main stages. The participant inhaled deeply to the maxi-
mum and then exhaled as fully as possible into the spirom-
eter mouthpiece. This procedure was repeated three times
with an interval of two minutes between each attempt. The
best value from the three attempts was used for analysis,
which reflected the athlete’s maximum ventilatory capaci-
ty. The data was collected under standardised conditions to
ensure maximum accuracy, including control of tempera-
ture, humidity and time of measurement. Each parameter
was measured several times, and the averages were used
to analyse the effectiveness of active recreation methods.

Two methods were used to measure muscle strength
and endurance: a hand dynamometer to measure hand
strength and the Cooper test to measure overall physical
endurance. There were several stages in the process. Partic-
ipants performed the measurements in a standing position,
holding the dynamometer in their working hand, with the
other arm hanging along their body. Each participant had
three attempts to squeeze the dynamometer with maximum
force, with an interval of one minute. The highest value of
the three attempts, which best reflected the athlete’s maxi-
mum capabilities, was used for analysis. All collected data
were processed using statistical tools to determine average
values, percentage changes and trends, which allowed for a
detailed evaluation of the results. This was used to conclude
the impact of different methods of active recreation on the
physiological and psycho-emotional parameters of athletes,
to identify the most effective approaches and to formulate
practical recommendations for their implementation in the
training process. The choice of active recreation methods
was based on modern recommendations for the recovery of
athletes, considering the specifics of anaerobic sports.

Results

Theoretical substantiation

of active recreation in the transition period

Anaerobic athletes consider the transition period in their
training programme to be an important step in helping
their bodies recover from a long season of competition.
This period is crucial for preventing psychological and
physical burnout, and it also sets the stage for further per-
formance improvement. It usually lasts from three to four
weeks, after which the intensity of training gradually de-
creases. The purpose of the transition period is to restore

the body. Athletes involved in anaerobic sports such as
weightlifting, sprinting, boxing or wrestling have to expend
a lot of energy on their muscles, heart and nervous system.
Due to the constant intensity of training during competi-
tions, the body is constantly under stress, which can lead
to fatigue, metabolic disorders and even a reduced immune
system. During this time, the main task is to stabilise phys-
iological processes and reduce the level of stress so that the
body can restore the resources it has spent. Restoring the
body’s energy balance is an important part of the transi-
tion period. Intense training during the competition peri-
od reduces muscle glycogen stores. Glycogen is the main
source of energy for anaerobic work. A healthy diet during
the transition period is crucial, as it helps to restore glyco-
gen stores, provides the body with the necessary micro and
macronutrients and promotes overall recovery (Kuybida et
al., 2022; Palladina & Kaliga, 2024).

The transition period also helps to reduce the psy-
cho-emotional burden. Due to strict training and competi-
tion schedules and the need to achieve results, athletes often
experience a lot of stress. During this period, psychological
rehabilitation includes relaxation activities such as medita-
tion, walking outdoors or participating in informal sports
activities, which can help reduce anxiety and improve
overall tone. Active recreation is another important aspect
of transition. Active recreation is not too intense exercise
that helps to maintain general physical condition without
overloading. It is different from complete rest. Swimming,
yoga, aerobic exercise, cycling and playing sports are some
of the most common types of active recreation among an-
aerobic athletes. These activities not only improve physi-
cal fitness but also positively impact the mental health of
athletes, rendering the training process harder (Kanaujia et
al., 2022). Basic fitness maintenance is important during
the transition period. Athletes should perform exercises
that help maintain muscle tone and flexibility, even though
the intensity of training is significantly reduced. For in-
stance, stretching and mobility exercises can help reduce
muscle strain and injury during the preparation period be-
fore training. All athletes have different fitness levels, ages,
experiences and health conditions when planning their
transition. Younger athletes face more recovery activities
during this period, while experienced athletes often use
this transition period to address weaknesses in their train-
ing, such as tactics or techniques.

Monitoring physiological parameters is important
during the transition period. Regular measurements of
blood pressure, lung capacity, blood lactic acid levels and
heart rate allow coaches and athletes to assess how well
recovery training is working and make the necessary ad-
justments to their training programme. Thus, the transition
period is an important part of training for athletes involved
in anaerobic sports. If it is well organised, it reduces the risk
of injury and facilitates the recovery of physical and psy-
chophysiological resources. The transition period serves as
a basis for further sporting achievements and as a time of
rest if the right combination of physical activity, treatment
and psychological rehabilitation is used. Moderation, grad-
ualness and compliance with the physiological capabilities
of the athlete are the main requirements for active recrea-
tion. After a competitive period, metabolic products, such
as lactic acid, accumulate, leading to muscle pain and poor
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performance. The body works excessively during prolonged
training, which leads to depletion of energy resources, mi-
crotrauma to the muscles and disruption of the water-salt
balance. Intense physical activity removes these products,
improves tissue oxygenation and restores energy reserves,
which are important factors for maintaining ideal fitness
(Skalski et al., 2024).

The main groups of active recreation methods are pri-
marily low-intensity aerobic exercises, such as running,
walking or swimming. These exercises improve blood cir-
culation and accelerate the recovery of the heart by putting
a moderate load on it. Aerobic exercise also stabilises the
nervous system, reduces stress levels and improves overall
tone. Swimming, for example, is one of the most common
forms of outdoor activity because it works on the soft joints
and affects the entire body. Water-based exercises can also
be used for its calming effect, which improves the mood
of athletes. Yoga and stretching are another important part
of active recreation. They relieve muscle tension, improve
joint flexibility and reduce injuries. Yoga and stretching are
often the last part of a workout. Yoga not only helps recov-
er physically but also emotionally relax. Yoga is also seen
as an effective way to strengthen the muscular corset and
increase resistance to stress. Heavy sports such as martial
arts and weightlifting require it. Hydrotherapy has a special
place among the various forms of active recreation. Exer-
cises with water, such as contrast showers, sea salt baths or
hydro massage, improve blood circulation and reduce mus-
cle pain. In addition, hydrotherapy calms the nervous sys-
tem, which is highly relevant for the body’s recovery after
exercise. Hydrotherapy also accelerates tissue regeneration,
reduces inflammation and increases the elasticity of muscle
fibres. It is widely used in rehabilitation programmes for
athletes who have been injured.

Participation in team games is another active recre-
ation method. For instance, sports such as football, bas-
ketball or volleyball help maintain emotional balance
by combining physical activity with social interaction.
Athletes benefit from these activities because they keep
them fit and have a positive psychological impact. Team
games create an environment of support and cooperation,
which increases the desire to train and reduces anxiety

(Rzeszutko-Betzowska et al., 2023). Modern athletes are
increasingly using innovative methods of active recreation
in addition to traditional methods. For instance, the use
of specialised simulators that reproduce different types of
physical activity allows for precise dosing of the load for
each athlete. Virtual reality (VR) contributes to the de-
velopment of interactive environments for rehabilitation
training. These innovations diversify and improve recrea-
tion. Individuality is an important part of active recreation.
When choosing recovery activities, each athlete should
account for physiological characteristics, fitness level and
personal preferences. For example, sprinters need to train
to restore plyometric power, while wrestlers need to relieve
tension from large muscle groups. An individualised ap-
proach maximises the effectiveness of recovery and prevents
harmful effects such as overexertion and loss of motivation.

Active recreation should also include activities that
contribute to the psychological rehabilitation of athletes.
Athletes can experience poor emotional health due to the
constant pressure and stress of performing well. Athletes
feel more motivated to train and can restore their emotional
balance through meditation, breathing exercises or walking
in nature. This not only facilitates quick recovery but also
creates optimal conditions for the next stage of training. To
determine exactly how beneficial active recreation is, it is
necessary to take regular measurements of physiological
parameters. These include blood pressure, lung capacity,
heart rate, and blood lactic acid levels (Jaiyeoba, 2021).
These metrics can be used to assess the athlete’s condition
and optimise the recovery programme to maximise results.
Such measurements facilitate the adaptation of the strate-
gy and guarantee full recovery. Different methods of active
recreation have a specific impact on the physiological and
psycho-emotional state of athletes, ensuring recovery after
intense physical activity. It is important to evaluate their ef-
fectiveness based on objective indicators, such as heart rate,
lactic acid level, muscle tone, and subjective parameters,
such as motivation and mood. Table 1 presents a compar-
ative analysis of the impact of the main methods of active
recreation on the condition of athletes, which can be used
to summarise their advantages and identify the most effec-
tive approaches depending on specific recovery tasks.

Table 1. Effectiveness of active recreation methods for the recovery of athletes

The method of active recreation Physiological effect

Psychological effect Recommended performance indicator

Aerobic exercises Reduced lactic acid levels by 15%

Reduced anxiety by 10% Heart rate

Hydrotherapy Improve muscle tone by 20% Increased relaxation by 25% The level of muscle tension
Stretching and yoga Increase in flexibility by 18% Improved mood by 15% Flexibility of the joints
Team games Support for overall endurance Increase in social interaction Reduced fatigue levels

Innovative technologies Precise load dosing (up to 98%)

Motivational effect (20%
improvement)

Evaluating the performance of a virtual
environment

Source: compiled by the author based on W. Tokarski & G.F. Zarotis (2020)

Each of the active recreation methods has a unique
impact on athletes’ recovery. Aerobic exercise is a versa-
tile method that is suitable for a wide range of athletes
due to its positive impact on the cardiovascular system.
Hydrotherapy is effective in relieving muscle tension
and promoting relaxation (Gojkovic et al., 2019) while
stretching and yoga provide flexibility and reduce the

risk of injury. Team games are particularly useful for
maintaining psychological balance and social interac-
tion, and innovative technologies can tailor rehabili-
tation programmes to the needs of individual athletes.
Summarising the results, it is possible to state that the
combined use of these methods allows for a comprehen-
sive recovery and maintenance of fitness.
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Experimental study of the impact of active recreation
At the beginning of the experiment, the male athletes had
an average resting heart rate of 58 to 62 beats per minute
(bpm), which is normal for people who train well. Female
athletes had a resting heart rate of 62-66 bpm. These indi-
cators showed that the participants were sufficiently trained
and ready to take part in the experiment. During further
comparisons, these initial heart rate values were used to as-
sess the impact of various forms of active recreation on the
state of the cardiovascular system of athletes after the transi-
tion period. In addition, to assess the functional state of the
respiratory system, the average values of the vital capacity
were addressed. The average values for male athletes aged
20-30 years were 4.5-5.5 1 and for women of the same age
group — 3.5-4.5 1. This highest value served as an indicator
of the functional state of the respiratory system of athletes.

Lactic acid levels were measured to assess the level of
muscle fatigue after intense exercise and the body’s abili-
ty to recover. This indicator is key for athletes involved in
anaerobic sports, as lactic acid is a metabolic product that
accumulates in the muscles during short-term intense exer-
cise, which is typical for such disciplines. At the stage of in-
itial measurements, the average lactic acid level in men was
7.5-8.2 mmol/l after exercise, and in women 6.8-7.4 mmol/l
after exercise. These values are typical for trained athletes
involved in anaerobic sports. They reflect the level of mus-
cle fatigue caused by intense physical activity and the body’s
ability to produce and utilise lactic acid.

At the beginning of the experiment, muscle strength
and endurance were also measured. The average strength
values for men were 48-52 kg and for women 34-38 kg,
which corresponds to standard values for trained individu-
als. The Cooper test, which is a universal method for assess-
ing physical and aerobic endurance in athletes, was used
to evaluate endurance. The test was conducted in a regular
outdoor stadium with a flat 400 m track. To prepare for the
main load, the participants performed a 5-minute warm-
up, which included light jogging and dynamic stretching.
After that, the athletes ran the maximum distance for 12
minutes. The coaches counted the distance in metres, m.
At the beginning of the experiment, the men covered an
average of 2,700-2,900 m, and the women 2,300-2,500 m.
These results correspond to the average endurance level of
anaerobic athletes.

All measurements were taken at the same time and un-
der the same conditions to prevent the influence of external
factors such as weather and athletes’ energy levels. The re-
sults provided the basis for further analysis of the changes
caused by the impact of different methods of active recrea-
tion. In addition, they made it possible to compare how ef-
fective different methods are in improving physical perfor-
mance. After five weeks of using different methods of active

recreation, significant changes in physiological parameters
were recorded in the participants. The results showed that
each method had a different level of impact on heart rate,
lung capacity, blood lactic acid levels, muscle strength and
endurance.

Resting heart rate decreased in all groups, indicating
an improvement in the cardiovascular system. In Group A
(aerobic exercise), the rates decreased from 60 to 55 bpm
for men and from 64 to 59 bpm for women. In Group B
(hydrotherapy), heart rate decreased from 61 to 57 bpm in
men and from 65 to 61 bpm in women. In Group C, there
was a decrease from 60 to 56 bpm in men and from 63 to
59 bpm in women. The smallest decrease was observed in
Group D, from 61 to 58 bpm in men and from 64 to 61 bpm
in women. Lung capacity improved in all groups, demon-
strating an increase in the efficiency of the respiratory sys-
tem. In Group A, lung capacity increased from 5.0 to 5.6 1
in men and from 4.0 to 4.5 | in women. In Group B, there
was an increase from 5.1 to 5.5 | in men and from 4.0 to
4.3 1 in women. In Group C, lung capacity increased from
5.0 to 5.75 1 in men and from 4.0 to 4.6 | in women. In
Group D, the values increased from 5.0 to 5.5 1 in men and
from 3.9 to 4.3 1 in women.

In Group A, lactic acid values in men decreased from
7.8 mmol/l to 6.4 mmol/l. In women, the values decreased
from 7.1 mmol/l (within the range of 6.8-7.4 mmol/l) to
5.8 mmol/l. In Group B, lactic acid levels in men decreased
from 7.9 mmol/l to 6.7 mmol/l. In women, the figures de-
creased from 7.2 mmol/l to 6.1 mmol/l. In Group C, lactic
acid levels in men decreased from 7.8 mmol/1 to 6.5 mmol/L.
In women, the figures decreased from 7.0 mmol/l to
5.8 mmol/l. In Group D, lactic acid levels in men decreased
from 8.0 mmol/l to 7.0 mmol/l. In women, the figures de-
creased from 7.3 mmol/l to 6.4 mmol/l. Muscle strength
also improved in all groups. In Group A, the scores in-
creased from 50 to 55 kg for men and from 36 to 40 kg for
women. In Group B, strength increased from 50 to 54 kg for
men and from 35 to 38 kg for women. In Group C, the in-
crease was the largest — from 49 to 55 kg for men and from
35 to 39 kg for women. In Group D, strength increased
from 50 to 53 kg in men and from 36 to 38 kg in women.

Endurance, as measured by the Cooper test, increased
most significantly in Group A - from 2,800 to 3,220 m for
men and from 2,400 to 2,760 m for women. In Group B,
the increase was from 2,780 to 3,050 m for men and from
2,380 to 2,620 m for women. In Group C, endurance in-
creased from 2,790 to 3,150 m for men and from 2,390 to
2,700 m for women. The smallest increase was observed in
Group D, from 2,800 to 3,050 m for men and from 2,400
to 2,620 m for women. Therefore, changes in physiologi-
cal parameters after five weeks of active recreation in % are
shown in Table 2.

Table 2. Changes in physiological parameters after five weeks of active recreation

Parameter Initial indicators Group A Group B Group C Group D
(average values) (aerobic exercise) (hydrotherapy) (yoga and stretching) (team games)

Heart rate, bpm M: 75 M:8% M:6% ¥ M:7% { M:5% ¢
' F:78 F:7% 4 F:5% 4 F:6% { F: 4% 4

Lung capacity,| M: 4.8 M:12% T M:8% 1 M:15% 1 M:10% 1

' F:38 F12% 1 F:8% 1 F:15% 1 F:10% 1
Lactic acid. mmol/l M: 6.2 M:-18% ¥ M: -15% 4 M:-17% ¢ M:-12% L
' F:5.8 F:-18% F:-15% 4 F:-17% 4 F:-12% {
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Table 2, Continued

Parameter Initial indicators Group A Group B Group C Group D
(average values) (aerobic exercise) (hydrotherapy) (yoga and stretching) (team games)

Muscle strength, kg M: 60 M:10% T M:8% T M:12% 1 M:7% T

' F: 40 F:10% ™ F:8% T F:12% T F:7% 1

Endurance, m M: 2,400 M:15% 1 M:10% T M:13% 1 M:9% T

(Cooper’s test) F: 2,200 F:15% T F:10% T F:13% T F:9% T

Source: compiled by the author

The results of the study showed that all methods of ac-
tive recreation had a positive effect on the physical char-
acteristics of athletes engaged in anaerobic sports; howev-
er, the effectiveness of each method differed significantly.
Groups A (aerobic exercise) and C (yoga and stretching)
showed the greatest improvements. These groups showed
increased muscle strength and endurance, a significant
increase in lung capacity, a decrease in blood lactic acid
levels, and a significant decrease in resting heart rate. This
indicates that these methods are effective in restoring the
cardiovascular, respiratory and muscular systems of ath-
letes during the transition period.

Hydrotherapy (Group B) also improved the physical
condition of the athletes for a long time, especially by re-
ducing the level of lactic acid in the blood and increasing
muscle tone. This method showed a relaxation effect, which
is necessary for overall recovery; however, its effect on lung
capacity and endurance was less noticeable compared to
aerobic exercise and yoga. Group D, or team games, showed
the least improvement. Although this method helped to
maintain general physical condition and allowed people to
socialise, it was not effective in reducing lactic acid levels
and improving other physiological parameters.

Depending on the needs of each athlete, hydrotherapy
and team games can be recommended as complementary
or alternative recovery methods. The results also highlight
how important it is to use an individual approach to select-
ing recovery methods that take into account the physical
and emotional needs of each athlete. In general, the study
confirmed that each of the active recreation methods is ef-
fective for athletes’ recovery after a break between training
sessions. The groups that used aerobic exercise and yoga
showed the best results, which demonstrates how versatile
they are and how they affect the physical and emotional
state of athletes. Thus, for maintaining fitness during the
transition period, aerobic exercise and yoga with stretching
were the best types of active recreation that provided a com-
prehensive improvement in physiological conditions. Hy-
drotherapy also showed great potential, especially for im-
proving tissue regeneration and reducing muscle tension.

Discussion
Recovery from physical activity is an integral part of the
training process for athletes involved in intense physical
disciplines. The use of effective methods of active recreation
helps to reduce muscle fatigue, improve physiological per-
formance and provide optimal conditions for subsequent
training. D. Boullosa et al. (2020) addressed factors that
influence the training and physical performance of recre-
ational endurance runners, including training methods,
monitoring of physiological parameters and prediction of
results. The main similarities with the present study are in
the approach to the analysis of physiological parameters of

athletes, in particular, heart rate, endurance performance
and the effectiveness of training methods. Both studies
demonstrate the importance of an individual approach
to the choice of methods and the consideration of the
influence of physiological and psychological factors on
training results. The main differences relate to the target
Group and types of physical activity. The current study
focuses on anaerobic athletes undergoing a transitional
period of training, evaluating the impact of various active
recreation methods such as yoga, aerobic exercise, hydro-
therapy and team games. Instead, D. Boullosa et al. (2020)
highlighted endurance runners participating in recrea-
tional competitions, and the main topics are the distribu-
tion of training intensity (e.g., HIIT) and the adaptation of
training periodisation. It is worth noting that D. Boullo-
sa et al. (2020) addressed theoretical aspects, such as the
development of training and adaptation models, while the
present study has an experimental component focused on
short-term physiological changes in response to specific
methods of active recreation. A prospect for combining
the approaches is to include a long-term analysis of the
effects of the methods used in the context of endurance,
which could complement the findings of D. Boullosa et
al. (2020) on training strategies.

A study by E. D’Elia et al. (2019) highlighted the impact
of transition on athletes’ performance using two groups of
young female basketball players (U16 and U20). The focus
was on assessing changes in physical performance depend-
ing on training approaches: systematic training during
the transition period (U16 group) and no training at all
(U20 group). Both studies address the transition period, but
E D’Elia et al. (2019) emphasised the impact of the lack of
organised training and the importance of systematic work
to maintain and improve physical performance. F. D’Elia et
al. (2019) demonstrated that the U16 Group that continued
training showed significant improvements in performance
(p=0.004), while the U20 Group with a significant decrease
in activity showed no significant changes (p=0.075). In this
study, the emphasis is on active recreation (aerobic exercise,
yoga, hydrotherapy, team games) to improve physiological
parameters. Both studies confirm the importance of active
activities during the transition period to avoid detraining.
The study by F. D’Elia et al. (2019) analysed female basket-
ball players specialising in game sports, while the present
study examined athletes involved in anaerobic disciplines.
The methodology of E. D’Elia et al. (2019) focused on test-
ing coordination and speed skills, while the present study
assesses heart rate, lung capacity, lactic acid levels, muscle
strength and endurance.

S.L. Halson (2020) analysed different recovery meth-
ods for athletes, including hydrotherapy, active recreation,
compression garments, massage and stretching. The fo-
cus is on practical recommendations for elite athletes and
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potential mechanisms that influence physiological and
mental recovery. The main similarity is that both studies
emphasised the importance of adapted recovery strategies.
S.L. Halson (2020) emphasised an individualised approach
to recovery, considering the sport, training intensity and
external factors, while the present study focuses on the
evaluation of specific active recreation methods such as
aerobic exercise, yoga, hydrotherapy and team games. Both
approaches demonstrate that the right choice of methods
can significantly improve physiological performance, re-
duce fatigue and ensure readiness for subsequent exercise.
S.L. Halson (2020) discussed hydrotherapy (including cold
baths and contrast water therapy) in detail and found it
useful for recovery from high-intensity exercise. S.L. Hal-
son (2020) also emphasised the importance of compression
garments, which were not considered in this study. In ad-
dition, S.L. Halson (2020) emphasised such aspects as sleep
and nutrition that are critical to overall recovery but are not
analysed in this study.

The study conducted by I. Ketut-Yoda et al. (2024) and
the present study has common goals aimed at evaluating
the effectiveness of different recovery methods for athletes.
Both studies emphasise the importance of structured rec-
reation programmes in reducing fatigue and improving
athletes’ physiological state. I. Ketut-Yoda et al. (2024) dis-
cussed methods such as water therapy (hot-cold baths),
curcumin supplementation and high-intensity interval
training, while the present study focuses on aerobic ex-
ercise, hydrotherapy, yoga and team games. A common
aspect is the emphasis on physiological parameters that
reflect the effectiveness of recovery methods. I. Ketut-Yo-
da et al. (2024) emphasised the reduction of muscle fatigue
and inflammation, as well as improvements in power and
endurance. Both studies recognise the multidimensional
nature of recovery. I. Ketut-Yoda et al. (2024) used a pre-
dominantly observational method, analysing the available
data on different recovery techniques. In addition, they
addressed the use of additives (curcumin). Furthermore,
I. Ketut-Yoda et al. (2024) addressed a broader approach,
covering athletes from different sports disciplines, while
the present study focuses on anaerobic sports.

R. Braun-Trocchio et al. (2022) and the present study
demonstrated different approaches to the study of athletes’
recovery strategies. R. Braun-Trocchio et al. (2022) investi-
gated the effectiveness of recovery strategies among endur-
ance athletes, focusing on the physiological and psycholog-
ical aspects of recovery, such as hydration, sleep, nutrition,
and massage. Their study also highlighted gender differenc-
es in the use of these strategies, determining that women
were more likely to use active recovery techniques, such as
foam rolling and compression garments. The present study
focused on the effectiveness of specific active recreation
tools for maintaining fitness during the transition period of
the training process. The similarities lie in the importance
of recovery strategies for athletes, especially in the context
of increasing training efficiency and reducing the risk of in-
jury. Both studies emphasised the importance of personal-
ised approaches to recovery, although R. Braun-Trocchio et
al. (2022) emphasised the multidimensionality of recovery,
including social and behavioural aspects. R. Braun-Troc-
chio et al. (2022) conducted surveys and statistical analysis
of recovery practices, while the present study is based on an

experimental approach involving athletes in the practical
use of recreational methods.

S. Li et al. (2024) focused on the effectiveness of re-
covery strategies for endurance athletes, including passive,
active and proactive approaches, using various techniques
such as cryotherapy, compression garments and massage.
The authors noted the ambiguity of the research findings
and suggest improvements in methodology to reach more
consistent conclusions. For instance, although cryotherapy
and compression garments have shown positive effects in
some cases, neither strategy is fully effective for all recovery
parameters. It is also noted that the results are largely de-
pendent on the characteristics of the Group of athletes and
the experimental conditions. The similarities between the
studies lie in the emphasis on the importance of recovery in
endurance athletes and the conclusions about the ambigu-
ity of the effects of recovery strategies. The study by S. Li et
al. (2024) is an overview study, while the present study
conducted a more practical analysis focusing on specific as-
pects such as lactate levels, heart rate, and muscle soreness.
S. Li et al. (2024) covered a wider range of approaches, in-
cluding active and proactive recovery, while the other study
is more focused on passive methods.

P. Edholm et al. (2024) highlighted recovery strategies
for winter sports athletes preparing for the Olympic Games.
The focus was on personalised recovery methods such as
sleep management, nutrition, cold treatment interventions,
compression garments, and psychological support. The
study emphasised the importance of addressing the unique
physiological and psychological needs of athletes compet-
ing in low temperatures. The study also noted the limited
evidence base for the effectiveness of certain methods, such
as saunas or stretching, which are used without sufficient
scientific evidence. P. Edholm et al. (2024) focused more
on recovery in low temperatures and the impact of win-
ter sports on the physiological state of athletes, while the
present study is more general, covering various aspects of
endurance sports. In addition, P. Edholm et al. (2024) in-
tegrated elements of cognitive recovery and mental health
into their findings, which are less detailed in the present
study. Both studies emphasised the importance of an indi-
vidualised approach to recovery, but each address different
aspects depending on the specifics of the sports studied.

Maintenance of fitness, reduction of fatigue and im-
provement of the body’s adaptive abilities depend on effec-
tive recovery from physical activity. Scientists discovered
that aerobic exercise, hydrotherapy, yoga and team games
significantly improve the physical and mental well-being of
athletes. An integrated approach that incorporates the indi-
vidual characteristics and peculiarities of each sport facili-
tates recovery, increases training efficiency and reduces the
riskofoverload. Thisunderscorestheimportance ofusingev-
idence-based methods to maximise performance in sports.

Conclusions
Low-intensity aerobic exercises showed the best results
by all criteria. This indicates a significant improvement in
the state of the cardiovascular system among athletes of
Group A: the heart rate decreased by 8% in men and 7%
in women. In addition, lung capacity increased by 12%,
indicating an improvement in the functional capacity of
the respiratory system. The level of lactic acid in the blood
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decreased by 18% in both men and women, which is an
important indicator of effective muscle recovery after in-
tense anaerobic exercise. In addition, there was a 10% in-
crease in muscle strength and a 15% increase in endurance
according to the Cooper test. This information supports
the idea that aerobic exercise is a versatile and challeng-
ing strategy that improves the physical and mental state of
athletes. Yoga and stretching (Group C) were also effective,
with heart rates decreasing by 7% in men and 6% in wom-
en. This was particularly evident in the 15% improvement
in lung capacity. Lactic acid levels in Group C decreased by
17%, almost as much as in the aerobic exercise group. In
addition, this Group increased endurance by 13% and mus-
cle strength by 12%. This shows a significant improvement
in overall physical condition. Yoga, which combines physi-
cal exercises with breathing and relaxation techniques, sig-
nificantly improves the mental state of the athletes. Thus,
yoga is an effective means of holistic recovery that includes
physiological, mental and emotional components.
Hydrotherapy (Group B) significantly improved the
athletes’ recovery, especially in terms of reducing muscle
tension and increasing overall muscle tone. Group B partic-
ipants showed an 8% increase in muscle strength and a 10%

contributes to a quick recovery. Athletes who need to re-
duce muscle pain and improve local circulation can benefit
from hydrotherapy. Aerobic exercise and yoga were noted to
be more effective than hydrotherapy. Team games brought
significant social and emotional benefits, even though they
had the least impact on physical performance. Group D par-
ticipants showed a 7% increase in muscle strength and a 9%
increase in endurance. In addition, the level of lactic acid
in the blood decreased by 12%. Athletes who need emo-
tional support and seek to balance physical activity with
social elements may find this method particularly useful.

The main limitation is the relatively small sample of
participants, which may affect the generalisability of the
results. In addition, the study was conducted for only five
weeks, which does not assess the long-term effect of active
recreation methods. The study did not consider the indi-
vidual dietary habits of the participants, which could also
affect the results. Future research could focus on the effec-
tiveness of combined methods of active recreation. In ad-
dition, it is advisable to study the impact of these methods
on the psycho-emotional state in comparison with physical
indicators.

increase in endurance. At the same time, the level of lactic Acknowledgements
acid in the blood decreased by 15%, indicating that the re-  None.
covery process after exercise is accelerated. The main meth-
od of hydrotherapy was contrast baths. They improve blood Conflict of Interest
circulation and reduce inflammation in the muscles, which ~ None.
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BIKOPUCTOBYBa/Iacs €KCIepUMEHTaIbHa METOHO/IOTiA, KA BK/II0Ya/ia TECTYBaHHA BIIMBY YOTMPbOX METO/iB aKTMBHOI
pekpealiil: aepoOHUX BIIpaB, TifpoTepamil, OrM Ta KOMaHAHUX irop, Ha (¢isionoriuHi mapamerpu CIOPTCMeHIB. Y
TOCTiKeHH] Opany y4acTb 48 cnoprcMeHiB BikoM Bif 20 mo 30 pokiB, ki Oy ofiIeHi Ha YOTVPY PiBHOLIIHHI IpyIIN.
BuMiproBaHHSA TPOBOAMINCA [0 MOYATKYy €KCIIEPMMEHTY Ta IiC/A JOTo 3aBepUIeHHA B CTaHJAPTU30BaHUX YMOBaX.
Pesynmpratyi HOCHIPKEHHs IIOKasaly, IO BCI METOAM aKTMBHOI peKpeamil CIpuUsM MOKpaljeHHIO (isiomoriuamx
apaMeTpiB CIOPTCMEHIB, OGHAK HayBUILY e(eKTUBHICTb TPOIEMOHCTPYBa/IN aepoOHi BIIpaBy Ta ifora. Aepo6Hi BipaBu
3abesIednIy 3HaYHe 3HVDKEHHA YaCTOTH CEpPIeBUX CKOPOYEHDb y CTaHi CIIOKOI0 Ha 8 % Y 4O/oBikiB i 7 % y KiHOK, a
TaKOXX MifIBUILEHHSA >XUTTEBOI EMHOCTI nereHb Ha 15 %. Kpim Toro, 11eit MeTop, IpofieMOHCTPYBaB CyTTEBE MOKPAILleHHA
BUTPUBAJIOCTI: Bi/ICTaHb, MOfl0NIAHA CIIOPTCMeHaMu 3a TectoM Kymiepa, s6inbimnacs Ha 15 %. Vora cnpusia sHaqaHOMY
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Abstract. The study aimed to analyse the peculiarities of training athletes in preparation for an ultramarathon race. The
study addressed the three phases of preparation for sports competitions — transition and recovery, the central training
phase and the main competitive phase - and included a sample of 174 participants from Europe and other countries.
The study revealed physiological and psycho-emotional characteristics of ultramarathon participants that distinguish
them from participants in races at different distances and determine the peculiarities of the training process. These
features include a lower body mass index of ultramarathon runners and an active desire to reduce it to achieve better
results, a higher average age of ultramarathon participants, previous experience in other sports, and the integration of
certain sports, mainly summer sports, into the process of training for a long-distance race. Based on the profiles of 65
participants who were preparing for an ultra-marathon race, the following training strategies were analysed: preliminary
analysis of an athlete’s profile to individualise training efforts; planning a sports season with three phases of training
(recovery, preparation and competition) or a double training cycle; a combination of continuous low-intensity running
and interval training; use of tracks with different surfaces to adapt to mechanical stress; parallel training in other sports
to improve athletes’ stability and endurance skills; ensuring long and quality sleep to prevent cognitive and psycho-
emotional exhaustion of the competitors. The recommendations can be applied to the further development of the

marathon movement in the country and abroad

Keywords: sports season; athlete’s profile; endurance; oxygen saving; anthropometric indicators; motivation

Introduction

Running, including ultra-marathon distances, is not just a
form of physical activity, but also a life philosophy that has
received support and has been popularised internationally.
The popularity of running is driven by the public demand
for a healthy lifestyle and personal growth. To avoid con-
tradictions, it should be noted that any distance exceeding
42 km 195 m is considered an ultramarathon. There are two
types of ultramarathon competitions: time and distance. In
the first type of competition, the winner is the participant
who covers a certain distance in the shortest possible time,
and in the second, the winner is the one who covers the
longest distance. Although there are no clear limits for ul-
tra-marathon competitions, the most popular distances are
50 km and 100 km. Among the world’s leading ultra-mar-
athon runners are Ukrainian athletes, including M. Ostro-
vska, whose 100 km record of 7:56:33 has been held for
over 26 years. Another record holder is Ukrainian athlete
S. Yanenko, who in 1997 ran the 100 km course at 6:25:25
and won the World Championship (IAU records, n.d.).
Thus, the Ukrainian sports segment has sufficient potential

for setting new records, the disclosure of which largely de-
pends on effective training for ultra-marathon distances.
B. Knechtle et al. (2024) highlighted the growing popu-
larity of ultra-marathon competitions, which have replaced
short-distance competitions. Confirmation of this opinion
was also discovered in studies conducted around the world
since 2020. The first researchers emphasised the emergence
of different types of ultra-marathon runners, including
amateur and recreational runners. After analysing a sample
of 1,149 Brazilian athletes, M. Thuany et al. (2020; 2022)
concluded that belonging to one of these types determines
the volume and frequency of training per week, training
motivation and body mass index (BMI). According to
D. Tanous et al. (2022), the motivation, and, accordingly,
the peculiarities of preparation for competitions, are de-
termined by the athlete’s gender. Analysis of a sample of
210,455 runners aged 18 to 86 concluded that in contrast to
male athletes who are more focused on the result, such as
covering the distance in the shortest possible time. Female
athletes pay more attention to such aspects of preparation
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for competitions as belonging to a sports movement and
running as a meaning of life (Motevalli et al., 2022).

A detailed profile of an ultramarathon competitor
was also proposed by B. Knechtle & P.T. Nikolaids (2018),
who compared the typical profile of marathon and ul-
tra-marathon runners. According to the experts, a typical
ultra-marathon runner is an educated male and aged 45
years or older. A typical representative of the ultra-mara-
thon movement also has anthropomorphic features such as
a low BMI and low body fat. In addition to these charac-
teristics, the researchers also examined the training char-
acteristics of ultra-marathon runners in comparison with
other categories of runners. According to B. Knechtle &
PT. Nikolaids (2018), training for ultra-marathon run-
ners is characterised by a higher volume and higher speed.
Confirmation of this opinion was found in the study by
D. Boullosa et al. (2020), who analysed the existing train-
ing practices of ultra-marathon runners and concluded
that they are characterised by a weekly run of more than
70 km. Thus, creation of a detailed profile of an ultra-mar-
athon runner can determine the specifics of their training
and plan training in such a way as to achieve high results
with minimal risk to the health and well-being of athletes.

T. Haugen et al. (2022) emphasised that the main goal
of training athletes for a long-distance race is to improve
three main indicators: maximal oxygen uptake (the rate at
which the body can absorb and use oxygen during stren-
uous exercise), partial utilisation (i.e. the body’s ability to
maintain a high percentage of oxygen during running)
and oxygen saving at a given submaximal running speed.
According to K. Papadimitriou (2024), the effectiveness
of efforts to improve these indicators depends on several
factors, including whether athletes are professional or am-
ateur. According to M. Besomi et al. (2019), the training
of ultra-marathon runners depends on previous achieve-
ments, availability of training time, possible injuries, etc.
Since the training of ultra-marathon runners involves
many variables, there is no single training protocol that
can guarantee consistently high results. Given the lack of
a universal training protocol for athletes, the study aimed
to analyse the characteristics of runners in preparation for
ultramarathon distances. Based on the analysed features,
effective strategies for training runners for ultra-marathon
distances were identified and ways of their implementation
were proposed depending on the type of athlete.

Materials and Methods
The periodisation of athletes’ preparation for marathon
and ultra-marathon competitions, which involves a three-
phase preparation for participation in an ultra-marathon:
transition & recovery, central preparation phase and main
competitive phase, was used as the material for the analysis.
At each of these stages, the following parameters were re-
corded: the number of training sessions per week; the num-
ber of km covered per week; the number of hours allocated
for training. The data obtained through an online survey of
athletes who provided informed consent to participate in
the study, which was conducted in March 2024, were also
used as materials. The survey was conducted using Google
Forms tools to quickly collect and statistically process the
data. The link to the online survey was sent to the email
address provided during registration for the study and was

active for 4 weeks from the date of sending. The survey par-
ticipants were asked to answer 30 questions, which were
divided into four semantic sections.

The first section contained seven questions aimed at
collecting demographic and anthropometric information
about the participants, including their age, gender, motiva-
tion for training, BMI and height. The second section of the
questionnaire contained ten questions aimed at identifying
macro-habits that determine the training regime of the
participants. The questions asked in this section concerned
the duration of preparation for the main competition, the
specifics of training management and parallel participation
in other sports activities. The third section contained six
questions to identify the peculiarities of training runners at
different stages of preparation for competitions. The ques-
tions in this section concerned the number and duration
of weekly sessions at different stages of training. In the last
section of the questionnaire, the participants were offered
seven questions about the peculiarities of nutrition as an
element of preparation for sports competitions. Questions
were asked about dietary habits, dietary compliance during
preparation for competitions, assistance in diet prepara-
tion, and the risks of overeating. The surveys were conduct-
ed in compliance with the requirements of The Declaration
of Helsinki (2013). Participants were guaranteed anonymi-
ty, which involved coding confidential data and refusing to
use it in the final version of the study.

Participants who met all the inclusion criteria and
whose information was cleared by data cleaning were eli-
gible for the cross-sectional study. The following inclusion
criteria were applied to potential study participants: pro-
viding informed consent to participate in the study; age
18 years or older; completing an online survey; successful
participation in a running event, including a half marathon
or ultramarathon, no later than two years before the study.
Participants were also asked to select an ultramarathon
event in which they were willing to participate within 6
months of participating in the study.

At the initial stage of selection, 250 candidates applied
to participate in the study, 76 of whom did not meet the
selection criteria and were excluded from the final sample.
Candidates were excluded from the sample for the follow-
ing reasons: did not provide information about their age
(6); did not provide information about a possible conflict of
interest (48); did not provide information about a personal
dietary regimen (22); BMI = 30-3. Thus, the final sample
consisted of 174 participants (N=174) who, according to the
results of the survey, were identified as participants of half
marathon competitions (n=32), participants of ultramara-
thon competitions (n=76) and participants of 10 km races
(n=66). Participants belonging to the ultramarathon group
were further divided into subcategories depending on the
distance they ran. In the analysed sample, the shortest ultra-
marathon distance was 50 km, and the longest was 160 km.

The study participants were offered a 5-point scale for
assessing heart rate. The proposed scale is based on an un-
derstanding of the mechanism of heart rate, in particular,
the idea that a slow heartbeat in response to an increase
in the intensity of physical activity is a sign of exhaustion.
Thus, the participants were asked to assess the level of ex-
haustion after a week of training on a 5-point scale, where
“1” meant the lowest level of exhaustion and “5” meant the
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highest. The athletes’ self-assessment data were collected
weekly for one month and used to calculate the median
value for each group of participants. The statistical analysis
of the collected data was carried out using the y* test:

2 _ X(0i-Ep?
=5 o (1)

where O, - observed (actual) value; E, - expected value.
Participants completed three self-assessment forms that
were used to analyse the following parameters: mood, mo-
tivation and sleep quality, perceived effort and heart rate.
At the end of each training week, participants were asked to
rate these parameters using a 5-point Likert scale, with “1”
indicating the lowest level of satisfaction with the aspects
under study and “5” indicating the highest level of satisfac-
tion. Participants were also asked to rate their efforts on a
10-point Likert scale. Participants were advised to choose
“10” if they deemed that their running pace or power was
fully consistent with the level of effort they expended, or
“1” if it was completely inconsistent. Scores from 2 to 9,
inclusive, were used to more accurately indicate the level
of correspondence or inconsistency between the pace and
power of running and the effort expended.

Results

Of the 174 participants whose questionnaires passed the
data cleaning stage and were eligible for further study,
79 were women and 95 were men. The median age of the
participants was 38.5 years, and the median body weight
was 65 kg. The median BMI of the study participants was
21.7 kg/m* Most study participants were from Austria
(n=69) and Germany (n = 52). Another 11 participants
were from Belgium, the Netherlands, Brazil, Canada, Ita-
ly, Luxembourg, Poland, Spain, and the United Kingdom.
A significant difference (p =0.008) in the median age of
the study participants identified as half marathoners, ul-
tra-marathoners and 10 km participants was documented.
The oldest in the sample were marathon and ultra-mara-
thon runners, with a median age of 44 years.

There were also significant anthropomorphic differ-
ences among runners at different distances. There was a
significant difference (p =0.007) in body weight: the high-
est median weight was 62 kg and was recorded for runners

on 10 km distances. A statistically significant (p = 0.007)
difference was also observed among different groups of
athletes: the tallest were marathon and ultra-marathon
runners, whose median height was 1.8 m. When analysing
the results of the survey, a statistically significant difference
was also observed between the motive for training and be-
longing to a particular group of runners (p <0.001). Among
10 km runners, the predominant motive was health, which
was chosen by 54% of respondents. For 64% of the half
marathon runners who took part in the survey, recreation
was the key motive for running and participating in com-
petitions. Marathon and ultra-marathon runners mostly
(58%) trained and participated in competitions to achieve
high results. Thus, there was a significant difference in the
motivation of the study participants, which was reflected in
the choice of a particular distance for the race.

There was, however, no statistically significant rela-
tionship between the following variables: participants’ edu-
cation and choice of the race distance (p=0.177), social sta-
tus and choice of the race distance (p=0.744). The analysis
of demographic variables revealed that one-third (34%) of
the study participants had vocational or vocational-tech-
nical education, and another third (32%) had a university
degree. That is, it can be argued that the level of education
is one of the factors that influence the motivation to en-
gage in sports running but does not determine the choice
of a specific type of physical activity. Analysis of the social
status of participants revealed that most participants (69%)
were married or living with a permanent partner, 6% were
divorced, 2% were widowed, and another 23% chose not to
disclose their social status. Given the analysis of the social
status of the study participants, it is possible to assume that
being married or living with a permanent partner can be a
factor in participation in training and sports competitions
but does not have a statistically significant impact on the
choice of a specific type of sports activity. Table 1 docu-
ments the macro habits associated with participants’ train-
ing, including the duration of training for sports competi-
tions, training management and concurrent participation
in other competitive sports.

The study examined the peculiarities of training runners
for different distances by the phases of preparation. The re-
sults of the comparative analysis are presented in Table 2.

Table 1. Macro habits that determine the training regime of the study participants

General 10km Half marathon Marathon/ultramarathon .
Parameters Statistics
100% (n=174) 37.9% (n=66) 18.4% (n=32) 43.7% (n=76)
Duration of preparation for the main competition

1-2 months 17% (30) 17% (11) 22% (7) 12%(9)

3-4months 56% (97) 51% (34) 61% (20) 56% (42)

4-6 months 21% (37) 23% (15) 13% (4) 26% (20) Xi/[m_] 0231

7-8 months 3% (5) 4% (3) 4% (1) 2% (2) p=0638

9-10 months 1% (2) 2% (1) - 1% (1)

>12 months 2% (3) 3% (2) - 3% (2)

Training management
Without guidance 77% (134) 73% (48) 73% (23) 85% (65) =429

Professional guidance 15% (26) 18% (12) 19% (6) 7% (5) V=009
Alternative leadership 8% (14) 9% (6) 8% (3) 8% (6) p=0371
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Table 1, Continued

Parameters

General

10 km

Half marathon

Marathon/ultramarathon

100% (n=174)

37.9% (n=66)

18.4% (n=32)

43.7% (n=176)

Statistics

Parallel participation in other sports

Downhill skiing

15% (26)

10%(7)

17% (5)

18% (14)

Xy = 048
V=003
p=0.785

Nordic skiing

11% (19)

7% (5)

14% (5)

11% (8)

Xy =139
V=008
p=049

Backcountry

5%(9)

1% (1)

6% (2)

7% (5)

X = 5.90
V=017
p=005

Snowboarding

7% (12)

3% (2)

11% (4)

6% (5)

X, =136
V=006
p= 0509

Cycling

49% (85)

46% (30)

48% (15)

52% (40)

Xy =101
V=0.05

p=05

Running on a track/hill

32% (56)

17% (11)

29% (9)

49% (37)

Xy =13.23
V=021
p=0001

Swimming

28% (49)

29% (19)

31% (10)

24% (18)

Xy =305
V=013
p=0.22

Hiking

32% (56)

26% (17)

35% (11)

34% (26)

X, = 0.38
V=005
p=0830

Triathlon

16% (28)

12% (8)

18% (6)

19% (14)

Xy = 051
V=005
p=078

Source: compiled by the author

Table 2. Peculiarities of training runners at different stages of preparation for the competition

FraRnaney Units Overall 10 km Half marathon Marathon/ultramarathon
100% (174) 34% (22) 38% (12) 29% (22)
Sessions 3(R1) 2(R2) 2(R1) 3(IR2)
Weekly km 216+19.1 179+12.6 18.5+14.96 33.1£26.2
Hours 1.79+1.01 1.1£0.85 1.01+0.95 1.85+1.55
Daily km 8.01+5.93 6.48+4.35 6.5+6.65 9.20£65
Hours 0.25+0.22 0.24+0.18 0.250.22 0.35£0.25
Sessions 3(IR2) 3(IR2) 3(IR2) 4(R2)
Weekly km 31.0+25.01 249+19.2 25.8+237 441+321
Hours 453+3.8 39+295 41035 6.70 £ 4.48
Daily km 9.1+6.71 8.01+5.65 8.3+75 109+£6.71
Hours 0504 0.4+0.25 0.38+0.35 05031
Sessions 3(R2) 3(R2) 3(R2) 4(IR2)
Weekly km 328285 276215 30.6£26.5 48.2+34
Hours 49+41 4132 45+375 71+4.95
Daily km 95+735 8.51+6.6 8.9+8.35 21.1+71
Hours 0.51+0.33 0.39:0.3 0.41+0.39 0.61+0.35
Training condition 3 (interval training, tempo, special focus on competition, moderate to high intensity)
Sessions 4(IR2) 3(IR2) 3(IR2) 4(IR1)
Weekly km 373+315 29.3+22.8 329+291 53.5+41.1
Hours 5.75+4.65 465+35 51+4.35 8.5+6.35
Daily km 10.2+8.1 9.1+6.5 9.8+95 13.1+72
Hours 05+0.35 0.4+0.25 0.45+0.4 05+03
Sessions 4(IR2) 3(R3) 4(IR1) 4(IR2)
Weekly km 396+36.1 309+271 36.2+35.8 57.2+44.1
Hours 6155 48+3.8 5452 91+67
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Table 2, Continued

e Units Overall 10 km Half marathon Marathon/ultramarathon

100% (174) 34% (22) 38%(12) 29% (22)

Daily km 10.8+85 95+78 111+85 145+89
Hours 0504 0.44+0.37 0504 0.7+0.45

Sessions 3(R2) 3(R3) 3(R3) 4(IR2)

Weekly km 325+28.1 258211 280251 48.2+351
Hours 45+39 36+29 40+3.45 6.5+4.8

Daily km 95+85 8987 9195 11.5+87
Hours 05+04 0.4+04 0405 05+04

Note: IR - inter-quarterly range
Source: compiled by the author

Based on the data in the tables, it is possible to state
that there are no significant differences in the training mac-
ro-habits of the athletes included in the sample. In particu-
lar, the average duration of preparation for major compe-
titions for all groups of participants was 3-4 months. Most
athletes (77%) trained independently, i.e., without any pro-
fessional supervision. Many athletes reported a willingness
to combine training for running competitions with other
sports. Among the study participants, however, summer
sports such as cycling (49%), track running (32%), swim-
ming (28%), hiking (32%) and triathlon (16%) were much
more common than winter sports such as snowboarding
(7%), alpine skiing (15%), Nordic skiing (11%) or back-
country skiing (5%). Thus, practising other sports, espe-
cially summer sports, in parallel with training for running
competitions is a common practice among the surveyed
athletes, but it does not have a statistically significant im-
pact on the choice of race distance. The only exception was
the statistically significant (p=0.001) relationship between
running on a track or hill and the choice of race distance.
The choice of this sport as a parallel physical activity was
chosen by 46% of marathon and ultra-marathon runners in
preparation for the competition.

After analysing the data from Table 1, the participants
who chose to participate in marathon and ultra-marathon
races were asked to explain their choice of running on a

track or hills as a parallel physical activity In response to
the questions, 53% of marathon and ultra-marathon run-
ners said that the activity chosen as a parallel sport in-
creases their endurance, i.e. the ability to perform a certain
activity, such as running, for a long time. For 19% of mar-
athon and ultra-marathon runners surveyed, running on
a track or hills was a way to train the economical use of
oxygen, which is a key factor in a successful race. Based on
the results, hill or track running can be suggested as one of
the strategies for training for ultra-marathon events.

Having analysed the peculiarities of athletes’ training at
different stages of preparation for sports competitions, the
researcher noticed significant differences between the main
aspects of training — the number of training sessions, km
and hours - among all groups of athletes. A comparative
analysis revealed that the athletes who chose to participate
in marathon and ultra-marathon races chose the longest
distance for training and its hourly weekly duration. Com-
pared to other participants in the study, athletes who chose
marathon and ultra-marathon events spent more time on
daily training and chose to cover more distance for such
training. Thus, significant differences were documented in
certain aspects of the training regime of athletes who chose
to participate in a marathon or ultra-marathon race. The
results of the participants’ weekly self-assessments are pre-
sented in Table 3.

Table 3. The well-being of the study participants during the 4-week training process

10 km Half marathon Marathon/ultramarathon
Parameters (n=91) (n=89) (n=65)
T1 T.2 13 T4 | mean | T1 T.2 T3 T4 | mean | T1 T.2 T3 T4 | mean
Mood, motivation, -, |, | 55 | 35 395 4 | 39 | 39 39 | 3925 39 41 | 41 | 42 | 4075
sleep quality
Tangibility of effort 45 45 4.3 4.2 4.375 39 41 41 4 4.025 3.8 4.2 4.2 45 4175
Heart rhythm 9 9 8.7 85 8.8 8.7 8.8 9 91 89 8.7 8.8 91 9 89
Note: T — week

Source: compiled by the author

Based on the results of the comparison presented
above, the median level of mood, motivation and sleep
quality was higher in participants who trained for mara-
thon and ultra-marathon races (4.075) than in participants
who chose to run a 10 km race (3.925) or a half marathon
(3.925). It is possible to argue that training for participation
in marathon and ultra-marathon events is one of the fac-
tors that improves the psycho-emotional state and overall
quality of life. The groups of participants also differed in

terms of the level of effort they exerted during training and
the results obtained, which were manifested in the pace and
power of running. The highest median compliance, 4.375,
was recorded among the participants who chose to train for
a 10 km race. The median level of perceived effort among
participants preparing for marathon and ultramarathon
competitions was 4.175 and exceeded the median level of
perceived effort among representatives preparing for half
marathon competitions (4.025).

‘ 68 Theory and Practice of Physical Culture and Sports, 2024, Vol. 3, No. 2



Polishchuk

The table also shows that the lowest median heart
rate responsiveness of 8.8 points was recorded in the par-
ticipants who were preparing for a 10 km race. The me-
dian level of heart rate responsiveness was the same and
amounted to 8.90 points for participants preparing for a
half marathon and a marathon/ultra-marathon race. Based
on the data collected, it is possible to argue that the peculi-
arities of training for marathon and ultra-marathon races,
including the frequency of training, its intensity and the
choice of sport for parallel training, affect the insistence,
quality of sleep and motivation to train, increase the per-
ception of the efforts made and improve the responsiveness
of the heart rate, reducing physical fatigue. Based on the
results obtained, the researcher conducted an additional
observation of the participants of the third group to iden-
tify the peculiarities of training runners in preparation for
ultramarathon competitions.

The observation determined that preparation for com-
petitions can begin long before the event itself and be con-
ditioned by the runner’s previous sporting achievements.
In the analysed sample of participants preparing for mar-
athon and ultra-marathon races, 64% had previously been
involved in other sports, including swimming, martial arts,
hiking, etc. About half of the surveyed respondents contin-
ued to engage in other sports while training for marathon
and ultra-marathon races. It was also found that in 76% of
cases, the application for participation in national or inter-
national marathon or ultra-marathon races was preceded by
years of training and participation in lower-ranked compe-
titions. Among the surveyed participants, the average dura-
tion of training for national or international competitions
was 7 years. Based on the analysis, it is recommended to start
training participants for marathon and ultra-marathon rac-
es with a comprehensive assessment of their level of training,
including an analysis of their previous sports experience.

Another training strategy based on the observation of
athletes preparing for marathon and ultra-marathon races
is to divide the training period into separate cycles that dif-
fer in duration and intensity. Table 1 shows that the period
of preparation for a competition lasts on average 12 months
and includes stages of varying intensity. The analysis of the
table data, as well as the observation of athletes planning to
take part in marathon and ultra-marathon races, was used
to identify three main phases: the transition period, the
preparation period and the competition itself. The transi-
tion period is the first stage of training that begins imme-
diately after the end of the previous competition season. In
the analysed sample, the average duration of the transition
period was 3 weeks, during which athletes either refused to
train at all or switched to health training, including low in-
tensity running. Given the duration, the transition period
can be identified as a micro-phase of the overall process of
preparation for competition.

The longest stage is the preparatory stage, which for
the analysed sample participants averages 7-8 months. Giv-
en the length of the preparatory stage, it is usually divided
into two phases: general and special training. At the general
training stage, priority is given to the volume of training,
the increase of which allows to create an aerobic basis for
increasing the endurance of marathon runners. At the stage
of specialised training, the volume of training exercises is
reduced, with more attention paid to exercises aimed at

improving individual skills maintaining the intensity of the
race pace. In other words, the presented model of training
for marathon and ultra-marathon competitions involves a
sharp change in the intensity of training before the race.
This model of preparation for competitions was recorded
in 63% of participants who expressed a desire to take part
in a marathon or ultra-marathon race.

About a third (28%) of the analysed athletes planned
their preparation for competitions considering the double
periodisation. The main difference between this training
system and the one described above is the existence of two
peak phases. Given this periodisation, a sporting year con-
sists of a preparatory phase, an indoor or running season,
another preparatory period and an outdoor season. Al-
though this training scheme was quite common among the
analysed participants, most of them (71%) used a slightly
simplified version of it. This simplified version was that the
participants considered participation in the first season of
the competition as preparation for the final season. Accord-
ingly, the courses chosen by the participants for the first
season were shorter than the courses chosen for the final
competition. This idea is illustrated by the fact that 15% of
the participants who expressed a desire to take part in half
marathon events also planned to take part in the marathon
and ultra-marathon races at the end of the sporting year.

For 82% of the study participants preparing for mara-
thon and ultra-marathon races, training involves alternat-
ing between various forms of long continuous running and
interval training. The so-called “light” or “recovery” runs
are part of the training process for 67% of participants, es-
pecially during the transitional stage of training. Based on
the observations of this category of participants, it can be
concluded that low physical activity during the transition
period provides a sense of recovery and increases motiva-
tion for systematic training at other stages of training. The
results of the observation also suggested that the accumu-
lated volume of low intensity running stimulates adaptation
to economical running, which is an important prerequisite
for participation in marathon and ultra-marathon races.

Observing participants preparing for marathon and ul-
tra-marathon races also revealed the specifics of training to
maximise the volume of training. The study discovered that
67% of participants use the 80/20 method, planning their
training in such a way that 80% of the race takes place on
dirt or forest trails, and 20% on asphalt tracks. By choosing
such a training regime, the competitors try to increase the
mechanical load, thus maximising the amount of training.
Based on the results of the survey, 82% of the participants
of marathon and ultra-marathon competitions paid at-
tention to the peculiarities of the surface when planning
their training, including its periodisation. Given that most
races are held on paved roads, marathoners plan runs of
increasing duration on asphalt or other hard surfaces. In
addition to the periodisation already analysed, the study
participants’ preparation for marathon and ultra-marathon
races included two key stages of different lengths. The first,
and longest, stage involved training on dirt or forest trails
to accumulate the volume of running, thus preparing the
body for increased load. In the second stage of training, the
study participants trained on asphalt tracks to familiarise
themselves with the features of the surface on which the
competition was held.
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The dietary patterns of the participants in the prepa-
ration for the race at different distances were analysed. Of
the 174 participants who provided information about their
dietary patterns, 8 (4.6%) identified themselves as vegetar-
ians, whose diet included a limited list of animal products
(e.g. dairy products), and in rare cases, fish and seafood.
Another 2 (1.1%) of respondents identified themselves as
vegans, who completely excluded animal products from
their diet and whose diet consisted mainly of fruits, veg-
etables and cereals. The overwhelming majority (94.3%)
of respondents included both plant and animal products
in their dietary patterns. About 94% of respondents who
included protein products in their diet preferred lean pro-
tein contained in fish and poultry. The consumption of fat-
tier meat, such as pork or beef, was limited to 1 (68.3%)
or 2 (31.7%) times a week. In 87% of cases, the analysed
dietary patterns were considered to be balanced with foods
belonging to four main categories: fruits and vegetables as
a source of vitamins, minerals and antioxidants; lean pro-
teins, the main source of which is fish, poultry, legumes,
lentils and tofu cheese; healthy fats, contained in olive oil,
avocados and nuts; and healthy carbohydrates, the source
of which is rice, wholemeal bread, pasta and oatmeal.

Only 23% of respondents sought professional advice in
creating their dietary plans, while 77% created independent
plans. Participants who developed independent nutrition
plans used a variety of information sources, including the
most common: advice from other athletes (64%), Internet
materials (58%), information from professional newspa-
pers, magazines, etc. (31%), and research data (12%). Most
participants (71%) used information from several sources
after comparing them. Preparation for sports competitions
for 67% of the study participants involved changes in die-
tary patterns and limited consumption of certain foods to
reduce body weight. Changes in dietary patterns in prepa-
ration for competitions were observed in 56% of marathon
and ultra-marathon participants and 44% of 10 km run-
ners. In 83% of cases, changes in the dietary pattern began
2 months before the start of the sporting event. Cases of
changes in the dietary pattern earlier (8%) or later (9%)
than 2 months before the competition were less common,
indicating that athletes systematically prepare for sports
competitions. Despite a balanced approach to diet, 17%
of participants admitted to overeating, especially in the
week prior to the sporting event. Occasional overeating
was more common among marathon (23%) and ultra-mar-
athon (31%) participants than among 10 km participants
(46%). This difference can be attributed to a higher number
of marathon and ultra-marathon participants who restrict
their diet before sporting events.

Thus, the study demonstrated that the peculiarities of
training runners for marathon and ultra-marathon dis-
tances differ from the peculiarities of training participants
of 10 km or half-marathon races. One of the characteristic
features of marathon training and half marathon competi-
tions was parallel training in other sports, mainly summer
sports. Unlike participants of shorter distance races, partic-
ipants of marathon and ultra-marathon competitions had
previous experience in other sports, which they relied on
in the preparation process. A characteristic feature of the
training of participants in marathon and ultra-marathon
races was also the periodisation of the training process,

which most often included a recovery period, preparation
for the competition and direct participation in the compe-
tition. Some participants used a double periodisation, how-
ever, given the competition distances and the amount of
load, this periodisation was less common in the study sam-
ple. In addition to these features, the process of preparation
for marathon and ultra-marathon races included alternat-
ing running on dirt or forest tracks to increase the volume
of training and running on asphalt tracks to study the char-
acteristics of the surface on which the competition is held.

Discussion

The conclusions made in this study regarding the psycho-
physiological characteristics of marathon and ultra-mara-
thon runners were partially confirmed in previous studies
by A.M. Armento et al. (2023), who analysed a sample of
59 participants preparing for a 10 km race, a half marathon
and a marathon or ultra-marathon. Based on the data ob-
tained, the researchers concluded that certain physiological
characteristics, such as weight and BMI, of marathon and
ultra-marathon participants differed from those of partici-
pants in races at other distances. A significant characteristic
of marathon and ultra-marathon participants was that they
tried to control their body weight to achieve optimal perfor-
mance using diet and other means. However, in contrast to
marathon competitors, ultra-marathon runners were more
likely to report binge eating in the four weeks before the race.

The difference between ultra-marathon and other dis-
tance runners exists not only at the level of individual sys-
tems but also at the cellular level, as was shown in Z. Wicik et
al. (2023). To confirm their hypothesis, the researchers an-
alysed plasma samples from 22 ultramarathoners before
and after the competition. Using Mann-Whitney analysis,
the researchers identified 1,601 active metabolites with at
least twofold downregulation after high-intensity running.
Based on these findings, the researchers concluded that a
twofold increase in metabolites after running is a potential
marker of acute physical exertion, which may be closely as-
sociated with cardiovascular disease. Thus, it can be argued
that training for and participation in ultra-marathon races
can have an impact on the health of athletes, which was also
concluded by K. Wirnitzer et al. (2022).

This idea was confirmed by V. Scheer & D. Rojas-Val-
verde (2021) in a secondary analysis of scientific papers
published since 2016. According to the researchers, partic-
ipation in marathon and ultra-marathon events does not
pose a greater threat than participation in races at other
distances but is associated with an increased risk of certain
long-term effects on the overall health of athletes. Analys-
ing the available data, scientists have concluded that such
long-term risks include the following cardiovascular dis-
eases associated with acute changes in biomarkers of car-
diac damage, ventricular dysfunction, myocardial remod-
elling, etc.; acute kidney disease; severe muscle damage
that may be asymptomatic for some time; and respiratory
diseases caused by chronic airway inflammation, including
exercise asthma, acute bronchial epithelial cell damage,
respiratory muscle fatigue, etc. According to V. Scheer et
al. (2021), who analysed data from 218 academic sources
published over the past 35 years, the highest risk of these
diseases is observed among young athletes and women.
Similar conclusions were drawn by N. Sewry et al. (2024),

‘ /0 Theory and Practice of Physical Culture and Sports, 2024, Vol. 3, No. 2



Polishchuk

who analysed data from 103, 131 participants in the 90 km
Friendship Run between 2014 and 2019 and concluded that
women are at a higher risk of seeking medical care as a re-
sult of participating in a marathon race. The cited studies
partially confirm the opinion proposed in this paper on the
need for a detailed analysis of the profile of athletes, includ-
ing age, gender and previous experience, before planning
preparation for participation in marathon and ultra-mar-
athon events. Understanding the factors that influence the
physical condition of athletes and determining the out-
come of competitions helps to plan training in such a way
as to minimise the existing risks.

According to the study, the psycho-emotional state of
athletes is as important as the physical state for maximising
efforts in marathon and ultra-marathon races. Confirma-
tion of this opinion was found in the study by P.T. Nikolaid-
is et al. (2023), who conducted a secondary analysis of 49
sources published since 2016 and concluded that there was
a statistically significant positive relationship between sleep
duration and quality and athletic performance. Similar
conclusions were reached by N.V.S. Daniel et al. (2024),
who analysed the relationship between sleep quality and
performance in a sample of 38 ultra-marathoners over a
distance of 217 km and 59 support team members. The
clinical study indicated that sufficient, high-quality sleep
increased the athletes’ chances of reaching the final of the
competition. Both studies cited, however, highlighted the
fact that, compared to shorter-distance runners, ultra-mar-
athon competitors are at increased risk of sleep deprivation,
a condition that can last for several days before the event.
Further analysis revealed some contradictions between
previous studies and the data presented in this paper. In
the current study, for example, participants in ultramara-
thon competitions had a higher median level of sleep qual-
ity than participants in shorter distances. This discrepancy
can be explained by the fact that the present study was con-
ducted a long time before the competition, meaning that
the participants did not yet experience any excitement that
could affect their sleep quality.

The study, however, fully coincides with the results ob-
tained by M. Kazimierczak et al. (2020), according to which
the psycho-emotional state of athletes is closely related to
their physical condition and affects their sports perfor-
mance. The conclusions drawn from the analysis of the data
of the participants of the Karkonoski Winter Marathon in
Poland confirm the need for an integrated approach to the
preparation of athletes for participation in marathon and
ultramarathon races, as stated in this paper. Comprehen-
sive training of athletes can significantly reduce the risk
of premature fatigue, which is formed under the influence
of a combination of factors of different natures. This opin-
ion has also appeared in previous studies, for example,
A. Garbisu-Hualde & J. Santos-Concejero (2020) studied
the nature of fatigue in a sample of 1,002 participants who
had experience in racing at different distances. According
to scientists, fatigue, which can lead to withdrawal from
competitions or poor performance, is the result of not only
physiological but also neuromuscular, biochemical, and
cognitive exhaustion. Thus, when training runners, it is
important to consider various negative factors that have a
potential impact on the result and plan strategies to mini-
mise their impact.

Some of the training strategies proposed in this study
were confirmed in previous studies, including C. Lla-
nos-Lagos et al. (2024). A comparative analysis of studies
that included 195 moderately trained, 272 well-trained and
185 highly trained athletes proved the high efficiency of
plyometric training compared to the constant use of high
or moderate load. According to the researchers, the use of
exercises during which the muscles exert maximum force
in a short period allows for an increase in speed and power
capacity, i.e., improves the runner’s endurance. The pro-
posed strategy of training athletes coincides with the rec-
ommendations proposed in this study to focus on training
stability and endurance of athletes who plan to participate
in marathon and ultramarathon competitions. Thus, previ-
ous studies partially or fully support the recommendations
for comprehensive training of participants in marathon
and ultramarathon races. Such preparation includes a de-
tailed analysis of the competitor’s profile to individualise
training strategies; accounting for both physiological and
psycho-emotional aspects of training and alternating exer-
cises of varying intensity to increase the runner’s stability
and endurance.

Conclusions

The main characteristics of the training process are in-
creased mileage (more than 70 km per week), an empha-
sis on oxygen conservation and low BMI among athletes.
Women athletes focus more on integrating running into
their lifestyle, while men focus on the effectiveness of their
efforts. Motivation, training structure and training periods
differ depending on the gender, age and social status of
runners. The study revealed distinctive differences in the
profile of athletes training for ultramarathon races and ath-
letes who chose other distances. A characteristic difference
between ultramarathon athletes is a higher average age and
previous experience in other sports. As opposed to runners
on other distances, ultra-marathoners often integrate oth-
er sports, mainly summer sports, into their training pro-
cess. On average, the training cycle for an ultra-marathon
lasts 12 months and is divided into three phases of varying
length and intensity. Some athletes choose a double-cycle
model, which involves participating in two key competi-
tions a year. This model, however, often takes on a simplis-
tic form when participation in a competition in the middle
of the sports season is seen as preparation for the competi-
tion at the end of the season, which, accordingly, influences
the choice of a shorter distance.

The vast majority of ultrarunners have a diet that in-
cludes both plant and animal products but with a prefer-
ence for vegetables and fruits and foods containing light
proteins, healthy fats and healthy carbohydrates. In con-
trast to participants preparing for shorter distances, ul-
tra-marathoners are more likely to revise their dietary
patterns to reduce their body weight. Stricter dietary re-
strictions among ultra-marathoners lead to more frequent
binge eating, especially in the weeks before the main event.
The paper considered an integrated approach to training
runners for participation in ultramarathon competitions,
which accounts for physiological, psycho-emotional and
other factors that affect sports achievements. An important
stage of preparation is planning the sports season in such a
way that the body recovers from the previous competitive
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period and accumulates a sufficient amount of slow and
medium pace running. Training strategies include a com-
bination of continuous low intensity running and interval
training, alternating tracks with different surfaces to adapt
to mechanical stress, and combining running with other
sports such as swimming or cycling.

physiological and psychological changes of participants
during and after ultramarathon participation. In future
studies, these limitations can be overcome by expanding the
geographical scope of the sample and focusing on the phys-
iological and psycho-emotional transformations that occur
with participants during and after ultramarathon running.

The study has several limitations, including a small

sample of participants living exclusively in European coun- Acknowledgements

tries, which makes it difficult to use the proposed strate-  None.
gies in other regions without their prior verification. An- .
other limitation is that the research was conducted before Conflict of Interest
the competition, which makes it impossible to assess the =~ None.
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AHoTaujia. Metoo focmipkeHHa OYI0 IpoaHamisyBaT OCOOMMBOCTI TpeHYBaHHsA aT/IeTiB IIiJ 4Yac HiATOTOBKU MO
3abiry Ha ynprpaMapadoHCcbKi mycTanuil. JocmifikeHHs BpaxoByBaio Tpy a3y MiATOTOBKY O CHOPTUBHYX 3MaraHb -
Hepexia Ta BifHOBJIEHHs, LIEHTPAIbHMII MIATOTOBYMII €TAIl Ta OCHOBHUIT 3MaraJibHUIL €Tall - Ta BK/IIOYAI0 BUOIPKY i3
174 y4yacHukiB 3 €Bpom Ta iHINX KpaiH. Y X0fi FOCTiAKeHHsI BUsBIeHO (isionoriuui Ta IcuxoeMoLiitHi 0co6mmBocTi
Y4YaCHMKIB ynbTpaMapadoHy, SKi Bifpi3HAIOTH iX Biff y4acHUKIB 3a6iriB Ha iHI AMCTaHIil Ta 06YMOBIIOITb OCOOMUBOCTI
TPeHYBa/JIbHOTO IpoLecy. [Io TaKux 0coOMMBOCTel Hale)XaThb HYDKYNUII iHieKC Macy Tina ynbTpamMapadoHIiiB Ta aKTBHE
IIpaTHEeHH: [0 Il SMEeHILIeHH A /IS JOCATHEHH A KPAI[UX pe3y/IbTaTiB, BUIIMI CepefHill BiK y9acCHUKIB ynIbTpaMapa OHCbKIX
3MaraHb, IIOIIEPEHIN JOCBi 3aHATD IHIIMMY BUJAMU CIIOPTY Ta iHTeTrpalisg OKPEMMX BUJIIB CIIOPTY, IIEPEBAXKHO JITHIX, Y
IIpoLeC MiTOTOBKA JO 3a6iry Ha foBri guctannii. Cnmpatounch Ha gaHi IpodiliB 65 y9acHUKIB, AKi rOTyBaIncs 10 3a6iry
Ha yIbTpaMapadoHChKi AUCTaHIII, IpoaHaTi30BaHO HACTYIIHI CTpaTerii MiArOTOBKY: IIONepeHiit aHasIi3 mpodimo aTreTa
17151 iHAMBifyanisaril TpeHyBaIbHMUX 3YCUIb; ITAHYBAHHS CIIOPTUBHOTO CE30HY 3 BPaXyBaHHAM TPbOX (a3 MiAroTOBKM
(BizHOB/IEHHS, 6e3MOCepefHbO MIATOTOBKA Ta YYaCTh Y 3MaraHHi) abo MOABIIIHOTO TPEeHYBaIbHOIO LIMKITY; KOMOiHAIIis
Oe3repepBHOro 0Oiry HMU3bKOI iHTEHCUBHOCTI Ta iHTepBaJbHMX TPEHYBaHb; BUKOPUCTAHHA TPaC 3 PiSHUM IIOKPUTTAM
IA afianTanii O MeXaHiYHMX HaBaHTa)KeHb; MapajiefibHe TPEHYBaHHA 3 iHIINX BUJIB CIIOPTY A BJOCKOHA/IEHHA
HaBMYOK CTIMIKOCTi Ta BUTPMBAJIOCTI aT/eTiB; 3a6e3edeHH:A TPUBAJIOTrO Ta AKICHOTO CHY J/IA 3ar00iraHH:A KOTHITMBHOTO
Ta ICUXOEMOLITHOTO BUCHA)XEHHS yYaCHUKIB 3MaraHb. PekoMeHfalil MOXYTb OyTH 3aCTOCOBaHi /I IOAA/IBIIOTO
Po3BUTKY MapadOHCHKOTO PyXy B KpaiHi Ta 3a 1i Mexxamu

Kntouosi cnoBa: cioptuBHMIL ce30H; Ipodinb aTieTa; BUTPUBALICTD; eKOHOMIsA KMCHIO; aHTPOIIOMETPIUYHI IIOKa3HMUKIA;
MOTUBAIid
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Abstract. Swimming plays a significant role in professional athletes’ recovery, contributing to physical and psycho-
emotional rehabilitation following competitions and injuries. However, research on the use of swimming for
rehabilitation and recreation among athletes remains insufficiently developed, highlighting the relevance of this study
and its necessity in sports practice. This study aimed to assess the effectiveness of aquatic exercises in rehabilitation
programmes for professional athletes with mild to moderate injuries, compared to traditional rehabilitation methods.
Additionally, the study sought to determine the conditions under which swimming is most appropriate and effective
for improving physical performance, reducing pain, and enhancing participants’ motivation. The study involved 120
athletes from various sports, who completed an 8-week aquatic exercise programme. The programme included aerobic,
stretching, and recovery exercises, conducted four times per week with gradually increasing intensity. Evaluation of
the results was conducted through measurements of physical indicators (strength, endurance, flexibility), analysis of
subjective well-being, and the use of a visual analogue scale to assess pain levels. The findings indicated that endurance
increased by 28%, flexibility by 20%, and muscle strength by 15%. The most significant improvements were observed
in athletes with a moderate level of training. However, effectiveness was lower among participants with severe injuries,
highlighting the need for an individualised approach that considers the specifics of each injury. The results confirm
the appropriateness of incorporating swimming into rehabilitation programmes for athletes recovering from general
injuries and overtraining. The practical significance of the study lies in the development of recommendations for sports
physicians and coaches regarding the use of swimming as an effective means of restoring athletic performance

Keywords: physical recovery; aerobic exercise; sports adaptation; recovery methods; functional indicators

Introduction

Swimming is one of the most effective methods of physical
rehabilitation and recreation for athletes, due to its unique
properties, which include reduced joint stress, improved
circulation, and facilitation of muscle function recovery.
Recent research highlights the importance of aquatic exer-
cises for post-injury rehabilitation and physical condition
improvement, but many aspects of this topic remain un-
derresearched. According to A. Conceigdo et al. (2022), a
study analysing changes in muscle activity under various
stability conditions on aquatic platforms demonstrated
the high effectiveness of swimming in improving coordi-
nation and muscle strength. This indicates the significant

potential of the aquatic environment in rehabilitation pro-
grammes, especially for professional athletes. The research
by S.J. Bromley et al. (2018) revealed the importance of
epidemiological studies for understanding the relationship
between sports injuries and recovery methods. The authors
emphasised the need to develop unified methodologies for
assessing the role of swimming in athlete rehabilitation.
The approach to rehabilitation through the application of
aquatic exercises is becoming increasingly popular. Based
on the research of S. Naz et al. (2024), a systematic analysis
showed that aquatic therapy significantly reduces pain and
improves functional performance. However, there remains
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a need for a detailed analysis of the physiological changes
that occur during such training.

A review by R. Braun-Trocchio et al. (2022) supported
the effectiveness of alternating hot and cold water thera-
py in athlete recovery, although the authors noted a lack of
long-term studies to confirm their efficacy. Contemporary
studies, such as R. Braun-Trocchio et al. (2022), indicated
a growing popularity of aquatic therapies among athletes
due to their ability to relax muscles and reduce pain. How-
ever, the absence of standardised guidelines for conduct-
ing rehabilitation programmes in aquatic environments
creates a need for further research. Research by B. Najafi
Ghagholestani et al. (2022) demonstrated that combining
dynamic stabilisation with aquatic exercises significantly
improves control over the lumbopelvic region and reduces
pain in patients with non-specific back pain. This suggests
the potential of aquatic exercises not only for post-injury
rehabilitation but also for preventing recurrent injuries. Re-
searchers C. Hsu et al. (2024) noted that swimming is an
important rehabilitation tool for reducing the risk of lower
back injuries in professional swimmers. They emphasised
anatomical features and approaches to reducing the load on
the lower back. S. Kumar et al. (2021) found that swimming
promotes the regeneration of nerve fibres after injuries due
to the activation of metabolic processes. Their results con-
firmed that aquatic exercises have the potential not only for
physical recovery but also for neurophysiological recovery
of the body. The study by R.B.T. Sette et al. (2024) found
that high-intensity interval training in aquatic environ-
ments can improve cardiorespiratory fitness and physical
performance in middle-aged and older adults. These re-
sults are crucial for optimising rehabilitation programmes
considering the age-related characteristics of athletes. Ac-
cording to J.E. Moreno et al. (2022), the use of high-in-
tensity interval training in an aquatic environment allows
for significant improvements in the physical performance
of athletes but requires further study to adapt to specific
sports. The research of L.S. Andrade et al. (2020) showed
that aquatic training can positively impact cardiorespira-
tory function and neuromuscular activity in older women.
Although the main focus was on the elderly, the study’s
findings have practical value for professional sports. Addi-
tionally, the research by K. Abel ef al. (2022) demonstrated
that manipulating swimming pace can significantly affect
athletes’ psychological states, indicating the potential of
swimming to improve psychological well-being.

Thus, the contemporary literature highlighted a wide
range of benefits associated with swimming as a rehabilita-
tion tool. However, significant gaps remain in the standard-
isation of its application. Despite the positive experience of
using swimming in rehabilitation programmes, the specific
techniques adapted to the needs of professional athletes in
various sports are insufficiently studied. The question of
how the duration, intensity, and form of aquatic exercises
affect the restoration of functional fitness, psychological
state, and overall physical condition of athletes remains
open. There is also a lack of consistent recommendations
for the use of swimming in the context of rehabilitation af-
ter various types of injuries. In this regard, there is a need
for a detailed analysis of the effectiveness of swimming
as a universal means of rehabilitation and recreation, in-
cluding determining its impact on key physiological and

psychological aspects of recovery. This study aimed to eval-
uate the effectiveness of aquatic exercises in rehabilitation
programmes for professional athletes with mild to moder-
ate injuries, compared to traditional rehabilitation meth-
ods, as well as to determine the conditions under which the
application of swimming is most appropriate and effective
for improving physical performance, reducing pain, and
increasing participant motivation.

Materials and Methods

The study was conducted in three rehabilitation centres
with swimming pools located in Kyiv: the Olympic Style
Sports Complex, the Government Institution “Ukrainian
Medical Centre of Sports Medicine Ministry of Youth and
Sports of Ukraine”, and the Kyiv Sports Medicine Centre.
Participants were involved for eight weeks, from January to
February 2024. The choice of these centres was due to the
presence of the necessary conditions for conducting water
workouts, such as equipped pools, qualified instructors,
and access to medical support. Particular attention was paid
to monitoring the water temperature and ensuring optimal
conditions for the safe conduct of classes. One hundred and
twenty professional athletes aged 18-35 were involved in
the study (N =120). The sample included individuals with
mild or moderate injuries, no contraindications to water
activities, and a willingness to participate in the research.
Participants were divided into an experimental group and
a control group. The control group performed traditional
rehabilitation methods such as therapeutic exercise, mech-
anotherapy, and massage. The experimental group partici-
pated in aquatic exercises that included aerobic, stretching,
and recovery training. The selection of participants also
took into account their level of sports training to ensure the
homogeneity of the groups. The study was conducted fol-
lowing ethical standards, in particular the principles of the
The Declaration of Helsinki (2013), with informed consent
and data confidentiality ensured.

The programme for the experimental group was de-
veloped based on recommendations from previous stud-
ies (Moreno et al., 2022; Sette et al., 2024). Participants
exercised 4 times a week for 60 minutes, with a gradual
increase in training intensity. The exercise complex in-
cluded distance swimming to improve the cardiovascular
system, stretching exercises to increase flexibility, and re-
laxation exercises to reduce muscle tone. Additionally, the
programme included exercises to develop proprioception,
which is important for preventing re-injury. To assess par-
ticipants’ physical performance, the Cooper test was used
to evaluate endurance, a sit-and-reach test for flexibility,
and a hand dynamometer to assess muscle strength.

Subjective well-being was assessed using a question-
naire and a visual analogue scale (VAS), which was used to
determine the level of pain. The questionnaire consisted of
questions aimed at assessing the effectiveness of tradition-
al and aquatic rehabilitation methods, including questions
about reducing pain, improving overall physical condition,
and the subjective well-being of participants. Additionally,
the questionnaire included sections for collecting informa-
tion about the level of motivation to exercise, satisfaction
with rehabilitation procedures, and their impact on emo-
tional state, which allowed for a qualitative analysis of par-
ticipants’ subjective perception of rehabilitation measures.
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The collected data was analysed using a Student’s t test to
compare changes in physical parameters between the exper-
imental and control groups. Furthermore, the Mann-Whit-
ney U-test was used to assess the subjective perception of
methods, allowing for the identification of differences in
the level of motivation and satisfaction among participants.
To identify correlations between physical and subjective
indicators, regression analysis methods were used, which
made it possible to establish the relationship between the
type of exercise and the results achieved. The application
of such methods allowed for an objective assessment of the
effectiveness of swimming as part of rehabilitation pro-
grammes and confirmed its advantages compared to tra-
ditional methods.

Results

Swimming as an effective rehabilitation tool

Swimming has proven to be an effective method of recovery
for athletes who have experienced injuries or overtraining.
This is due to the unique properties of the aquatic environ-
ment, which allow for a significant reduction in the impact
of gravity, reducing the load on joints and muscles, which
is especially important during rehabilitation. Athletes can
perform a wide range of movements without the risk of ad-
ditional injuries or overstrain. Water also provides natural
resistance, which helps to strengthen muscles and increase
overall physical endurance, while providing a relaxation
effect. The application of aquatic exercises also positively
affects blood circulation, stimulating the improvement of
oxygen and nutrient delivery to tissues. This is critical for
the regeneration of damaged tissues and the restoration of
muscle and joint function. Participants in the experimen-
tal group, who underwent an 8-week programme, demon-
strated a significant improvement in endurance, strength,
and flexibility. In particular, according to the Cooper test
results, the endurance level increased by 28%, indicating a
significant improvement in the functional state of the car-
diovascular system.

Additionally, a 72% improvement in muscle strength
was observed in the experimental group, confirming the
effectiveness of aerobic and strength exercises performed
in water. These exercises were particularly beneficial for
athletes recovering from lower limb injuries. Similar re-
sults align with the findings of R.B.T. Sette et al. (2024),
who emphasise the importance of using the aquatic envi-
ronment for comprehensive recovery. Concurrently, swim-
ming positively influenced the psychological state of par-
ticipants. According to the survey, 88% of athletes reported
that regular water workouts reduced feelings of fatigue and
improved their physical condition. This once again under-
lines that swimming is not only physically beneficial but
also helps improve overall well-being and motivation for
rehabilitation.

The impact of aquatic exercises on pain reduction and
flexibility improvement

Aquatic exercises, actively used in rehabilitation pro-
grammes, demonstrate high effectiveness in reducing pain.
Participants in the experimental group who performed
aerobic, stretching, and relaxation exercises in a water en-
vironment showed a significant reduction in pain levels on
the VAS. Specifically, the average pain level decreased by

35%. This result can be explained by the unique properties
of the aquatic environment, which reduces the mechanical
load on joints and muscles, thereby reducing tension and
alleviating pain. The properties of water, such as hydrostat-
ic pressure and buoyancy, contribute to the reduction of
pain as they create conditions for a uniform distribution of
the load on the body. Similar conclusions are confirmed in
the research of B. Najafi Ghagholestani et al. (2022), who
established that water exercises not only reduce pain levels
but also improve the psychological state of patients. This
is especially important for athletes who are going through
a long rehabilitation period. The relaxation effect of the
aquatic environment allows for a reduction in muscle tone,
and regular activity in water stimulates the production of
endorphins, which contribute to pain relief. Thus, water
exercises become an indispensable component of compre-
hensive therapy aimed at relieving pain.

Flexibility is an important component of an athlete’s
physical fitness, especially during the rehabilitation period
after injuries or overtraining. The results of the sit-and-
reach test, conducted before and after the 8-week pro-
gramme, indicate an improvement in the flexibility of par-
ticipants in the experimental group by 20%. This confirms
the effectiveness of aquatic exercises for developing the mo-
bility and elasticity of muscles. According to R.B.T. Sette et
al. (2024), regular stretching exercises in water significantly
improve flexibility by reducing the risk of injury during
training. Water reduces joint stress and allows for a greater
range of motion, increasing the effectiveness of stretching.
Additionally, hydrotherapy improves blood circulation,
promoting faster muscle recovery after exertion. Flexi-
bility is also a crucial aspect in preventing re-injuries. As
J.E. Moreno et al. (2022) noted, water exercises aimed at de-
veloping mobility are effective in strengthening the muscu-
loskeletal system, preventing re-injuries, and ensuring joint
stability. Participants in the experimental group performed
exercises using swimming boards, which allowed them to
focus on stretching individual muscle groups.

It is worth noting that the reduction in pain and im-
provement in flexibility were achieved through a com-
prehensive approach to training. The aquatic exercise
programme included elements of aerobic exercise, which
improved blood circulation and stimulated metabolic pro-
cesses, as well as stretching exercises aimed at increasing
joint mobility. The combination of these elements ensured
the simultaneous achievement of several therapeutic goals,
making aquatic exercises an effective tool in rehabilitation.
A crucial aspect of the effectiveness of aquatic exercises is
the gradual increase in training intensity. Participants in
the experimental group began with basic exercises that
were gradually made more complex, including elements
of hydrokinesitherapy. This allowed for the adaptation of
training to the level of each participant, contributing to
maximum improvement in physical performance. The con-
trol group, which used traditional rehabilitation methods
such as massage and therapeutic exercise, did not demon-
strate such significant changes in flexibility and pain reduc-
tion. The average reduction in pain in the control group
was only 18%, and the improvement in flexibility was 10%.
This confirms the advantages of aquatic exercises com-
pared to traditional methods. Figure 1 presents the results
of the assessment of changes in pain levels on the VAS scale

‘ /6 Theory and Practice of Physical Culture and Sports, 2024, Vol. 3, No. 2



Savchuk & Kovalchuk

and the improvement in flexibility of participants in the
experimental group before and after the completion of the
8-week swimming rehabilitation programme. The graph

shows that the level of pain decreased by 35%, while the
flexibility indicators, according to the sit-and-reach test re-
sults, increased by 20%.
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Figure 1. Results of pain reduction and improvement in flexibility, %

Source: created by the authors

A survey of participants in the experimental group
revealed a high level of satisfaction with participation in
the 8-week rehabilitation programme using aquatic ex-
ercises. Participants rated the overall effectiveness of the
programme as 4.8 out of 5 possible points. The applica-
tion of innovative rehabilitation methods contributes not
only to physical but also to psycho-emotional recovery.
This was confirmed by the results of the study, where
most participants in the experimental group noted that
aquatic exercises helped them reduce stress levels and

improve overall well-being. Table 1 presents the results of
a survey of participants in the experimental group, which
allows for an analysis of their perception of the rehabil-
itation programme and an assessment of the subjective
attitude towards the effectiveness of aquatic exercises,
overall well-being after the programme, and the impact
on the psycho-emotional state. The data demonstrates
a high level of participant satisfaction and confirms the
positive effect of using aquatic exercises in rehabilitation
programmes.

Table 1. Results of a survey of participants in the experimental group

Parameter Rating (out of 5 points)
Overall effectiveness of the programme 48
Satisfaction with well-being after the programme 46
Improvement in psycho-emotional state 47
Impact of aquatic exercises on stress reduction 4.5

Source: created by the authors

One important aspect noted by participants was an
increased level of motivation for rehabilitation due to the
interest and variety of aquatic exercises. Most participants
reported that exercising in water seemed less exhaust-
ing compared to traditional rehabilitation methods such
as mechanotherapy or land-based physical exercises. At
the same time, they reported a decrease in anxiety levels
and an improvement in mood after each workout. Partic-
ipants also noted positive changes in their physical sen-
sations during and after exercise. The main benefits they
identified included reduced muscle and joint pain, ease
of movement, and a feeling of relaxation. According to
the VAS scale, the average pain level decreased by 35%,
indicating the high effectiveness of aquatic exercises for
relieving muscle tension. This is supported by the data of
J.E. Moreno et al. (2022), according to which swimming
and other exercises in the water contribute to reducing
the load on the musculoskeletal system and improving
blood circulation. In addition to physical recovery, par-
ticipants noted a significant improvement in their psy-
cho-emotional state. Many of them emphasised that be-
ing in a water environment created a relaxation effect, and
smooth, repetitive movements contributed to calming
and reducing stress levels. The sessions took place in a re-
laxed atmosphere, which, according to the participants,

helped them to concentrate on the recovery process and
not feel additional pressure.

Aquatic exercises also positively influenced the moti-
vation of participants. Most participants noted that exer-
cising in a water environment sparked interest and a desire
to achieve better results. Due to the dynamics and variety
of exercises, training was perceived as a pleasant pastime
rather than a difficult rehabilitation procedure. Participants
also emphasised the importance of support from instruc-
tors and group interaction, which contributed to creating a
positive emotional climate during training. Questionnaires
completed after the end of the programme indicate a signif-
icant improvement in the overall well-being of participants.
In particular, over 80% of respondents rated their condition
as “good” or “excellent” after the end of the 8-week pro-
gramme, while before its start, only about 40% did so. Par-
ticipants emphasised that the reduction in pain, increased
mobility, and feeling of ease of movement positively influ-
enced their overall well-being. It should be noted that most
participants indicated that the results of the programme
exceeded their expectations. Before starting rehabilitation,
many doubted the effectiveness of aquatic exercises, but
after a few sessions, they noticed a significant improve-
ment in their condition. The high subjective assessment
of the effectiveness of rehabilitation methods suggests that
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aquatic exercises can be not only a tool for recovery but also
a powerful motivator for further physical development.
Participants who previously underwent rehabilitation us-
ing traditional methods, such as therapeutic exercise or
mechanotherapy, noted the advantages of aquatic exercises.

Specifically, they indicated a lower level of discomfort
during exercise and greater effectiveness in reducing pain.
Figure 2 presents the results of a survey of participants in
the control and experimental groups, which allows for an

analysis of their perception of the effectiveness of the re-
habilitation programme using aquatic exercises. The graph
demonstrates key aspects such as the level of satisfaction,
reduction in pain, improvement in overall well-being, and
level of motivation for further training. The data illustrates
the positive impact of aquatic exercises on both the phys-
ical condition of participants and their psycho-emotional
comfort, confirming the high effectiveness of an integrated
approach to rehabilitation.

Muscle strength (dynamometry) I

Experimental group

Endurance (Cooper test)

Flexibility (sit-and-reach) I

m Control group

Before rehabilitation

Pain (VAS)

0 50

100 150

Figure 2. Results of a survey of the experimental and control groups, %

Source: created by the authors

A comparison of the results of the control and exper-
imental groups clearly demonstrated the advantages of
aquatic rehabilitation methods. Participants in the con-
trol group, who underwent traditional procedures such
as therapeutic exercise, massage, and mechanotherapy,
demonstrated only moderate improvements in physical
and psycho-emotional indicators. For example, the reduc-
tion in pain in this group was on average 15%, while in the
experimental group, this figure reached 35%. This indi-
cates that traditional methods are less effective in relieving
muscle tension and improving blood circulation. Partici-
pants in the experimental group who performed aquatic
exercises demonstrated significantly greater progress in all
key indicators. Endurance increased by 28%, flexibility by
20%, and muscle strength by 15%. Moreover, the subjective
assessment of wellbeing among participants in the experi-
mental group was significantly higher than in the control
group. According to participants, aquatic exercises creat-
ed comfortable conditions for rehabilitation and helped to
avoid additional stress associated with physical exertion.
Statistical analysis using Student’s ¢ test confirmed a signif-
icant difference between the groups for all key indicators
(p<0.05).

For example, the average pain level on the VAS scale in
the control group decreased from 7.2 to 6.1 points, while in
the experimental group, it decreased from 7.4 to 4.8 points.
Similarly, in the sit-and-reach test, the improvement in flex-
ibility in the control group was only 10%, while in the ex-
perimental group, it was 20%. The psycho-emotional state

of the participants also differed significantly. Participants
in the control group more often reported fatigue and anxi-
ety after traditional procedures, while in the experimental
group, most participants noted a feeling of relaxation and
reduced stress after water exercises. Another important as-
pect was the participants’ perception of the methods them-
selves. In the control group, only 55% of respondents rat-
ed the effectiveness of traditional methods as high or very
high, while in the experimental group, this figure was 85%.
Participants in the experimental group noted that water
training seemed less exhausting, which increased motiva-
tion for further training. In addition, the group dynamics
and support from instructors in the experimental group
also contributed to better results. Participants noted the
importance of group activities, which not only improved
interaction but also created an atmosphere of mutual sup-
port, positively influencing the overall emotional state. In
the control group, where most procedures were performed
individually, this factor was less pronounced.

Figure 3 presents the results of a comparison of tra-
ditional and aquatic rehabilitation methods, allowing for
an analysis of the effectiveness of both approaches in im-
proving participants’ physical performance. The graph il-
lustrates that the experimental group, which used aquatic
exercises, demonstrated a more significant improvement
in all tested indicators, including reduced pain, increased
flexibility, and endurance. Traditional methods, applied in
the control group, also contributed to positive changes, but
their impact was less pronounced.

i |
Increase in endurance

W Aquatic

Increase in lexibility

Traditional

Reduction in pain |
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Figure 3. Comparison of the effectiveness of traditional and aquatic rehabilitation methods, %

Source: created by the authors
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Results of the analysis indicate that the application of
aquatic exercises contributes to a significant improvement
in physical performance, reduction of pain, and an increase
in the overall level of motivation among participants com-
pared to traditional methods. This confirms the promise
of integrating the aquatic environment into rehabilitation
programmes as an effective means of achieving optimal
results in restoring the health of professional athletes.

Distribution of results based on injury type

The distribution of results showed that participants with
mild to moderate injuries achieved more significant im-
provements compared to those with severe injuries. In
particular, in the group with mild injuries, pain reduc-
tion was observed by 40%, flexibility increased by 25%,
and endurance improved by 30%. Participants with
moderate injuries demonstrated similar trends, although
their progress was somewhat less: pain reduction was
35%, flexibility increased by 20%, and endurance by 25%.
On the other hand, participants with severe injuries had
significantly less pronounced results. Pain reduction was
only 20%, while improvements in flexibility and endur-
ance were 10% and 15%, respectively. These data confirm
the importance of an individual approach to developing
rehabilitation programmes, focused on the needs of ath-
letes depending on the complexity of their injuries. As
noted by J.E. Moreno et al. (2022), adapting training and
aquatic exercises to the physical condition of the patient
significantly increases the effectiveness of rehabilitation.
The graph clearly illustrates the distribution of results be-
tween groups with different types of injuries. Participants
with mild injuries demonstrated the greatest progress,
while the effectiveness of aquatic exercises for athletes
with severe injuries was limited, indicating the need for
additional or alternative rehabilitation methods. Figure 4
presents the results of the distribution of improvements
depending on the type of injury of the rehabilitation pro-
gramme participants.

Level of improvement

15
10
5
0

Mild Moderate Significant

Figure 4. Distribution of improvements
based on injury type, %
Source: created by the authors

The graph shows that athletes with mild and moder-
ate injuries achieved significantly better results in terms of
reducing pain, increasing flexibility, and endurance com-
pared to participants with severe injuries. The presented
results emphasise the need for an individual approach to
developing rehabilitation programmes, which allows for
maximum effectiveness for each category of injuries. The
data obtained confirm that the effectiveness of rehabilita-
tion programmes largely depends on the severity of the

injury and also emphasises the importance of individualis-
ing approaches. The use of adaptive programmes that take
into account the type and severity of the injury allows for
the optimisation of the restoration of the physical functions
of athletes and increases the effectiveness of the rehabilita-
tion process. Thus, an individual approach becomes a key
factor in ensuring a successful recovery.

Motivation for training

Aquatic exercises demonstrated not only a rehabilitative ef-
fect but also a significant impact on increasing participants’
motivation to train. According to the survey results, 85%
of respondents in the experimental group reported that
exercising in a water environment positively influenced
their emotional state after training. They felt lower levels of
stress, increased energy, and a desire to continue training.
It is also important to note that aquatic activities served not
only as a means of recovery but also as an effective tool for
recreation. Participants noted that the dynamics and vari-
ety of exercises made the training interesting, and the at-
mosphere in the aquatic environment itself contributed to
relaxation. Such activities were perceived as an opportunity
to relieve psychological stress after competitions or inju-
ries. This was especially important for athletes returning to
active training after a break. Figure 5 presents the results of
an assessment of the impact of aquatic exercises on motiva-
tion for training and recreation among participants in the
experimental group. The results demonstrate that exercis-
ing in a water environment not only contributes to physical
recovery but also creates a positive psycho-emotional at-
mosphere that stimulates participants to continue training
and contributes to the overall recreational effect.
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80 | 80%
70 70%
60 ; 60%
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40 | 40%
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QOverall Recreation Improvement of
motivation for emotional state
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Figure 5. Assessments of motivation for training
and recreation by participants in the experimental group
Source: created by the authors

Regression analysis showed a high level of correlation
(R*=0.76) between physical improvements and satisfaction
with the programme. This means that participants who
demonstrated significant improvements in physical tests
more often rated the programme as very effective. Specif-
ically, improvements in endurance, flexibility, and muscle
strength directly influenced the positive subjective per-
ception of the rehabilitation process. Additional analysis
revealed that the greatest impact on satisfaction with the
programme was the reduction in pain ($=0.48, p <0.01)
and improvement in psychological state (8=0.42, p<0.01).
This indicates that not only physical indicators but also
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emotional comfort during rehabilitation are key factors in
successful recovery. Participants who reported a decrease in
stress levels and increased motivation also reported ease of
exercise and a high interest in continuing the programme.

Another significant relationship was found between
the level of flexibility and the subjective perception of pro-
gress: participants who had significant improvements in
the sit-and-reach test more often rated the programme as
“excellent”. 'This confirms that the feeling of mobility and
ease of movement is an important criterion for evaluating
rehabilitation programmes. On the other hand, partici-
pants with severe injuries, despite positive results, rated the
programme less optimistically. This may be due to a longer
recovery process and more noticeable limitations in move-
ment. Such a result emphasises the importance of an indi-
vidual approach to participants with different types of inju-
ries, adapting programmes to their needs and expectations.
The data obtained suggest that the subjective perception of
the effectiveness of a rehabilitation programme depends on
a combination of physical results and the emotional com-
fort created during the sessions. The use of aquatic exer-
cises contributes to the achievement of both goals, making
them an ideal tool for the rehabilitation of athletes.

Discussion

The results of the conducted study demonstrate the high
effectiveness of using aquatic exercises in the rehabilitation
of athletes. Participants in the experimental group, who
performed aquatic exercises, demonstrated a significant
improvement in physical performance compared to con-
trol groups where traditional rehabilitation methods such
as therapeutic exercise and massage were used. This is con-
sistent with the findings of R. Biswas & S.S. Ghosh (2022),
who emphasised that training in an aquatic environment
reduces joint load, improves anaerobic power, and reduces
the risk of overload. The improvement in the emotional
state of participants after water workouts also underlines
the unique benefits of swimming for psycho-emotional re-
covery. According to S.E. Heywood et al. (2022), rehabilita-
tion programmes based on aquatic exercises increase mo-
tivation for training and the overall well-being of athletes,
which is confirmed by the responses of 85% of participants
in the current study. R. Biswas & S.S. Ghosh (2022) noted
the advantages of using plyometric exercises in an aquatic
environment with additional weights to improve athletes’
aerobic endurance. They have proven that the combination
of aqua plyometrics and weights creates unique training
conditions that reduce the impact of gravity and simul-
taneously provide a high level of exercise intensity. These
findings are consistent with the results obtained, which
demonstrate an increase in endurance by 28% after com-
pleting the 8-week programme. The research of R. Biswas
& S.S. Ghosh (2022) also emphasised the adaptation of
exercises to the specific needs of athletes, which is impor-
tant in the context of individualised rehabilitation pro-
grammes. The results obtained confirm that the use of the
aquatic environment allows for an effective combination
of cardio load and exercises for restoring muscle strength,
providing a comprehensive approach to rehabilitation. An
important aspect is the appropriateness of adapting re-
habilitation programmes to the specific characteristics of
athletes’ injuries.

The research of D. Pascoe & J. Cheslett (2024) showed
that the forces of impact in the aquatic environment are
significantly reduced, which creates comfortable condi-
tions for rehabilitation even after serious injuries. This is
confirmed by the results obtained, where participants with
moderate injuries achieved significant improvements in
flexibility and endurance. Aquatic exercises that include
plyometric training also demonstrated a positive impact
on the development of explosive strength and speed. As
noted by S.S. Ghosh & R. Biswas (2023), training in an
aquatic environment contributes to the development of
specific physical qualities due to hydrostatic resistance.
In the study, the experimental group showed significant
improvements in these indicators. Aquatic exercises also
have a particular value for improving specific physical
characteristics. R. Ramirez-Campillo et al. (2022) in their
meta-analysis noted that plyometric jumps in an aquatic
environment significantly improve the physical fitness of
athletes, especially in aquatic sports, due to the reduced
impact of gravity and increased muscle control. The con-
ducted study confirms these findings, demonstrating an
increase in flexibility by 20% and endurance by 28% after
completing the 8-week programme. A reduction in pain by
35% after an 8-week course of aquatic exercises confirms
the high effectiveness of this approach for the rehabilita-
tion of athletes. According to the research of B.K. Kim &
H.J. Jeong (2022), such exercises reduce swelling and pain,
which was confirmed by participants in the experimental
group. It is important to note that the comfortable con-
ditions of the aquatic environment contribute to psycho-
logical relaxation, which is an important component of
successful rehabilitation.

Especially promising are programmes focused on de-
veloping explosive strength, speed, and aerobic endurance,
as noted in the research of R.A. Salama et al. (2024). Their
findings are consistent with the results, where participants
in the experimental group demonstrated a significant im-
provement in speed-strength characteristics. According
to R.K. Elnaggar & W.A. Abd El-Nabie (2021), the corre-
lation between participants’ subjective perception of the
programme’s effectiveness and their physical performance
is an important aspect of the rehabilitation process. In the
study, the correlation between physical improvements and
satisfaction with the programme was R*=0.76, indicating
that aquatic exercises have both physical and psycho-emo-
tional benefits. A systematic review by V. Simanjuntak et
al. (2023) proved the effectiveness of using virtual reali-
ty-oriented water training to improve lower limb muscle
strength. In this study, these exercises also proved effec-
tive, leading to the conclusion that the integration of
modern digital technologies into water rehabilitation is a
promising approach.

R.K. Elnaggar & M.S. Elfakharany (2022) demonstrat-
ed that aqua plyometric exercises not only improve muscle
strength but also have a positive impact on bone miner-
al properties and overall physical fitness in patients with
juvenile idiopathic arthritis. Their results show that a 12-
week programme significantly reduces the risk of osteopo-
rosis and improves physical activity. In the study, similar
effects were observed among athletes with moderate inju-
ries, who reported reduced pain and improved flexibility
after performing aquatic exercises. These data confirm the

‘ 80 Theory and Practice of Physical Culture and Sports, 2024, Vol. 3, No. 2



Savchuk & Kovalchuk

importance of aqua plyometric programmes for compre-
hensive recovery, especially in the context of musculo-
skeletal injury rehabilitation. Programmes with aqua ply-
ometrics, which are used for recreational purposes, can be
adapted for athletes of different fitness levels. As noted in
the study by L.B. Fail et al. (2022), such programmes con-
tribute to strengthening muscles and improving endur-
ance even in people with chronic diseases. In the research,
athletes noted that the dynamics and variety of water exer-
cises reduced the monotony of the training process, mak-
ing it more attractive.

Furthermore, M. Jackson et al. (2022) emphasised the
positive impact of aquatic exercises on mental health. Their
research shows that such programmes can reduce anxiety
levels, improve mood, and promote relaxation. These find-
ings are consistent with the results obtained, where 85% of
participants reported an improvement in their emotional
state. L.A.D. Silva et al. (2022) also noted that aquatic exer-
cises are effective in reducing oxidative stress and improv-
ing functional autonomy. This is confirmed by the respons-
es of participants who noted that the exercises contributed
to reduced fatigue and restored functional mobility. S. An-
sari et al. (2021) investigated the impact of aqua aerobics
on functional capacity, flexibility, and trunk muscle func-
tion in women with chronic non-specific low back pain.
The results showed a significant reduction in the level of
functional disability and an improvement in quality of life
after an 8-week programme. The obtained results correlate
with these findings, as aquatic exercises demonstrated ef-
fectiveness in reducing pain levels on the VAS scale by 35%
and increasing overall flexibility by 20%. This confirms the
appropriateness of using aquatic exercises in rehabilitation
programmes aimed at improving motor activity and psy-
cho-emotional state. The results presented by N.B. Morei-
ra et al. (2020) indicate an improvement in quality of life
after performing aquatic exercises among older people with
musculoskeletal disorders. The study showed that a similar
effect is achieved in athletes, regardless of age, due to the
individualisation of programmes.

Thus, the use of aquatic exercises in rehabilitation and
recreation offers numerous advantages, including physical
and psycho-emotional recovery. The integration of modern
approaches, such as aqua plyometrics, digital technologies,
and adaptive programmes, allows for achieving high re-
sults in recovery and improving athletic performance. The
presented data provides a basis for further research in this
field and confirms the feasibility of implementing aquat-

intense loads. However, in cases of severe injuries or limited
mobility, it is necessary to individually adapt programmes
to guarantee the safety of participants.

Conclusions

The conducted study showed that aquatic exercises are
an effective method of rehabilitation and recreation for
athletes who have experienced injuries or overtraining.
Results showed that participants in the experimental
group who underwent an 8-week swimming programme
achieved significant improvements in physical perfor-
mance, including endurance (+28%), strength (+15%),
and flexibility (+20%). These data confirmed the advan-
tage of aquatic exercises over traditional rehabilitation
methods, such as therapeutic exercise and massage, where
the increase was less pronounced. One of the key results
was a reduction in pain levels by 35% on the VAS scale,
which confirms the high effectiveness of aquatic exercises
in relieving muscle tension. Additionally, 85% of respond-
ents rated their emotional state after training as “good” or
“excellent”, indicating an improvement in their psycho-
logical well-being. The survey results showed that aquatic
exercises increased motivation for training and created a
comfortable environment for rehabilitation.

The dynamics and variety of aquatic exercises allowed
participants to perceive training as a pleasant pastime, con-
tributing to a high level of satisfaction with the programme
(rated 4.8 out of 5). A comparison of the results of the con-
trol and experimental groups demonstrated a significant
correlation between physical improvements and subjective
satisfaction with the programme (R*=0.76). This confirms
that the effectiveness of rehabilitation measures largely de-
pends on their adaptation to the physical and emotional
state of athletes. Furthermore, participants in the experi-
mental group who had mild to moderate injuries achieved
greater progress compared to those with severe injuries. Re-
habilitation based on aquatic exercises is beneficial in many
cases, including recovery from mild and moderate injuries,
relieving muscle tension, and improving endurance and
flexibility. However, its effectiveness may be limited for
athletes with severe injuries who require more specialised
approaches. It is promising to compare in the future studies
the effectiveness of different types of water training, such as
aqua plyometrics and aqua aerobics, to develop more com-
prehensive and flexible rehabilitation programmes.
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AHoTaujia. IlnaBaHHA Bifirpae BakIuBY ponib y BigHOBIEHHI IpodeciiiHMX CIOPTCMEHIB, clpusAoun QisudHiil Ta
IICUXOeMOLIilTHiIT peabimiTanii mcna 3Maranb i TpaBM. BogHOYac JOCTIIPKeHHA 3aCTOCYBaHHA IUIaBaHHA 1A peabimiranii
Ta peKpeallil CHOPTCMEHIiB € HeOCTATHbO PO3POOIEHNMY, 1[0 OOIPYHTOBYE aKTya/IbHICTh LIbOTO JOCTIIKeHHA Ta J0ro
HeoOXifHICTb Y copTuBHiit mpakTuii. Mertow poboru 6ymo orinnTy edeKTUBHICTb BOAHNUX BIIpaB y peabimiTauiitamux
nporpamax mjist mpodeciiiHiX CIIOPTCMEHIB i3 IETKMMU Ta CepefHbOI TSHKKOCTI TpaBMaMM, OPIBHSHO 3 TPagULIiiHIMU
MeTofaMy peabimitanii, a TaKo)X BU3HAYMUTYM YMOBY, y SKUX 3aCTOCYBaHHA IUIABAHHSA € HAOMBII JOLIIBHUM i
Pe3yIbTaTUBHMM JIA MOKpalleHHs (Qi3MYHMX NOKasHVKIB, 3HVDKEHHA OO/bOBUX BiIYyTTIB i HigBUINEHHSA MOTMBaLii
Y4YacHMKIB. Y JOCTimKeHHi 6pamyu y4acTb 120 criopTcMeHiB i3 pisHUX BUAIB CHOPTY, SAKi IIPOXOAWIN BOCbMUTIDKHEBY
IpOrpaMy BOAHUX BIpaB. [Iporpama BKI04aia aepo6Hi, pO3TATyBa/IbHI Ta BifHOB/IIOBA/IbHI BIPABH, SKi IIPOBOLIICS
4 pasy Ha TYDKJEHb i3 TOCTYIOBUM MifiBUIIEeHHAM iHTeHCMBHOCTI. OLliHKa pesy/nbTaTiB 371iiiCHIOBANIACA 32 JOIIOMOIO0
BUMIpIOBaHHA (iSVYHMX IIOKA3HUKIB (CM/la, BUTPUBAJICTb, THYYKICTDb), aHAi3y CyO €KTMBHOTO CaMONOYYTTS Ta
BUKOPYCTAHHS Bi3ya/IbHO aHA/IOTOBOI LIIKA/I /IS OLIiHKM 60TbOBOTO CHH/IPOMY. Pe3y/IbTaTu oKasaim, 1o BUTPUBATICTh
3pocia Ha 28 %, THy4KicTb — Ha 20 %, a cuia M's13iB — Ha 15 %. Harixpaui pe3ynbraTyt cCiocTepirannucs y CIOpTCMEHiB i3
cepenHiM piBHeM HifAroTOBKY. BogHOYAC /I yYaCHMKIB i3 TAOKKMMY TpaBMaMy e(peKTUBHICTD Oy/Ia HIDKYOIO, 10 BKa3ye
Ha HeOOXiIHICTb IHAMBIAYa/PHOrO MIAXOMY Ta BpaxyBaHHs crenndiky tpaBM. OTpuMaHi pesyIbTaTy MifTBEPIKYIOTh
HOLIPHICTD 3aCTOCYBAHHs IUIABAHHA B peabiMiTaliffHUX IMporpaMax s CIOPTCMEHIB i3 3ara/IbHUMM TpaBMaMMu Ta
nepeBTOMOK0. IIpakTiyHa 3HAYMMICTD [JOC/IPKEHHA IIOJIATA€ Y CTBOPEHHI peKOMEHJaliil /I CIIOPTUMBHMX JiKapiB i
TpPeHepiB 1J0/J0 BUKOPUCTAHHA IUIABAHHA AK e(peKTUBHOTO 3ac00y BiIHOB/IEHHs CHOPTUBHOI (OpMU

Kntouosi cnoBa: disnyHe BifHOB/IEHHS; aepoOHI BIpaBM; CIOPTMBHA afalTallid; METOAM BiTHOB/IEHHS; (YHKILOHA/IbHI
TTOKA3HMKIA
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