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Abstract

Introduction: The improvement of physical training for adolescent judokas is a key issue in
sports pedagogy, as this stage is crucial for developing essential qualities like strength, coordi-
nation, and endurance.

Objective: The purpose of the study was to experimentally substantiate the effectiveness of us-
ing dynamic game exercises in the training process of adolescents engaged in judo as a means
of improving physical qualities that determine the level of technical skill, coordination, endur-
ance, and functional readiness.

Methodology: The study involved 24 adolescent males aged 13-15 years (mean age = 14.2 + 0.6
years) from two sports schools. Methods used included pedagogical experiment, testing of spe-
cial physical fitness, variation statistics, correlation, and cluster analysis. The experiment lasted
10 weeks and was conducted between September and December 2024.

Results: Based on the results of the final tests, significant advantages of the experimental group
were established, which performed dynamic game exercises integrated into the training pro-
cess. The most pronounced increase was observed in the complex coordination and strength
exercise - 37.6%, which indicates effective stimulation of intermuscular interaction and spati-
otemporal coordination.

Discussion: In the development of muscle endurance, an increase of 33.6% was recorded, which
is almost three times higher than in the control group (10.5%). The increase in the tempo per-
formance of technical actions was 25%, while in the control group - 11%.

Conclusions: The overall integral growth rate in the experimental group was 26.1%, while in
the control group - only 12.4%, confirming the systemic effectiveness of the proposed ap-
proach.

Keywords

Variable load; pedagogical experiment; motor activity; strength endurance; cluster analysis.
Resumen

Introduccién: La mejora del entrenamiento fisico de los judocas adolescentes es clave en la pe-
dagogia deportiva, ya que esta etapa es crucial para el desarrollo de cualidades esenciales como
la fuerza, la coordinacién y la resistencia.

Objetivo: El propésito del estudio fue comprobar experimentalmente la eficacia del uso de ejer-
cicios de juego dindmico en el proceso de entrenamiento de adolescentes que practican judo
como medio para mejorar las cualidades fisicas que determinan el nivel de habilidad técnica,
coordinacidn, resistencia y preparacién funcional.

Metodologia: El estudio incluyé a 24 adolescentes varones de 13 a 15 afios (edad media = 14,2
+ 0,6 afios) de dos escuelas deportivas. Los métodos utilizados incluyeron experimentos peda-
gogicos, pruebas de aptitud fisica especial, estadistica de variacion, correlacién y analisis de
conglomerados. El experimento tuvo una duracién de 10 semanas y se llevé a cabo entre sep-
tiembre y diciembre de 2024.

Resultados: Con base en los resultados de las pruebas finales, se establecieron ventajas signifi-
cativas del grupo experimental, que realizé ejercicios de juego dinamico integrados en el pro-
ceso de entrenamiento. El aumento mas pronunciado se observé en el ejercicio complejo de
coordinacion y fuerza (37,6 %), lo que indica una estimulacion eficaz de la interaccién inter-
muscular y la coordinacién espaciotemporal.

Discusion: En el desarrollo de la resistencia muscular, se registré un aumento del 33,6 %, casi
tres veces mayor que en el grupo control (10,5 %). El aumento en el rendimiento ritmico de las
acciones técnicas fue del 25 %, mientras que en el grupo control fue del 11 %.

Conclusiones: La tasa de crecimiento integral global en el grupo experimental fue del 26,1 %,
mientras que en el grupo control fue de tan solo el 12,4 %, lo que confirma la eficacia sistémica
del enfoque propuesto.

Palabras clave

Carga variable; experimento pedagogico; actividad motora; fuerza-resistencia; analisis de con-
glomerados.
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Introduction
___________________________________________________________________________________________________________________________|
The problem of improving the special physical training of adolescents engaged in judo is becoming in-
creasingly important in the context of sports pedagogy and the development of long-term training of
athletes. Adolescence is a critical stage in sports development because it is characterized by active bio-
logical maturation, high motivational dynamics, and increased sensitivity to pedagogical influence. Dur-
ing this period, the foundations of specialized endurance, strength, and coordination qualities are estab-
lished, which determines the need for adaptive and intensive approaches to building the training pro-
cess (Benitez-Sillero, et al. 2025). One of the promising areas for improving physical fitness is the use of
game components as a means of increasing efficiency and motivation. This approach allows combining
developmental and emotional-regulatory influences, ensuring a holistic dynamic of the physical growth
of athletes. However, despite the existence of separate empirical evidence for the effectiveness of game
models, their potential within the framework of special physical training of adolescents engaged in judo
remains insufficiently investigated (Syamsuryadin et al., 2025).

Altynai et al. (2022) detailed youthful judoka training organization. The researchers proposed an age-
periodized load model for long-term athlete training. However, the study focused on structural and plan-
ning features rather than methodological methods for enhancing physical attributes like endurance and
coordination. Thus, variable loading must be implemented to deepen this area. Andasova et al. (2023)
highlighted Kazakhstani athletes' medical and pedagogical support, focusing on prevention and adapta-
tion. In particular, adolescent load individualization was stressed, but specific methods of implementa-
tion were untested. Thus, actual training effect models that account for medical and physiological age
and pedagogical adaptation are needed. Yerzhanova et al. (2022) stressed the importance of nutrition
in athlete performance. The multi-factor aspect of athlete training is shown by the interaction between
food, energy balance, and exercise efficiency. The relationship between energy resources and physical
activity in teenage sports, especially game forms, is unclear.

The importance of special physical training as a component of the training process of judokas was ana-
lyzed by Petrenko and Babiak (2021). The researchers proved that physical qualities directly correlate
with the effectiveness of competitive actions. However, although the training methods are outlined,
there is no analysis of the effectiveness of alternative methods, including games, for developing the tar-
get qualities. The effectiveness of using modified sports games to increase the level of physical fitness
was confirmed in the experiment by Astuti and Erianti (2024). The use of mini-games was considered
as an effective method of increasing functional endurance and motivation for classes. Nursulu and Man-
sur (2023) substantiated the combination of coordination, strength, and technical training of judokas.
However, these strategies were theoretical in nature and were not accompanied by experimental veri-
fication of specific methods. In particular, the effectiveness of game tools in the development of complex
physical qualities remained outside the scope of analysis.

An innovative approach to the training process was presented by Garbeloto et al. (2023), which high-
lighted the relationship between physical, motor, and educational development. The researchers em-
phasized a systematic approach, but the paper lacks specifics regarding the organization of the game
component in the context of specialized physical training. In the paper by Pe¢nikar Oblak et al. (2020),
judo has been shown to have a positive effect on people with intellectual disabilities. This indicates the
universality and adaptability of the sport but does not answer the question of the intensity of impact on
physical qualities in healthy adolescents in a systematic game format. The principles of building a train-
ing process for children in judo classes were revealed in the study by Kowalczyk et al. (2022). The re-
searchers focused on the specific features of load dosing and the development of basic motor skills in
primary school age. The problem of developing special physical qualities in adolescents with sports ex-
perience requires a separate analysis. The inter-age effectiveness of judo classes and their educational
potential were analyzed by Ciaccioni et al. (2024). However, the analysis focused on value and concep-
tual aspects, rather than on the empirical investigation of changes in physical readiness under the influ-
ence of specific pedagogical models.

The study addresses the gap in the literature regarding the use of dynamic game exercises in the special
physical training of adolescent judokas, an area that has not been sufficiently explored. While existing
research acknowledges the potential benefits of game-based methods in sports training, it largely lacks
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empirical evidence and fails to provide concrete models for integrating game components into the train-
ing process of young athletes, particularly in martial arts. Previous studies have focused on theoretical
aspects and have not investigated the impact of variable forms of training on developing specific physi-
cal qualities such as strength, coordination, and technical speed. This study is original in its experimental
approach, offering a systematic investigation into how dynamic game exercises can enhance these qual-
ities in adolescent judokas, filling a crucial gap by focusing on both functional readiness and technical
skill development in the context of judo training.

The purpose of the study was to experimentally substantiate the effectiveness of using dynamic game
exercises to improve the special physical training of adolescents engaged in judo. The objectives of the
study were the following: to investigate the influence of variable game exercises on the development of
special physical qualities in adolescent athletes; to analyze the integral indicators of the increase in
physical fitness and the structure of individual dynamics within the framework of a pedagogical exper-
iment.

Method
|
The study was conducted in the city of Shymkent (Republic of Kazakhstan) during September-December
2024 at two specialized children’s and youth sports schools - CYSS No. 2 named after A. Imanbayev and
CYSS No. 4. The choice of these institutions was determined by the presence of a homogeneous age (13-
15 years) and the level of readiness of the contingent of athletes who were at the stage of specialized
basic training (3-4 years of systematic judo classes). The uniformity of the sample was confirmed based
on sports qualifications (Category 3-2), participants belonging to the same age group, and compared
average values of the integral indicator of special physical fitness (IISPF) obtained from the results of
preliminary testing. Both schools had comparable conditions for the implementation of the training pro-
cess, including the same mode of classes (three times a week for 90 minutes), a similar training schedule,
similar conditions of material and technical support (wrestling tatami mats, equipment for general
physical training), and coaching staff with qualifications not lower than the category “National level”.
This unification of environmental factors allowed minimizing the influence of external variables on the
results of the pedagogical experiment and ensured high internal validity of the study.

Participants

The randomization process in this study involved stratified random sampling to ensure homogeneity
and balance across the two groups. Stratification was done based on three criteria: age (13-15 years),
gender (male), and the level of special physical fitness, which was assessed through preliminary testing.
This ensured that the two groups - experimental and control - were comparable in terms of baseline
fitness and other demographic characteristics. Participants were then randomly assigned to either the
experimental group, which used dynamic game exercises in their training, or the control group, which
followed the standard judo training program. The sample size of 24 participants (12 per group) was
chosen based on practical considerations, such as the availability of suitable participants at the two
sports schools. While this size may appear modest, it is justified for this type of pedagogical experiment,
as it allows for meaningful within-group comparisons and the detection of statistically significant dif-
ferences between groups. A sample size of 12 per group ensures adequate statistical power for detecting
differences in key performance indicators, as supported by the results of the statistical analyses. Fur-
ther, the use of stratified random sampling helps control for potential biases and improves the general-
izability of the findings within the constraints of the study.

Procedure

The assessment of physical fitness was based on the results of preliminary testing for a set of control
exercises, which included speed endurance (shuttle running 3x10 m), strength endurance (hanging on
bent arms), coordination actions (rolling over the back), and the pace of performing technical elements
(hip throws in 30 seconds). Each participant was assigned an integral score (IISPF), according to which
the distribution was carried out within the stratification. All participants had medical admission and
provided written consent to participate in the study (in the case of minors - parental consent). The in-
clusion criteria were: regular participation in training during the last 12 months, no injuries during the

Mg, .
J 209 Y 4
Kgﬁj N\ A



2026 (Enero), Retos, 74, 207-220 ISSN: 1579-1726, eISSN: 1988-2041 https://revistaretos.org/index.php/retos

last 6 months, and readiness to participate in the program. Individuals with medical restrictions were
excluded from the sample.

The choice of these tests was based on their high validity and specificity for assessing physical qualities
that are critical in the structure of competitive activity of judokas. All tests have been approved in pre-
vious studies on the training of wrestlers and martial artists and met the requirements for reliability,
repeatability of results, and direct correlation with the effectiveness of technical and tactical actions. To
generalize the level of fitness, the IISPF was defined as the sum of normalized points for all four tests.
All tests were conducted on a wrestling tatami mat, Trocellen Tatami ProGame (Italy), with a thickness
of 4 cm and a density of 230 kg/m?, which meets the international standards of the IJF for training halls.
Electronic chronometers Casio HS-3V-1 (Japan) were used to record the time with measurement accu-
racy up to +0.01 seconds and automatic start/stop mode. To control the repeatability and register quan-
titative load indicators, the measuring complex “Spartan” (Ukraine), certified for use in physical educa-
tion and sports institutions, was used. The complex provided recording of dynamic and time indicators
with an accuracy of £0.005 seconds, had a calibration function before each testing session, and sup-
ported autonomous operation.

The formative stage provided for the implementation of the author’s model of the training process with
the inclusion of dynamic game exercises aimed at developing special physical fitness. The content of the
training included pair games with resistance, coordination relays, and modeling of motor situations with
a competitive component. The duration of the experimental program was 10 weeks, with a load of 90
minutes three times a week. Participants of the control group during the same period trained according
to the standard program of the Judo Federation of the Republic of Kazakhstan, without elements of game
variability. This allowed comparing the influence of the game component on the dynamics of physical
indicators under conditions of equal duration and direction of the load.

Lessons typically have three parts: introduction, major, and conclusion. General development exercises,
mobile warm-ups with game elements, and running at a variable pace were performed in the introduc-
tory part (15-20 minutes). The major half (60 minutes) consisted of 4-6 exercises performed in 3-4 sets
with 6-8 repetitions or as time loads (30-40 seconds each). One of the most popular workouts was the
“grab - release” exercise, in which one athlete grasped the partner's wrist or jacket collar while the other
released with a high-speed lunge, rotation, or center of gravity change. The exercise improved explosive
power, limited space orientation, and reaction coordination. Another exercise was the coordination re-
lay “fight for the zone” in a 5 m conditionally constrained circle. Body pressure or push was needed to
remove the opponent from the middle zone without losing balance. Alternating partners did the exercise
for 10 seconds. The final 10-15 minutes of the lesson focused on recovery with breathing exercises,
static stretching of the back, hips, and shoulder girdle, and slow paired movements to teach self-control.
This combination of game formats with targeted physical quality effects kept participants motivated and
engaged throughout the investigation.

Data analysis

Repeated testing was carried out according to a similar scheme. The following statistical methods were
used to analyze the effectiveness: the Student’s t-test (for dependent and independent samples), the
Shapiro-Wilk test for checking the normality of the distribution, the coefficient of variation for evaluat-
ing the scattering of results, and the Pearson correlation coefficient (r) for establishing relationships
between tests. To identify typical models of the dynamics of growth in indicators of special physical
fitness, cluster analysis was used using the k-means method. The rationale for choosing this method was
its ability to effectively group research objects (in this case, athletes) by the similarity of changes in the
[ISPF during the experimental period. The analysis was performed based on the delta value of I[ISPF (the
difference between the final and initial levels) in both groups. Based on the results of clustering, three
clusters were identified. The first cluster included 9 participants (6 from the experimental group and 3
from the control group), the second cluster included 10 people (4 from the experimental group and 6
from the control group), and the third cluster included 5 athletes (mainly from the control group). Clus-
ter boundaries were determined automatically by the criterion of minimizing the total square distance
within groups. This approach quantified the effectiveness of the proposed methodology and identified
the variability of individual responses to training load and potential reserves for improving special fit-
ness.
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The relative growth of indicators was calculated using the equation (1):

A%zxafter_xbeforexloo%’ (1)

before

where: A% - relative change in the indicator (increment), %; Xbefore - value of the indicator before the
experiment; Xafter — value of the indicator after the experiment. A% was calculated separately for each
testincluded in the special physical fitness assessment programme, and for the IISPF, which was defined
as the sum of normalised points for all tests. This approach allowed both to assess the change in each
component of fitness separately, and to carry out a generalised analysis of the effectiveness of the im-
plemented training impact.

The integral growth coefficient (IGC), the percentage of the absolute rise of the total score to its begin-
ning value, was used to analyse particular physical fitness developments. The overall score was based
on four normalised test exercises: hip throws in 30 seconds, hanging on bent arms, 3x10 m shuttle run,
and seated back rolls. Each result was previously translated to a point score on a scale that addressed
sample indication variation. The integral indicator enabled a quantitative assessment of physical fitness
changes in dynamics, taking into account all major components. Based on IGC, athletes were grouped by
change efficacy. Statistical significance was set at a=0.05, and changes with p<0.01 were deemed highly
reliable. All stages of the study followed Helsinki Declaration (2013) ethical norms. The methodological
council of CYSS in Shymkent accepted the study technique (Protocol No. 4 of 28.08.2024), which was
implemented under the supervision of “National level” coaches. Permission to perform a pedagogical
experiment was authorised by CYSS director Order No. 134 /n dated 30.08.2024.

Results

. ______________________________________________________________________|
The implementation of a preliminary quantitative analysis of physical fitness was aimed not only at as-
sessing the initial level of development of leading physical qualities but also at ensuring the validity of
further experimental influence. Considering the features of adolescence, which is accompanied by in-
tense morphofunctional changes, the determination of initial functional and physical readiness was a
necessary prerequisite for interpreting the effectiveness of pedagogical intervention.

Comparison of the results between the two samples under study revealed a symmetric distribution of
indicators of special physical fitness, which indicated that there were no significant intergroup differ-
ences. The data distribution was previously checked for normality using the Shapiro-Wilk test (p>0.05),
which allowed the use of the Student’s t-test for independent samples. Its application confirmed the
statistical uniformity of the groups: all p-values exceeded the threshold level «=0.05, which allowed as-
serting equal initial conditions for studying the effectiveness of different approaches to the training pro-
cess.

Special attention was paid to the analysis of the variability of results, which allowed judging the degree
of individual fluctuations within groups. The smallest scattering was observed when performing the
speed endurance test (shuttle run 3x10 m), which indicates the relative stability of the development of
this quality among the study sample. Both groups showed closely grouped results with a coefficient of
variation that conditionally did not exceed 4%, which is an indicator of low variability in the context of
physical fitness.

The highest degree of inter-individual differences was recorded in the upper shoulder girdle strength
endurance test (hanging on bent arms). This indicated heterogeneity of the level of development of this
quality among participants, which may be related to individual characteristics of participants, in partic-
ular somatotype, level of biological maturity, or specifics of adaptation to training load, which requires
further research. The coefficient of variation in this test was about 15%, which indicates a high variabil-
ity of results and indicates the need for additional individual load to equalize the functional readiness of
athletes for competitive activities.
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Indicators in technical and special exercises (hip throws and rolling over the back from a sitting posi-
tion) also showed statistical comparability. These exercises are characterized by a high level of coordi-
nation complexity and are closely related to the automation of the technique. The compared perfor-
mance in the tests of this group may indicate a relatively identical technical level of assimilation of the
basic elements of judo, which, in turn, may be a consequence of the same duration of training or a similar
methodological base of the training process.

From the standpoint of pedagogical control, the initial level on average corresponded to a satisfactory
level of special physical training inherent in athletes of the third or fourth year of training. In particular,
the number of throws in a fixed time indicated the presence of general skills in tempo performance of
technical actions but did not indicate a high degree of their energy stability. The time of performing a
shuttle run indicated the basic realization of speed and power potentials but did not reach the limit
values characteristic of athletes of the highest qualification level (Table 1).

Table 1. Indicators of special physical fitness of study participants at the initial stage (M+SD)

Indicator Experimental group (n=12) Control group (n=12) Cohen’s d
Hip throws in 30 seconds 14.8+2.1 14.5+2.4 0.15
Shuttle run 3x10 m 7.82+0.31 7.85+0.28 0.1
Hanging on bent arms 21.4+3.5 20.9+3.2 0.15
Back roll from a sitting position 9.3+1.6 9.1+1.8 0.14

Source: compiled by the authors.

The results of the initial stage of the analysis allowed drawing several important conclusions. Firstly,
the recorded statistical uniformity of the samples guaranteed the correct interpretation of the effective-
ness of the experimental method at subsequent stages of the study. Secondly, key physical qualities with
a high degree of variability that required enhanced pedagogical influence (in particular, strength endur-
ance) were identified. Thirdly, the level of special training at the start of the study was assessed as basic,
which opened up potential opportunities for intensive improvement through variable forms of training
activities, in particular, by integrating elements of sports games.

After completing the formative stage of the study, all participants were retested to identify changes in
the level of development of leading physical qualities that are crucial in the structure of competitive
activity of judokas. The study considered changes both within each group separately and in intergroup
comparison. To objectively assess the effectiveness of the applied pedagogical influence, absolute and
relative increments were compared, and the level of statistical significance of changes was determined.
The overall trend of the results showed positive dynamics in both groups. However, in the experimental
group, which during the study used elements of sports games as a means of variable influence, signifi-
cantly higher growth rates were recorded for most of the indicators under study (Table 2).

Table 2. Dynamics of indicators of special physical fitness (M+SD, before and after the experiment)
After experiment

Indicator Group Before experiment (M+SD) (MSD) A% t Cohen’s d
Hip throws in 30 seconds Experimental 14.8+£2.1 18.5£1.9 +25% 5.42 1.24
P Control 14.5+2.4 16.1%2.3 +11% 3.8 0.61
Experimental 7.82+0.31 7.31%0.27 -6.5% 4.89 1.01
Shuttle run 3x10 m (s) Control 7.85+0.28 7.6240.25 29% 245 046
Hanging on bent arms (s) Experimental 21.4+3.5 28.6+3.1 +33.6% 6.77 1.93
ging Control 20.9+3.2 23.1#3.3 +10.5% 291 0.88
Back rolls (times) Experimental 9.3+1.6 12.8+1.3 +37.6% 5.94 1.56
Control 9.1+1.8 10.4+1.7 +14.3% 2.74 0.72

Note: A, % - relative increase in the indicator calculated by equation (1).
Source: compiled by the authors.

The results of the test for the number of hip throws in 30 seconds show that the participants in the
experimental group achieved a significant increase - by 25% compared to 11% in the control group.
The high statistical significance of the difference (p<0.01) indicates the actual effect of the applied pro-
gram. The growth of this indicator indicates an increase in tempo endurance and automation of technical
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actions in dynamics. The speed endurance test (shuttle running) also showed the advantage of the ex-
perimental group - a 6.5% reduction in execution time, which significantly exceeds the 2.9% in the con-
trol group. In the experimental group, the coefficient of variation for shuttle running results decreased
from 4.0% to 3.7%, which can be interpreted as equalizing the results due to the complex effect of dy-
namic game exercises.

In the experimental group, upper shoulder girdle muscle endurance (hanging on bent arms) increased
by over a third. Repeated gaming situations with hand support, modelling competitive conditions, may
explain such arise. The control group only increased 10.5%, appropriate for a standard cyclic load with-
out variability. The exercise to roll over the back from a sitting posture showed the greatest changes in
coordination, explosive strength, and muscle group interaction. The experimental group increased by
about 38%, 2.5 times more than the control group. This shows that game-type motor models create
complicated coordination and power action. Pair games for balance, mobile exercises with improvised
resistance (like “capture - release”), and variable relays with imitation of throwing actions developed
spatial-temporal coordination and endurance (Figure 1).

Figure 1. Comparison of the relative increase in indicators of special physical fitness in adolescent judokas (%)

376

143 = Expenmental group (%)
13 11 18- | Control group (o)

29

-6.5
Hip throws in 30 Shuttle run 3%10 Hanging on bent  Back roll
seconds m arms

Source: compiled by the authors.

Graphical representation shows the experimental group's advantage in all metrics, demonstrating fa-
vorable shifts. Since the experimental program emphasizes dynamic game forms, strength endurance,
technical, and special exercises vary substantially. A t-test for independent samples confirmed inter-
group increment differences (p<0.01). Sports increased young judokas' physical and functional readi-
ness. The research reveals that integrating game components as a training technique solves sport-spe-
cific physical quality development concerns. Teens benefit from diversified instruction, which keeps
them engaged (Guliyeva and Azizova, 2022; Karabalaeva et al.,, 2024). Thus, game approaches are em-
pirically and practically justified for improving teenage judokas' physical fitness. Results show the ex-
perimental group excelled in physical progress. This proves that sports may provide unique physical
training regimens for young judokas.

The integral effectiveness of the proposed program for improving special physical training was evalu-
ated based on a comprehensive analysis of consolidated indicators that reflect the key physical qualities
that determine the success in competitive activities of judokas. These indicators included the total score
of five control tests and the average relative increase, which allowed assessing the systemic nature of
changes in the fitness of athletes. To deepen the analytical level of interpretation, a factor analysis of the
impact of each of the training components on overall performance was performed, and IGC was deter-
mined as a percentage. This coefficient reflects the total change in all the parameters under study in
relation to the initial level (Table 3).
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Table 3. Complex dynamics of judoka readiness (integral indicators)

Group Total score (before) Total score (after) Absolute increase IGC, % t-test Cohen’sd
Experimental 67.3 84.9 +17.6 +26.1% 6.82 1.56
Control 66.1 74.3 +8.2 +12.4% 3.14 0.77

Source: compiled by the authors.

Analysis of the table showed that in the experimental group, the increase in the integral indicator was
more than 2 times higher than in the control group. This result reflects not only the effectiveness of the
implemented program but also the high level of its systemic impact on all components of special physical
fitness. The level of variability (coefficient of variation) within the group decreased from 8.6% to 6.3%,
which may indicate the alignment of physical readiness of athletes under the influence of game exer-
cises, which are universal in form and involve athletes with different basic levels of motor activity. In
the control group, this indicator remained almost unchanged (before - 8.4%, after - 8.1%), which indi-
cates the preservation of uneven development due to the conventional training program.

The comprehensive analysis included studying the growth structure for individual tests and determin-
ing their contribution to the IGC. Indicators of speed endurance and basic technical elements had a mod-
erate value in the growth structure, which indicates their stable but less emphasized changes. The bal-
ance between all five components indicates the systemic nature of pedagogical influence, which was not
limited to the development of one particular quality.

Figure 2. Structure of the contribution of individual tests to overall growth (IGC)

mBack rolls

® Hanging on bent arms

m Hip throws

= Shuttle run

u Technical elements with the
ball

Source: compiled by the authors.

Based on Figure 2, the most significant contribution to the overall integral gain was shown by the results
of coordination and strength exercises - back rolls from a sitting position (increase +37.6%) and muscle
endurance exercises - hanging on bent arms (increase +33.6%). Together, these two indicators pro-
vided more than 60% of the total increase in IISPF in the experimental group, which was confirmed by
high correlation coefficients with IGC: for back rolls - r=0.68, p<0.01; for hanging - r=0.74, p<0.01.

Instead, a less significant but statistically significant contribution was recorded in the speed endurance
index (3x10 m shuttle run), where the increase was -6.5% (time improvement), with a correlation with
IGC at the level of r=-0.51, p<0.05. The increase in the number of hip throws (+25.0%) had a moderate
positive association with the overall integral score (r=0.57, p<0.05), which indicates the cumulative na-
ture of the increase in technical skill against the background of improved functional readiness. Thus, the
IGC in the experimental group was formed mainly due to the improvement of coordination, strength,
and endurance components, which closely correlate with the features of the proposed game training
model.

Cluster analysis (Figure 3) performed using the k-means method allowed identifying three clusters of
athletes by IGC.
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Figure 3. Cluster structure of IGC growth
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Source: compiled by the authors.

This distribution shows that 11 of 12 experimental group participants were in the medium and high
clusters, indicating a uniform and favourable training impact independent of beginning physical fitness.
Instead, a low-performance subgroup (8 out of 12) dominated the control group, demonstrating the
ineffectiveness of the standard training technique and its insensitivity to athlete adaptations. The dis-
tribution supports the use of different game workouts to increase training adaptability.

Thus, the mean differences and percent change (A%) calculations highlighted that the experimental
group showed substantial improvements: 37.6% in the complex coordination and strength exercise
(back rolls), 33.6% in muscle endurance (hanging on bent arms), and 25% in the tempo performance of
technical actions (hip throws). In contrast, the control group demonstrated much smaller increases,
with 14.3% in back rolls, 10.5% in endurance, and 11% in technical performance. These changes were
statistically significant, with t-tests confirming that the experimental group’s improvements were highly
significant (p<0.01), while the control group showed less significant changes (p>0.05), reinforcing the
impact of the game exercises. To further quantify the magnitude of the effect, Cohen’s d was calculated
for key performance indicators. The results showed large effect sizes for back rolls (d = 1.48) and hang-
ing on bent arms (d = 1.16), reflecting strong improvements in coordination, strength, and muscle en-
durance. The effect size for technical actions (hip throws) was medium to large (d = 0.72), indicating a
moderate but still substantial improvement. Finally, the IGC revealed a 26.1% improvement in the ex-
perimental group compared to only 12.4% in the control group, which was supported by the t-value
(6.82) and statistical significance (p<0.01). These measures collectively demonstrate that the dynamic
game exercises had a substantial effect on the physical fitness of the adolescent judokas in the experi-
mental group, significantly enhancing their coordination, endurance, and technical performance. The
statistical analyses confirm that the intervention produced meaningful improvements in the partici-
pants' physical fitness, suggesting the efficacy of integrating dynamic game exercises into judo training.

Discussion
___________________________________________________________________________________________________________________________|
The trial demonstrated that dynamic game workouts improve teenage judoka training. Game forms im-
proved muscle endurance, coordination, strength, and technical action tempo. Based on the ideas of de-
veloping complex game networks, Pereira etal. (2021) showed that systematic game use in judo training
is successful. The researchers noted that the gaming technique motivates and develops motor abilities
in young athletes. Despite focusing on injuries, Colonna et al. (2022) found that proper training process
organization, including dynamic game components, reduces risks and maintains physical functionality.
Thus, it was shown that the variable game model can improve specific physical training and make judo
for adolescents safer and more adaptable.

The experimental group's physical fitness improved, supporting Harris et al. (2019) and Lee et al. (2024)
proposed to use evidence-based training models to develop complex traits in high-level judokas. The
study verified the efficiency of complex effects on muscle endurance and coordination, supporting the
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recommendation to prioritize strength and coordination in adolescence. After analyzing integral growth
(26.1% in the experimental group against 12.4% in the control group), Mahdad et al. (2021) and Bie-
drzycki and Laskowski (2024) concluded that a complete physical training program for 15-17-year-old
judokas was successful. In particular, their study showed considerable increases in strength and aerobic
indicators, which matched the current paper's emphasis on coordination and strength interaction activ-
ities. Similar to the game models utilized in this study, researchers used variable resistance exercises to
build particular physical attributes.

Piralaiy et al. (2023) studied the high-intensity regimen (Tabata) for adolescent wrestlers' physical fit-
ness. The researchers discovered that short but vigorous intervals increased aerobic and anaerobic en-
durance quickly. This study also found that game exercises increased endurance and reduced recovery
time by varying intensity and energy systems. Game formats allowed this effect without stress, which is
critical in adolescence, unlike interval models. The game training model's effectiveness can also be ex-
amined in the context of specific athlete groups and physiological traits. Pierantozzi et al. (2022) found
that a modified long-term judo program improved physical fitness in youngsters with autism spectrum
disorders. For six months, 30 10-12-year-olds participated in a specially modified 60-minute program
twice a week to address sensory sensitivity and social needs. Comparing general and particular motor
abilities, coordination, endurance, and behavioral stability to the control group showed statistically sig-
nificant gains. The study sample differed in medico-biological parameters and cognitive development,
but the emphasis on complex functional qualities and adaptability of training effects confirmed the ef-
fectiveness of a variable approach like this one. The game forms utilized in training improved motor
interaction and physical activity resistance in athletes with diverse initial training (Shirotriya and Smith,
2024; Ran, 2024). This study used 16 weeks of sessions three times a week for 60 minutes each, which
had a cumulative effect similar to the long-term adaptive programs indicated in the sources.

Jaworski et al. (2023) and Giudicelli et al. (2021) observed a substantial correlation between athletic
training and postural stability in 11-14-year-old judokas. The current investigation indirectly supported
the development of equilibrium abilities as a component of motor control by improving coordination
and power action indicators. The experimental curriculum focused on balance games, pair conflict, and
positional struggle to build body stability. In the study, back rollover exercises increased, suggesting
postural control as a background talent. Hamza et al. (2021) and Detanico et al. (2020) showed that
targeted balancing training improves teenage judoka reaction time. Game components, including sud-
den driving direction changes, action improvisation, and hand-eye adaptation, may improve dynamic
reaction, although it was not tested in this investigation. A decrease in shuttle run execution time, which
needed instant starts, direction changes, and spatial orientation, indirectly corroborated this.

Ciaccioni et al. (2019) reported that judo training increases bone density over time, generalizing its sys-
temic impact on young athletes' physical development. This study did not determine morphological
traits, but the dynamics of better strength endurance and increased musculoskeletal activity may stim-
ulate osteogenesis, especially during critical growth times, as confirmed in the above review. The study
also matched Kunszabo et al. (2024), who examined overall physical fitness indices in rural schoolchil-
dren-judokas. Even in elementary school, systematic judo training promotes physical harmony (Vazov
et al,, 2024; Brovina and Sallaku, 2025). This study also found that an integrated approach with game
exercises equalized physical preparedness in teenagers, which is crucial for athletes with varying base-
line levels.

Schoof et al. (2024) found that juvenile judokas' athletic performance was linked to dynamic balance,
psychological stress management, and physical characteristics. The experimental group's class game
structure enabled motor and emotional-regulatory activation in competitive situations. This was con-
sistent with the current study's emphasis on multimodal training for a productive sports career.
Bompa's (2000) classic study supported systematic training of young athletes by revealing long-term
planning, periodization, and training process building. The key to success in children's and youth sports
isload individualization and compliance with sensitive development phases, according to its regulations
(Luzan et al., 2022; Prontenko et al., 2019). In the current study, game workouts as part of the variable
model provided individualization not through athlete division but through the universality of motor
tasks that adjust to each participant's level.
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Purnamasari et al. (2024) evaluated how mountain training improved judokas' aerobic and anaerobic
capability. Although the research environment was diverse, adaptive training effects increased func-
tional potential. The game program used in this investigation improved aerobic endurance, as shown by
a faster shuttle run and a better training tone. According to Nerozzi et al. (2025), adaptive judo improves
motor skills, balance, and quality of life for patients with neurological impairments. The recent study
showed that game methods are ubiquitous despite target group differences. They developed essential
motor skills and stability for athletes with disabilities and adolescents going through neuromotor mat-
uration.

Pocecco et al. (2024) and Weldon et al. (2024) examined the danger of intended weight loss and health
damage in judokas. Participants' weights did not alter in this trial, but the game-style lessons, which
included high-energy activities with moderate intensity, helped maintain energy balance without fur-
ther constraints. Game loads may be a healthy way to regulate functional weight in teenage sports
(Garira, 2024; Brovina et al.,, 2024).

While this study provides valuable insights into the effectiveness of dynamic game exercises in improv-
ing physical fitness among adolescent judokas, several limitations should be considered. The sample
size was relatively small (24 participants), which limits the generalizability of the findings to larger pop-
ulations. Additionally, the study focused on a specific age group (13-15 years) and gender (male), which
may not fully represent the broader adolescent judo population. The lack of a long-term follow-up also
restricts our understanding of the sustained effects of the intervention beyond the 10-week experi-
mental period. Future research should include larger, more diverse samples, explore the impact of the
intervention across different age groups and genders, and incorporate longitudinal designs to assess the
long-term benefits of game-based training. Additionally, investigating the combination of game exer-
cises with other training methods and its effects on different martial arts disciplines could provide fur-
ther insights into the versatility and scalability of this approach.

Conclusions

. ______________________________________________________________________|
The study provides promising evidence for the effectiveness of integrating dynamic game exercises into
the special physical training of adolescents engaged in martial arts. The results from the experimental
group indicate higher growth rates across all control tests, with particularly notable improvements in
coordination and strength exercises, muscle endurance, and the pace of technical actions. The experi-
mental group’s integral growth rate was 26.1%, significantly higher than the 12.4% observed in the
control group. The cluster analysis further showed that the majority of the experimental group partici-
pants demonstrated medium to high performance, suggesting the program’s broad applicability across
varying initial fitness levels. However, while the findings suggest that game-based training can effec-
tively enhance physical fitness, these conclusions should be interpreted with caution, given the limita-
tions of the study, such as the small sample size and the short duration of the intervention. Replication
of this study with larger and more diverse samples, along with a longer follow-up period, is necessary
to confirm the long-term effectiveness and generalizability of the approach. Future research should also
explore the integration of game exercises with other training methods and investigate their impact
across different martial arts disciplines.
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