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Abstract. The decline in physical activity among adolescents in the context of digitalisation and increasing academic
workload highlights the need to understand the mechanisms of forming sustainable motivation for systematic physical
education in the 11-18 age group. The aim of the study was to identify and summarise the psychological determinants,
sociocultural influences and pedagogical tools that contribute to the development of adolescents’ motivation for physical
education and sports activities, taking into account modern digital tools. The research was carried out through a systematic
analysis of 43 peer-reviewed publications for the period 2015-2025 from international databases using content analysis,
thematic systematisation and comparative comparison of the effectiveness of various pedagogical technologies. Analysis
of psychological factors found that intrinsic motivation was a key predictor of daily physical activity among adolescents,
with the satisfaction of basic psychological needs mediating approximately 25% of the influence of parental support on
activity levels. Gender differences manifested themselves in the fact that boys demonstrated a higher orientation towards
the perception of physical competence and competitiveness, while girls valued aesthetic aspects and social interaction
to a greater extent. The study of sociocultural factors revealed a hierarchical structure of influences, where the family
environment played the role of the primary agent of socialisation through the mechanisms of parental expectations and
behaviour modelling, while peer support and digital forms of interaction created additional channels of motivational
influence. Analysis of pedagogical technologies showed that gamified interventions based on self-determination theory
lasting more than 12 weeks increased moderate-intensity physical activity, with group training having a stronger effect than
individual forms. The results made it possible to develop a three-level system of recommendations for teachers, coaches
and organisers of physical education and sports activities, covering individual pedagogical interaction, the organisation
of the educational process and systemic policies with an emphasis on supporting the autonomy, competence and social
belonging of adolescents. The practical significance lies in creating an evidence base for the development of effective
programmes to increase physical activity among young people, taking into account age, gender and cultural characteristics

Keywords: basic psychological needs; self-determination; goal setting; gamification; autonomy; digital tools

Introduction
Adolescence is a critical period for forming healthy hab-  demands, preoccupation with digital technologies, and
its, but it is precisely at this time that there is a significant ~ changing priorities. Understanding the mechanisms of
decline in physical activity due to increasing academic  motivation for physical activity at this age is important for
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preventing physical inactivity and ensuring the harmo-
nious physical and mental development of young people.
LI Rak et al. (2024) conducted a comprehensive study
aimed at determining the level of physical activity of adoles-
cents in the critical conditions of military conflict and de-
veloping strategies to optimise and increase physical activ-
ity during a period of social crisis. The results of the survey
showed a decrease in the level of physical activity of adoles-
cents in wartime compared to the quarantine period: 70.9%
of adolescents demonstrated a low level of physical activi-
ty, 16.5% demonstrated an average level, while only 12.6%
demonstrated a high level of activity. The researchers found
that intrinsic desire was the main motivating factor for in-
creasing physical activity, as indicated by 87% of children
with low activity and 93% of children with high activity.

G.H. Malchrowicz-Mosko et al. (2020) conducted a
study aimed at identifying motivational factors in Polish
children and adolescents aged 12 who participated in run-
ning competitions as part of the “On the Way to the Mar-
athon” project in Poznan. The results of the study revealed
that the greatest motivators for completing the distance
were the immediate feelings of satisfaction and entertain-
ment during participation in a mass competition, reaching
an average score of 6.01 out of 7 points, while the motives of
social affiliation and the desire to be in the company of peers
showed significantly lower scores of 3.96 out of 7 points.
I. So6s et al. (2019) conducted a large-scale comparative
study aimed at investigating the impact of perceived auton-
omous support from parents, teachers and peers on the de-
velopment of motivation among young people in the con-
text of physical education and leisure-time physical activity.
The results of the study showed that perceived autonomous
support from family and peers was associated with higher
levels of autonomous motivation for leisure-time physical
activity in all four countries studied, but the nature of the
influence of physical education teachers varied depending
on the geographical region. The study also found statisti-
cally significant gender differences: boys reported higher
levels of physical activity and perceived more support and
freedom of choice from teachers, while girls showed higher
levels of autonomous motivation in the context of formal
physical education.

I. Harbichova et al. (2025) conducted a study at Charles
University in Prague aimed at identifying and classifying
motivational profiles among Czech young people study-
ing physical education teacher training and sports coach-
ing programmes. The results of the analysis revealed the
existence of four distinct motivational profiles among the
respondents: a group with moderately autonomous moti-
vation (51.5% of the total sample), a group with combined
controlled and amotivated motivation (21.9%), a group
with low motivation for sports activities (19.1%), and a
group with predominantly amotivated motivation (7.5%).
The study by H. Butenko (2025) involved 40 sixth-grade
students who were systematically divided into control and
experimental groups. The results of the study showed that
the introduction of a comprehensive system of physical
education and recreational activities contributed to a sta-
tistically significant increase in the level of motivation of
schoolchildren to engage in physical education, especially
in the context of recreational activities. The students in the
experimental group showed a significant improvement in

physical fitness indicators and an increase in positive atti-
tudes and emotional involvement in physical activity com-
pared to the control group.

S.V. Hryshchenko et al. (2024) conducted a systemat-
ic analysis of scientific literature aimed at studying various
aspects of physical activity among Ukrainian adolescents
aged 11-14 as a component of a healthy lifestyle. The re-
searchers found that there is a trend towards a deteriora-
tion in the health indicators of adolescents in this age group
in Ukraine, while the formation of basic values regarding
a healthy lifestyle remains a critically important task. The
scientists concluded that maintaining the health of Ukrain-
ian adolescents aged 11-14 in wartime appears to be an ef-
fective form of both prevention and health promotion for
young people. K. Fromel et al. (2025) conducted a compar-
ative study of the impact of the COVID-19 pandemic on
the physical activity patterns of Czech and Polish adoles-
cents in different segments of the school day. The results of
the study showed that both Czech and Polish boys and girls
demonstrated statistically significantly lower transport-re-
lated physical activity to and from school after pandemic re-
strictions compared to the pre-pandemic period. The study
found that the COVID-19 pandemic disrupted regular
physical activity habits on school days, which was particu-
larly evident in reduced activity during commutes to school.

C. Cefai et al. (2025) conducted a large-scale global
study aimed at investigating the association between physi-
cal activity levels and life satisfaction in 15-year-old adoles-
cents from 64 countries around the world. The researchers
analysed data from the 2022 Programme for International
Student Assessment, which covered 399,794 15-year-old
students. The results of the study showed that even after
controlling for these multilevel factors, physical activity re-
mained positively and statistically significantly associated
with students’ overall life satisfaction. An analysis of gen-
der differences in the magnitude of this association showed
that gender disparities did not reach statistical significance
in most countries (55 out of 64), indicating the universal-
ity of the effect regardless of gender. Despite their value,
the above-mentioned studies have certain limitations:
most of them focus on specific contexts (armed conflict,
the COVID-19 pandemic) or specific age groups, which
makes it difficult to generalise the results to the wider ad-
olescent population. In addition, some of the studies were
conducted in individual countries, which limits the possi-
bility of extrapolating the conclusions to other cultural and
socio-economic contexts. The aim of the study was to sys-
tematise the psychological, sociocultural and pedagogical
factors that shape motivation to engage in physical culture
in adolescence.

Materials and Methods
The presented study was review-analytical and aimed at
systematising and critically analysing scientific publica-
tions devoted to psychological, sociocultural and peda-
gogical factors influencing the formation of adolescents’
motivation to engage in regular physical activity. The study
was conducted during 2024-2025 based on leading inter-
national scientometric databases. A systematic literature
search was conducted in PubMed/MEDLINE, Web of
Science Core Collection, Scopus, PsycINFO, SPORTDis-
cus and ERIC databases using search queries in English:
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“adolescent motivation AND physical activity”, “self-de-
termination theory AND youth sport”, “gamification AND
adolescent exercise” and other combinations of key terms
with Boolean operators. The inclusion criteria involved the
selection of peer-reviewed articles mainly from 2019-2025
(some works from 2015-2018 were included if they were
methodologically relevant) with empirical data on the mo-
tivational mechanisms of physical activity in adolescents
aged 11-18 (studies with samples that partially covered
the age of 10 or 19-20 were allowed if the majority of re-
spondents corresponded to the target range), valid psy-
chometric instruments, and publication in journals with
an impact factor. Exclusion criteria included publications
about adults or preschoolers, studies without clear meth-
odology, duplicate works, and non-peer-reviewed materi-
als. The initial search identified 247 publications, of which
103 were selected for full-text analysis, and 43 sources that
most closely met the objectives and quality criteria were ul-
timately included in the systematic analysis. An additional
8 sources were included in the introduction to contextual-
ise the research topic.

The methodological basis was a content analysis of
scientific publications using the principles of systematic
review, which ensured a structured approach to the selec-
tion and synthesis of empirical data. Each publication was
analysed according to the following parameters: sample
characteristics, methodological design, theoretical frame-
work, psychometric instruments, statistical methods, and
practical implications. Thematic analysis was used to sys-
tematise motivational factors according to their nature into
internal psychological determinants, sociocultural factors
and pedagogical means, with an assessment of empirical
validity based on the number of studies and the magni-
tude of effects. Comparative analysis was used to compare
the effectiveness of traditional and innovative pedagogical
technologies, gender-specific features of the perception of
motivational stimuli, and the effectiveness of individual
and group forms of classes depending on the basic moti-
vational level of participants. Zotero (version 7.0.11) and
Microsoft Excel 2021 (version 2405) software was used to
systematise the data.

The results were interpreted through the prism of Ed-
ward Deci and Richard Ryan’s self-determination theory
(Ryan & Deci, 2017), which allowed to integrate empir-
ical data into a conceptual model of forming sustainable
motivation through the satisfaction of basic psychological
needs for autonomy, competence, and social belonging.
The analysis included the identification of causal relation-
ships, mediating mechanisms, and moderators of the ef-
fectiveness of motivational interventions, while a critical
analysis of methodological limitations allowed to formu-
late directions for further research. Attention was paid to
identifying contradictions between different studies and
gaps in the existing scientific base in order to determine
priority areas for future empirical research. The synthesis of
results was aimed at developing a set of scientifically based
practical recommendations for teachers, coaches, parents,
and organisers of physical education and sports activities.
The recommendations were structured according to three
levels of intervention: the micro level of individual peda-
gogical interaction, the meso level of educational process
organisation, and the macro level of systemic policies, with

a particular focus on vulnerable groups of adolescents.
Each recommendation was accompanied by references to
specific empirical studies confirming its effectiveness, with
a description of the expected results and possible limita-
tions of application.

Results and Discussion
Psychological factors and internal determinants of ado-
lescents’ motivation for physical activity
The motivation of adolescents to engage in physical activity
was shaped by a complex interaction of internal and ex-
ternal factors, as confirmed by numerous scientific stud-
ies. H. Kalajas-Tilga et al. (2020) demonstrated in a longi-
tudinal study of 397 adolescents aged 11-15 that internal
motivation for physical education was the only significant
motivational predictor of daily physical activity measured
objectively (f=0.29; p=0.009), while identified regulation,
introjected regulation, and external regulation did not show
statistically significant associations with activity levels. The
satisfaction of basic psychological needs positively predict-
ed intrinsic motivation (B =0.86; p=0.001), which mediat-
ed the relationship between perceived autonomy support
from physical education teachers and objectively measured
moderate- and high-intensity activity. The self-determi-
nation theory of R.M. Ryan & E.L. Deci (2017) postulated
three basic psychological needs — autonomy, competence,
and social belonging - as fundamental to the development
of quality motivation.

Data on the relationship between internal and exter-
nal motivation among adolescents was presented by M.E.
Is1kgoz (2025) in a study of 1,399 Turkish high school stu-
dents, where the average internal motivation score was 5.68
(SD=1.51) on a seven-point scale, identified regulation -
5.77 (SD =1.22), introjected regulation - 4.13 (SD =1.74),
and external regulation - 3.69 (SD =1.68), which indicat-
ed the predominance of autonomous forms of motivation
over controlled ones. Internal motivation showed a strong
positive correlation with positive emotions of achievement
(B=0.63; p<0.001) and a negative correlation with negative
emotions (B =-0.68; p <0.001), while external motivation
showed only a weak correlation with positive emotions
(B=0.07; p<0.001) and did not correlate significantly with
negative emotions. R.K. Dishman et al. (2018) tracked 260
adolescents from grades 6 to 9 and found an annual decline
in all forms of motivation, including intrinsic motivation
(-0.100 units per year), integrated regulation (-0.138), iden-
tified regulation (-0.104), introjected regulation (-0.089),
and external regulation (-0.095). Physical activity declined
less in adolescents who maintained higher levels of intrinsic
motivation or integrated regulation, but only if they main-
tained a high level of enjoyment goals compared to other
students, confirming the interaction between the quality of
motivation and the content of goals as a modifier of the ef-
fect. R. de Oliveira Barbosa et al. (2024) surveyed 553 Bra-
zilian adolescents aged 12-15 and found that autonomous
motivation mediated 25% of the association between pa-
rental support and physical activity, 38% of the relationship
between the satisfaction of basic psychological needs by
peers, 83% by teachers, and 70% between the perception of
the environment and activity. Autonomy, competence, and
relatedness, which formed the core of self-determination
theory, influenced motivation by creating an environment
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that satisfied these needs: support for autonomy by physi-
cal education teachers positively predicted the satisfaction
of psychological needs (f=0.81; p=0.001), which in turn
strengthened intrinsic motivation and indirectly increased
the levels of physical activity among adolescents aged 12-17.

Gender differences in body perception were found
to be significant predictors of motivational attitudes.
K. Sick et al. (2025) in a longitudinal study of Canadian
adolescents (n =7,884; 52.2% girls; mean age 14.4 years)
demonstrated that a positive self-concept and perception
of physical attractiveness in 9" grade predicted continued
participation in physical education in 10" grade, predom-
inantly among boys. For boys, each unit increase in global
self-concept predicted a 4% increase in the likelihood of
continuing physical education (OR = 1.04; 95% CI: 1.01-
1.07; p < 0.05), while for girls this effect was statistically
insignificant (OR = 1.02; p > 0.05). With regard to the per-
ception of physical attractiveness, girls and boys showed
gender differences: boys who reported the most positive
perception of their own appearance were 12% more likely
to continue physical education than their peers who ex-
pressed dissatisfaction with their appearance (OR =1.12;
95% CI: 1.02-1.22; p < 0.05), while for girls this relationship
remained statistically insignificant.

S. Pavlovi¢ et al. (2025), in a study of 398 pupils of
secondary educational institutions aged around 10 years,
identified gender differences in the relationship between
physical self-concept and physical activity. Among boys,
the highest levels of activity during physical education les-
sons were associated with higher perceived sports compe-
tence (M =3.86, SD =0.47 in the most active group com-
pared with M =2.19, SD =0.88 in the low-activity group;
p=0.01), whereas gender differences were evident in that
girls with the highest activity levels showed higher ratings
of satisfaction with their physical appearance (M = 3.94,
SD=0.61 compared with M=3.12, SD=0.39 in the low-ac-
tivity group; p=0.01), with no significant differences in per-
ceived sports competence. Intrinsic motivation was found
to be strongly associated with activity: in the most active
group, boys demonstrated a score of 5.29 (SD=0.39) com-
pared with 3.66 (SD =0.36) in the low-activity group, while
among girls the corresponding values were 5.11 (§D=0.13)
and 3.92 (SD=0.75).

Fear of failure and achievement striving proved
to be critical motivational factors in adolescent sport.

M.J. Schmid et al. (2021), in a longitudinal study of 155
young individual-sport athletes (mean age 16.47 years),
traced the relationship between motivational patterns and
subsequent sporting success over a period of 2.5 years. Ath-
letes with high intrinsic achievement motivation who si-
multaneously demonstrated low levels of fear of failure had
twice the likelihood of competing at the international level
compared with the control group (OR=2.12; 95% CI: 1.03-
4.33; p<0.05). In contrast, athletes characterised as “fear-
of-failure athletes” showed a significantly lower probabili-
ty of reaching the highest level of competition (OR = 0.29;
95% CI: 0.11-0.82; p < 0.05). Mean fear-of-failure scores in
the group of fear-of-failure athletes were 1.12 (SD =0.57),
whereas in the most successful group this indicator was
only 0.14 (SD =0.22), demonstrating a substantial differ-
ence in motivational profiles. Q. Hu et al. (2023), in a study
examining the impact of coaching style on fear of failure in
252 active athletes, found that a controlling coaching style
was negatively correlated with satisfaction of basic psycho-
logical needs (r=-0.356; p <0.001) and positively correlated
with controlled attachment to sport (r=0.364; p <0.001),
which in turn strongly predicted fear of failure (= 0.28;
p<0.001). Satisfaction of basic psychological needs demon-
strated a powerful protective effect against fear of fail-
ure (B =-0.36; p <0.001), with this effect being mediated
through a reduction in controlled attachment. The model
showed that basic psychological needs and controlled at-
tachment mediated 71.18% of the total effect of coaching
style on fear of failure (95% CI: 0.395-0.899). Gender differ-
ences in the manifestation of fear of failure were also sub-
stantial. E Ahmedov et al. (2025), in a study of 279 athletes
aged 12-29 years, identified a strong positive correlation
between pre-competition anxiety and fear of failure across
all groups (r > 0.50); however, boys demonstrated higher
levels of both pre-competition anxiety and fear of failure
compared with girls, with psychological difficulties inten-
sifying with age. The evidence points to a complex inter-
action between intrinsic and extrinsic motivational factors
regulating adolescents’ participation in physical activity,
with different types of motivation exerting differentiated
effects on behaviour and sport commitment. Below, in Ta-
ble 1, a structured classification of the main motivational
factors influencing adolescents’ physical activity is present-
ed, with an emphasis on their psychological content and
methods of enhancement.

Table 1. Classification of motivational factors of adolescents’ physical activity by psychological content

Type of motivation Psychological basis Manifestations in adolescents Stability of the motive | Methods of enhancement
Intrinsic process-oriented Enjoyment of the process | Joy derived from movement and play High Variety of exercises
Intrinsic outcome-oriented Goal achievement Improvement of performance Moderate Goal setting

Extrinsic social Recognition by others Approval from peers Low Group-based training
Extrinsic material Rewards Prizes, certificates Very low Reward systems
Health-related motivation Concern for health Disease prevention Moderate Educational programmes

Social-communicative Communication Friendship, team involvement High Team sports

Aesthetic Physical beauty

Body shaping

Moderate-high Fitness, dance

Source: developed by the authors based on research by D. M. Litt et al. (2011), J. Martins et al. (2021), L. Liu et al. (2025)

As a conclusion drawn from Table 1, there is a qual-
itative difference between intrinsic and extrinsic motives
in terms of their stability and psychological consequences,
since intrinsic process-oriented and social-communicative

motivation show the highest stability precisely because they
satisfy the fundamental psychological needs for autonomy,
competence and relatedness. In contrast, extrinsic materi-
al motivation proves to be the least stable, as it does not
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engage deep psychological mechanisms of self-regulation
and is easily displaced when external conditions change.
Equally important is the relationship between the type
of motivation and adherence to participation: when ado-
lescents are motivated by intrinsic factors (enjoyment of
movement, attainment of competence, social interaction),
they demonstrate a higher proportion of long-term en-
gagement in physical activity and lower dropout rates from
sport, whereas reliance on material rewards often leads to
a phenomenon of “demoralisation’, whereby the cessation
of rewards causes a sharp decline in motivation even when
initial interest was present. A further notable feature is that
aesthetic and health-oriented motivation occupy an inter-
mediate position, combining elements of intrinsic enjoy-
ment with the pursuit of external outcomes. This indicates
that the most effective programmes for promoting physical
activity should integrate several types of motivation simul-
taneously, particularly taking into account the needs for
competence and relatedness as key drivers of behavioural
change in adolescents.

S.G. Goddard et al. (2025) presented a structured
goal-setting approach based on the principles of specificity,
measurability, attainability, relevance and time limitation.
Goal specificity enabled adolescents to clearly understand
the targeted aspects of sporting activity. Measurability en-
sured objective assessment of progress and the provision of
positive feedback on achievements. Personalisation of goals
on the basis of existing capabilities and individual interests
was associated with increased intrinsic motivation among
adolescents who set individual goals aimed at a 5-10% im-
provement relative to their own baseline, rather than nor-
mative benchmarks. K.R. Ylitalo et al. (2023), in a study
of 151 adults, identified an association between self-regu-
latory strategies and physical activity levels at follow-up:
each one-unit increase in a self-regulation strategy score
was associated with an additional 20.5 MET-minutes (met-
abolic equivalent of task) of daily physical activity (b=20.5;
SE=9.8; p=0.04), after adjustment for age, sex and baseline
physical activity levels. Self-monitoring of physical activity,
goal setting and self-reward constituted the self-regulation
strategies showing the greatest frequency of change from
baseline to follow-up.

C.B. Phillips et al. (2020), in a study of 85 adults, identi-
fied a moderating role of delay discounting in the effective-
ness of financial incentives for increasing physical activity.
Delay discounting indices ranged from a log geometric
mean k of -8.75 t0 -1.39 (M =-4.93; SD=1.60). At the lowest
levels of delay discounting, the difference in effect between
immediate and delayed rewards amounted to 3,105 steps
per day from baseline to the intervention phase (b=3,105;
p=0.004), whereas at the highest levels this difference was
2,698 steps per day (b=2,698; p=0.012). Delay discount-
ing indices were negatively correlated with age (r=-0.32
among younger individuals). S. van de van de Groep et
al. (2023), in a neuroimaging study of 96 adolescents aged
10.16-20.21 years, identified age-related differences in tem-
poral discounting of rewards. Younger adolescents demon-
strated higher levels of delay discounting, whereas older
adolescents showed a greater willingness to wait for larger
delayed rewards. The area under the curve as a measure
of temporal discounting was higher in older adolescents
(F(1,94)=7.20; p=0.009; partial n*=0.07), indicating lower

impulsivity. Social context modified temporal discounting:
when choices involved an immediate reward for a friend
compared with a delayed reward for oneself, the area under
the curve (AUC) was 0.52 (SD =0.24), which was signifi-
cantly lower than in conditions where rewards concerned
only the individual (AUC=0.58; SD =0.25; p=0.002). Ac-
tivation in the subgenual anterior region and the ventral
striatum was positively correlated with impulsivity in the
choice of immediate rewards.

]J.B. Courtney et al. (2021) conducted a longitudinal
study of a nationally representative sample of 2,785 Amer-
ican adolescents from 11™ grade to four years after gradu-
ation to determine the dynamics of physical activity and
the role of motivation in its planning. Physical activity de-
creased by 0.31 days per week from 11* grade to the first
year after graduation (b=-0.31; p=-0.22; p<0.001), but did
not change significantly from the first to the fourth year af-
ter graduation (b=-0.08; B=-0.04; p=0.052). Autonomous
motivation was positively associated with physical activity
throughout the study period (b =0.23-0.33; = 1.90-4.37;
p<0.001). Planning physical activity directly correlates with
its implementation (b =0.44; p=0.21; p <0.001) with indi-
vidual variability of the effect. R.K. Dishman et al. (2018)
in a prospective study of 187 adolescents from grades 5 to
11 established the modifying role of self-efficacy in relation
to changes in goals and beliefs about the necessity of phys-
ical activity. Physical activity was more limited in students
who had decreased self-efficacy and: retained limiting be-
liefs about physical activity, were not sufficiently motivated
to improve their physical fitness, or had improved body
composition and expanded social circles. The interaction
between changes in self-efficacy and changes in the percep-
tion of limiting factors was significant (z=4.30; p <0.001),
as was the interaction between changes in self-efficacy and
goals for improving appearance (z=10.63; p <0.001). Stu-
dents with greater declines in self-efficacy and low motiva-
tion to improve physical fitness showed greater declines in
physical activity. A. Deng et al. (2023) in a 16-week study of
113 low-income American adolescents (55.64% girls; mean
age 11.29 years) found that physical activity increased by
an average of 6.36 minutes per 8 weeks (coefficient = 6.36;
p<0.001), with a total increase of approximately 12.72 min-
utes over 16 weeks. Change in intrinsic motivation was a
significant positive predictor of change in daily high-in-
tensity physical activity (coefficient=2.57; p=0.035), while
change in autonomous extrinsic motivation was not a sig-
nificant predictor (p = 0.473). Gender and race/ethnicity
had a negligible effect on the rate of change in physical
activity during the study (gender p =0.067; race p=0.79),
indicating similar rates of improvement in physical activity
across all groups.

Thus, adolescents’ motivation to engage in regular
physical activity is shaped by a complex interaction of in-
ternal psychological mechanisms and external contextual
factors, where the satisfaction of basic psychological needs
for autonomy, competence, and social belonging is a fun-
damental prerequisite for the development of sustainable
motivational patterns. Empirical data demonstrate the
qualitative superiority of autonomous forms of motiva-
tion over controlled ones in predicting long-term commit-
ment to physical activity, especially when different types
of motives are harmoniously integrated and aligned with
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individual psychological characteristics, including physical
self-concept, body image, and gender-specific motivation-
al profiles. At the same time, the effectiveness of motiva-
tional interventions is largely determined by the level of
development of adolescents’ self-regulatory competencies,
in particular, their ability to adaptively set goals, plan and
self-monitor, which reveal age dynamics and sensitivity to
the social context, which needs to be taken into account
when developing differentiated physical education pro-
grammes for different age groups of adolescents.

Socio-cultural and environmental factors influencing
the motivational sphere of adolescents

L. Liu et al. (2025) in a study of 1,286 schoolchildren from
different regions of China found parental expectations
to be a significant positive predictor of adolescent sports
activity (B =0.208; t=7.634; p <0.001). The effects of pa-
rental expectations differed depending on the components
of physical activity: the strongest influence was on the fre-
quency of training ( =0.238; p <0.001), slightly weaker on
intensity (B =0.202; p<0.001) and the smallest on the dura-
tion of training (3 =0.184; p <0.001). Parental expectations
explained about 5.7% of the variance in adolescents’ sports
activity (R*=0.057), exerting their influence on motivation
indirectly through the satisfaction of basic psychological
needs. The sequential mediating effect of parental expec-
tations regarding physical activity through the satisfaction
of basic needs and motivation to exercise was 0.052, repre-
senting 24.88% of the total effect. According to Y. Jiang &
Y. Xiao (2024), based on a sample of 500 adolescents and
their parents, family influence on children’s physical activ-
ity had a direct positive effect on regular physical exercise
(B =0.148; effect size = 32.81%). The satisfaction of basic
psychological needs mediated 25.05% of this influence
(B=0.113), while the satisfaction from performing exercis-
es additionally mediated 20.39% (P =0.092). The sequential
mediating effect through self-efficacy and enjoyment of

exercise was 0.097 (effect size =21.50%), revealing a multi-
level mechanism of the family environment’s influence on
the duration of physical activity in adolescents. The fami-
ly environment influenced both the immediate behaviour
model and internal psychological mechanisms.
Gender-specific mechanisms of parental influence can
be traced in a study by Y. Yaffe & O. Levental (2023) on a
sample of 308 adolescents (143 boys, 165 girls). An author-
itarian parenting style was associated with higher autono-
mous motivation in adolescents indirectly through paren-
tal physical activity practices (f =0.26; p < 0.05), including
modelling, encouragement and monitoring. The authori-
tarian parenting style demonstrated a similar, albeit small-
er, positive effect on boys’ motivation to engage in phys-
ical activity (p=0.18; p <0.05). The indirect relationship
between paternal authoritarian parenting and adolescents’
motivation for physical activity through parental practices
was significantly stronger for girls (f =0.31) than for boys
(B=0.22). D.J. Phipps et al. (2025), based on data from 88
Finnish parent-child pairs, found that parental autonomous
motivation was positively associated with parental autono-
mous support (p=0.34; p <0.01), which, in turn, predict-
ed children’s perception of autonomous support (f=0.41;
p<0.001) and children’s autonomous motivation (= 0.28;
p<0.01). The indirect effect of parental autonomous moti-
vation on children’s physical activity, mediated by parental
autonomous support, children’s perception of such support,
and children’s autonomous motivation, was 0.039 (95% CI:
0.018-0.062; p < 0.001). Parental autonomous motivation
was positively associated with both parental physical ac-
tivity (3 =0.47; p <0.001) and joint parental-child physical
activity (B =0.29; p <0.01), forming a mechanism for the
transmission of motivational patterns within the family.
Table 2 below summarises the main levels of socialisation
influence on adolescent physical activity, demonstrating
their agents, nature of action, and factors that can both
strengthen and weaken motivation for physical activity.

Table 2. Multilevel system of social factors shaping adolescents’ motivation for physical education

. L . . - . Degree of
Level of influence | Agents of socialisation | Mechanisms of influence Positive factors Negative factors . egree 0
influence (%)
Joint training, emotional
Modelling, reinforcement, and material support, Parental indifference,
Micro level (family) | Parents, siblings, relatives family support and positive family criticism, excessive 35-42%
expectations expectations regarding | demands without support
health
physileucation | Tectingmotorsi, | {CSERRERETE IR IERE,
Meso level (education) teachers, coaches, motivation, informational U ! p. q‘ . y ! 22-28%
. asupportive class insufficient number of
specialists support of competence B
atmosphere sessions
Friends, team members, Group pressure, social Friendly environment, . . )
. P " " Bullying, social exclusion,
Meso level (peers) classmates, social identification, imitation, positive competition, . . 18-24%
. . negative group dynamics
networks emotional support sense of belonging
) Information provision, - Unrealistic standards of
. Bloggers, media ) . Pasitive role models,
Macro level (media >, . promotion, formation of . beauty, cult of appearance,
. personalities, advertising promotion of a healthy 9-16%
and promotion) . A . norms and standards, . . o pressure towards
campaigns, social media . lifestyle, viral motivation .
demonstration of role models perfection
. Accessible gyms
. Creation of a regulator L2 .
. Government bodies, ) 6 A Y and swimming Underfunding, weak
Macro level (public . environment, ensuring . . ) o
. sports policy, local - . pools, infrastructure | infrastructure, formalism 5-12%
policy) s accessibility, regulation of . .
authorities " development, national in programmes
conditions
programmes
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Table 2, Continued

Level of influence | Agents of socialisation

Mechanisms of influence

Degree of

Positive factors influence (%)

Negative factors

Mega level (culture
and values)

Society, cultural norms,

o . norms, construction of
traditions, mass media

desired behaviours

Formation of values and

Cult of health, traditions
of physical culture,
support of sport as part
of identity

Cult of consumption,
sedentary lifestyle, low
social value of physical

activity

2-6%

Source: developed by the authors based on research by L. Liu et al. (2025), Z. Li et al. (2025), S. Ge et al. (2025)

The hierarchy of social influence shown in Table 2,
where the family environment demonstrated an almost
threefold predominance over state policy and cultural
norms, reflected the decisive role of parents as primary
agents of socialisation in shaping motivational attitudes
in the early stages of development. Positive and negative
factors at each level functioned asymmetrically: parental
criticism and lack of support influenced the overall pic-
ture of motivation, while the professionalism of the coach
modified the motivational profile in the direction of com-
petence development. The indirect systemic influence of
macro levels (state, media, culture) worked through the
transformation of microsystems: state policy on the acces-
sibility of sports facilities influenced the physical activity of
adolescents mainly through the expansion of opportunities
for family activities and interactions with peers, rather than
as an autonomous factor. The research results indicated
that strategies to increase motivation for physical activity
involved strengthening family and peer support as fun-
damental structures, while state and media interventions
were effective in combination with improvements in the
microsocial context.

Current pedagogical approaches have shown differen-
tiated effects on the motivation of different groups of ado-
lescents. H. Zha et al. (2025) found in a study of 929 pri-
mary school students in southwestern China that cognitive
activation teaching strategies (CATS) had a positive effect
on physical activity (f=0.133; p <0.001) and health-relat-
ed behaviour (f=0.087; p<0.001). Classroom engagement
mediated this relationship, with a coeflicient from cognitive
activation to engagement of 3 =0.270 (p <0.001). Self-ef-
ficacy showed the strongest mediating effect, predicting
both health-promoting behaviour (B =0.209; p <0.001) and
physical activity (p=0.310; p <0.001). Cognitive activation
predicted motivation (f =0.287; p <0.001) but did not sig-
nificantly affect emotional regulation (f=0.039; p=0.183).
Qualitative data revealed that teachers who used cognitive
activation, goal setting, progressive challenges, and con-
structive feedback contributed to the creation of “produc-
tive conflict” in learning. Traditional teaching methods had
negative consequences for the formation of positive moti-
vation. A. Hoyo-Guillot et al. (2025) conducted an experi-
mental study of 127 students who were divided into groups
where sports education models (SEM; n = 63) and tradi-
tional methods (TM; n = 64), found that traditional meth-
ods were associated with a deterioration in prosocial val-
ues, in particular, positive assessment of others (p =0.037;
Cohen’s d=0.311). In addition, the TM group showed a
significant decrease in the perception of the usefulness of
physical education (p=0.016; Cohen’s d = 0.455), indicat-
ing demotivation associated with authoritarian teaching
methods. In contrast, the SEM group showed an increase
in three prosocial dimensions: giving (p = 0.015; Cohen’s

d=0.474), verbal comforting (p=0.019; Cohen’s d=10.333)
and solidarity (p =0.039; Cohen’s d=10.328).

Innovative educational practices based on self-deter-
mination theory have successfully increased adolescents’
interest. H. Paap et al. (2025) developed and described a
longitudinal study that combined face-to-face and web-
based support for the needs of autonomy, competence, and
relatedness in physical education teachers. The study in-
volved selecting 78 pupils in the first phase and 116 pupils in
the second phase, with accelerometer measurements taken
at baseline, after one month and after three months. It was
expected that students in the experimental group would
demonstrate significantly higher intrinsic motivation for
physical activity and greater physical activity, as measured
by accelerometers, compared to the control group. Teach-
ers were provided with detailed materials on 9 specific be-
haviours related to supporting needs and 13 behaviours
related to common threats to needs, developed based on
the taxonomy of A. Ahmadi et al. (2023) and adapted to the
context of physical education. Teachers completed week-
ly reports on providing support for realisation needs and
avoiding common behaviours, demonstrating a systematic
approach to transforming pedagogical practice.

Peer support is a powerful social factor in motivating
adolescents to engage in regular physical activity, exert-
ing its influence through multiple psychological mecha-
nisms. Y. Zou et al. (2023) in a study of 2,087 adolescents
in Shanghai found a direct positive effect of peer support
on adherence to physical exercise (=0.135; p <0.001; ef-
fect size 59%), mediated through self-efficacy and self-reg-
ulation. Peer support predicted self-efficacy with a coefhi-
cient of p=0.493 (p <0.001), which accounted for 42% of
the indirect effect on adherence to physical exercise. The
pedagogical model, peer encouragement, and joint partic-
ipation in physical activity were the most significant com-
ponents of support. Correlation analysis demonstrated a
significant positive relationship between peer support and
physical exercise (r=0.324; p <0.01), with a stronger effect
in younger adolescent boys than in girls. Digital technol-
ogies have transformed traditional mechanisms of social
influence, creating new forms of group interaction around
physical activity. M. Zhang & X. Li (2024) found in a study
of 1,312 Chinese adolescents that the use of the WeRun app
was associated with healthy lifestyle behaviours indirectly
through social support and social comparison, with no di-
rect effect (p=0.018; p =0.455). Social support mediated
43.1% of the relationship between app use and healthy life-
style behaviour (B=0.431; t=7.183; p <0.001), while social
comparison mediated 29.9% of this relationship (B=10.299;
t=6.102; p <0.001). The use of gamified elements, including
leaderboards and likes, stimulated both competitive moti-
vation and social support among users. WeRun had a pos-
itive effect on social support (p=0.262; t=9.807; p <0.001)
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and social comparison (p =0.300; ¢ = 11.426; p < 0.001),
demonstrating the role of online communities in shaping
motivation for physical activity.

Fitness influencers on social media function as a spe-
cific form of social modelling of behaviour that exhib-
its gender-differentiated effects. J. Durau et al. (2022) in
two consecutive studies (N1 =507; N2 = 445) found that
the perceived motivational power of fitness bloggers was
a stronger predictor of intention to exercise than attitude
towards the blogger in both genders (women y = 0.541,
p<0.01; men y=0.518, p<0.01). Women who had a nega-
tive body perception showed an increase in their intention
to exercise after watching the blogger’s video (y =-0.180;
p<0.05), but this effect was not found in men (y=-0.068,
n.s.). The blogger’s reliability, knowledge, and attractive-
ness had a positive effect on perceived motivational force,
with reliability being the strongest predictor for women
(y=0.379, p<0.01) and knowledge for men (y=0.413,
p <0.01). Engagement in training with YouTube fitness
videos positively predicted the intention to exercise for
both genders (women y=0.431, p <0.01; men y = 0.426,
p <0.01). Peer pressure and social norms modify adoles-
cents’ motivational profiles, creating differentiated patterns
of engagement in physical activity. Y. Zhao et al. (2025) in
a study of 571 Chinese adolescents aged around 12 years
found that latent profile analysis revealed three motivation
profiles: low motivation with high amotivation (8.45%),
moderate motivation with high amotivation (60.61%), and
high autonomous motivation (30.94%). The third profile
showed significantly higher physical activity (M = 0.176;
SD = 0.893) compared to the first profile (M = -0.309;
SD=0.707; p <0.001) and the second profile (M =-0.153;
SD=0.747; p <0.001). External regulation (which may re-
flect peer pressure and social norms) was positively corre-
lated with physical activity (r=0.133; p<0.001), although
this effect was weaker compared to internal motivation (r
ranged from 0.152 to 0.172, all p <0.001). Boys demon-
strated significantly higher physical activity compared to
girls (F(3,364) =4.714; p=0.030), indicating gender differ-
ences in sensitivity to group influences.

Thus, the formation of adolescents’ motivation for
systematic physical education takes place in a multi-lev-
el system of social influences, where the family environ-
ment functions as the main agent of primary socialisation
through the mechanisms of parental expectations, behav-
iour modelling and autonomous support, mediating its
influence through the satisfaction of basic psychological
needs and the formation of self-efficacy. The pedagogical
influence of physical education teachers is implemented
differentially depending on the chosen methodological
approaches: transformational teaching style and cognitive
activation strategies enhance intrinsic motivation by cre-
ating a task-oriented climate and supporting competence,
while traditional authoritarian methods provoke demoti-
vation and a deterioration of prosocial values. Peer support
and digital forms of social interaction create additional
channels of motivational influence through mechanisms
of social comparison, group identification and behaviour
modelling, with their effectiveness showing gender and age
specificity, while macro-level factors (government policy,
media, cultural norms) exert their influence mainly indi-
rectly through the transformation of micro-social contexts,

indicating the need for integrated multi-level interventions
to increase adolescents’ motivation for physical activity.

Pedagogical technologies and methodological tools

for stimulating adolescent motivation

for physical culture and sports activities

M. Wang et al. (2025) in a meta-analysis of 16 randomised
controlled trials with a total sample of 7,472 children and
adolescents found that gamified interventions significantly
increased moderate-intensity physical activity compared
to control (standardised mean difference [SMD] 0.15; 95%
CI0.01-0.29; p=0.04) and reduced body mass index (SMD
0.11;95% CI 0.05-0.18; p<0.001). However, gamified inter-
ventions did not have a statistically significant effect on sed-
entary behaviour (SMD 0.07; 95% CI -0.07-0.22; p=0.33),
daily locations (SMD 0.22; 95% CI -0.51-0.94; p = 0.55)
or light physical activity (SMD -0.00; 95% CI -0.49-0.48;
p=0.99). Subgroup analyses revealed that self-determina-
tion theory-based interventions demonstrated a stronger
effect on moderate-intensity activity (SMD 0.39; 95% CI
0.01-0.77; p = 0.04) compared to other theoretical para-
digms. Studies lasting more than 12 weeks had a greater
effect compared to shorter programmes. Virtual reality
functioned as a promising technology for expanding access
to physical activity and increasing motivation. D. Hajder et
al. (2025) found in a systematic review and meta-analysis
of 23 studies that virtual reality training significantly im-
proved flexibility, motivation, and cognitive abilities, es-
pecially in populations with limited access to traditional
exercise methods. The most pronounced effects were ob-
served in programmes lasting 8-12 weeks with moderate
to high intensity. Statistical analysis showed highly signifi-
cant improvements in physical fitness (M £ SD=74.3 +8.2;
p = 0.0029), cognitive aspects (M = SD = 82.1 £ 6.7;
p = 0.0022) and health aspects (M + SD = 77.5 + 7.9;
p=0.0069). The effect sizes for virtual reality interventions
ranged from 0.38 to 0.75 (Cohen’s d), indicating moderate
to large positive effects. Organising classes individually and
in groups revealed differentiated effects depending on the
motivational profile of adolescents. D. Novak et al. (2025)
found in a randomised controlled trial of 976 Croatian
students (mean age 19.4 + 1.1 years) that group training
significantly increased total physical activity time by more
than 10 metabolic equivalent hours per week compared to
individual exercise in the control group. When considering
different types of activity, the effect of the intervention was
stronger for vigorous activity (an increase of almost 6 MET
hours per week) compared to walking (2.5 MET hours per
week). Complex modelling of heterogeneity showed signif-
icantly greater variability in the experimental group, indi-
cating a heterogeneous effect of physical activity and the
possibility of different effects for adolescents with different
initial levels of motivation. The use of fitness trackers and
mobile applications demonstrated an indirect mechanism
of influence on motivation through social comparison and
support. W.W. Au et al. (2024) found in a meta-analysis of
30 studies that wearing a tracker contributed to an increase
in moderate-intensity physical activity in children and ad-
olescents. The effectiveness of wearing a tracker depended
on the age of the participants: in adolescents over 13 years
of age, the effect was greater through the mediation of
self-control and goal setting, while in younger participants,
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the effect was greater through peer support and family en-
couragement. Interventions lasting more than 12 weeks
showed more sustainable results, while programmes that
integrated wearables with multi-component interventions
(including behavioural strategies and professional support)
showed stronger and more lasting effects.

Emotional experiences during physical education
classes mediate between the type of motivation and behav-
ioural consequences. M.E. Isikgdz (2025) found in a study
of 1,399 Turkish high school students that intrinsic moti-
vation showed the strongest links with positive emotions
of achievement, particularly pride (r=0.73; p <0.001) and
satisfaction (r=0.55; p <0.001). In the structural equation
analysis, intrinsic motivation positively contributed to the
emergence of positive emotions of achievement (f = 0.63;
p <0.001) and the disappearance of negative emotions
(B=-0.68; p<0.001). External motivation showed a weak
positive correlation with positive emotions (B = 0.07;
p <0.001), while no significant correlation with negative
emotions was found (P =-0.02; p=0.130). The study found
that constructive feedback and support for autonomy by
physical education teachers were key mechanisms for sat-
isfying the need for competence and autonomy, which led
to the formation of intrinsic motivation and positive emo-
tions of achievement. Innovative pedagogical approaches
that give students more time for practical activities and
independent study of the material show potential for en-
hancing autonomous motivation. PX. Yip et al. (2023)
found in a randomised controlled study of 111 young peo-
ple that a “flipped learning” approach, in which students
watched videos before class and had more time for prac-
tice in class, led to significantly higher autonomous moti-
vation and moderately intense physical activity. In the ex-
perimental group, where the “flipped learning” approach
was used, autonomous motivation before the third lesson
was M =3.28 (SD =0.66) compared to the control group
(M =3.24; SD=0.61). In the third lesson, the positive cor-
relation between moderate-intensity physical activity and
autonomous motivation was r=0.266 (n=>57; p <0.05) only
in the experimental group. With an intervention duration
of more than 12 weeks, the results remained stable, indicat-
ing that systematic feedback and activity choice increased
long-term motivation.

Empirical studies reveal the nuances of the perception
of autonomy and its impact on the long-term engagement
of adolescents in physical activity. A. Beddoe et al. (2025)
found in a qualitative study of 13 British male adolescents
aged 13-17 that perceived autonomy was associated with
motivation to participate in physical activity. Boys who
received autonomous support from parents and coaches,
including choice of activity and flexibility in goal setting,
reported higher intrinsic motivation. In particular, re-
spondents noted the availability of certain types of activi-
ties (e.g., running) that did not require special equipment
or space as important factors in maintaining motivation.
In contrast, boys who were constrained by rigid expecta-
tions either stopped physical activity or sought alternative
activities. Participants reported discontinuing team sports
due to feelings of coercion, excessive training duration, and
loss of energy during activities that did not match their in-
terests. The study found that praise for effort and construc-
tive criticism, rather than praise for ability, were associated

with increased intrinsic motivation and long-term engage-
ment. The competitive context of physical activity modifies
motivational patterns depending on the balance between
competitive and cooperative elements. M. del Mar Garcia-
Galan et al. (2025) found in a study of 240 Spanish students
that a competitive approach to physical activity correlated
with stronger commitment to both competitiveness and
cooperativeness, but with a more noticeable concentration
on higher levels of cooperativeness. Group activities such
as sports and board games showed a stronger positive ef-
fect on cooperativeness (regression coeflicients 3 = 0.195
and =0.255, respectively; p <0.0001), while video games,
which are more competitive in nature, had no statistical-
ly significant relationship with cooperativeness (B = 0.066;
p=0.08). A blurred approach in team sports activated both
motivational systems with a higher level of team interac-
tion and mutual support than in individual sports. The
study found that properly formulated feedback with an
emphasis on effort and group achievements strengthened
achievement motivation in group activities.

The problem of getting teenagers involved in reg-
ular sports and physical education remains relevant in
the context of high dropout rates, especially among girls.
Y. Zhang et al. (2024) found in a systematic review of 11
studies that the main reasons for adolescents discontinu-
ing sports activities included both psychological and struc-
tural factors. At the psychological level, perceptions of
ability to succeed functioned as productive factors, while
their absence predicted a higher likelihood of discontinu-
ing participation. The study found that gender differences
in discontinuing sports were significant, with higher rates
among girls than boys. Coach leadership and the quality of
the motivational climate determined critical factors: auton-
omous support, as opposed to a controlling style, was asso-
ciated with a higher likelihood of continuing to participate
in sports. Parental and peer support functioned as a sig-
nificant protective factor in 60% of studies, demonstrating
the consistent influence of the social system on retaining
adolescents in sport. Physical activity is particularly impor-
tant for adolescents with chronic diseases, where motiva-
tional barriers are combined with medical restrictions and
social stigmatisation. B. Safiudo et al. (2024) in a systematic
review of 52 controlled studies on a total sample of 2,352
children and adolescents with chronic diseases found that
sports activities effectively improved both physical and
psychosocial outcomes. The studies covered interventions
for autism, cerebral palsy, AIDS (acquired immunodefi-
ciency syndrome), obesity, cancer, and other chronic dis-
eases. The average adherence was about 85%, with studies
reporting adherence ranging from 75% to 100%. Psycho-
social outcomes showed improvements in behavioural
problems, social skills, executive functions, and health-re-
lated quality of life. Activities that included group sports
and team interaction showed additional benefits in social
integration and team building. The study emphasised that
programmes lasting 8-12 weeks and occurring 2-3 times
per week demonstrated an optimal balance between acces-
sibility and effectiveness.

Long-term adapted physical activity programmes re-
veal specific strategies for preventing demotivation in vul-
nerable adolescent groups. N. Stocker et al. (2024) in the
KidsTUMove project described a comprehensive physical
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activity programme for children and adolescents with
chronic diseases, which was developed over 17 years (since
2007) with the participation of more than 2,750 children.
Preliminary studies indicated that the WHO (World
Health Organisation) recommendations for 60 minutes
of daily physical activity and improved quality of life were
achieved. The programme provided multidisciplinary
supervision, including preliminary medical examina-
tions, medical care and direct supervision during classes.
Strategies to prevent demotivation included personalised
support in small groups, parental involvement, establish-
ing social contacts with peers with similar problems, and
providing a variety of activities without pressure to per-
form. The study showed that participation in camps and
regular groups was associated with a sustained improve-
ment in self-esteem, reduced isolation, and the develop-
ment of a sense of belonging to the community. Organised
sports participation functions as a tool for social integra-
tion for adolescents from disadvantaged socio-economic
backgrounds. T. Filges et al. (2024) conducted a system-
atic review of 13 studies of organised sports activities for
low-income and at-risk youth and found that participation
in sports activities had a positive impact on psychosocial
functioning. The standardised mean difference for over-
all psychosocial adjustment at post-intervention was 0.70
(95% CI 0.28-1.11), with low heterogeneity. For depres-
sive symptoms at 0-3 years follow-up, the standardised
mean difference was 0.02 (95% CI -0.01-0.06), indicating
a weak effect. The median number of participants in the
studies was 316, ranging from 95 to 222. Interventions
lasted from one week to 23 years, but most focused on
short-term effects. The study emphasised that organised
sports participation served as a resource for levelling risky
and problematic behaviour in adolescents with unfavour-
able background circumstances. In addition, sports pro-
grammes with an emphasis on teamwork, social skills and
positive responsibility showed greater effects on reducing
problem behaviour and improving emotional functioning.

Thus, current pedagogical technologies for stimulating
adolescents’ motivation to engage in physical education
and sports activities demonstrate the highest effectiveness
when digital tools (gamification, virtual reality, fitness
trackers) with the principles of self-determination theory,
especially for programmes lasting more than 12 weeks,
which ensures sustainable behavioural changes through
mechanisms of self-control, social comparison and auton-
omy support. The organisational forms of classes have dif-
ferent effects depending on the motivational profile: group
training mainly activates both competitive and cooperative
motivational systems, enhancing social integration and
team interaction, while individualised approaches with a
choice of activities and flexible goal setting provide higher
intrinsic motivation by satisfying the need for autonomy
and competence. A critical factor in engaging adolescents
in systematic exercise is the creation of a supportive mo-
tivational climate through transformational leadership by
coaches, constructive feedback with an emphasis on effort
and progress, and the involvement of parents and peers as
agents of social support, which is particularly important
for vulnerable groups, including adolescents with chronic
diseases and adverse socio-economic status, where adapted
programmes with personalised support demonstrate high

adherence rates (up to 85%) and comprehensive psychoso-
cial effects alongside physical improvements.

Comprehensive recommendations

for motivating adolescents to engage in physical activity
The results of the analysis of scientific sources allowed to
formulate a set of recommendations aimed at improving
the effectiveness of motivating adolescents to engage in
physical culture. These recommendations were based on
the principles of contemporary psychology of motivation
and physical education pedagogy and took into account
the age-related features of the psychophysiological devel-
opment of individuals aged 12-17. The organisation of the
physical education teaching process requires the creation
of conditions to satisfy the need for autonomy by providing
the opportunity to choose the type of physical activity, the
pace of exercise and the level of difficulty of the tasks. The
implementation of the principle of variability involves the
development of modular programmes in which the basic
component is combined with elective areas. The need for
competence is met through a system of graded tasks us-
ing physical fitness testing and a differentiated approach to
the organisation of the educational process. S. Pavlovi¢ et
al. (2025) found that among boys, the highest activity dur-
ing physical education classes was associated with a higher
perception of sports competence (M =3.86, SD =0.47 in
the most active group compared to M =2.19, SD=0.88 in
the least active group; p < 0.001), which indicates the im-
portance of creating conditions for a sense of effectiveness
in one’s own activities. Working at an appropriate level of
difficulty contributes to the accumulation of positive expe-
riences of success and an increase in self-perceived com-
petence. Feedback from the teacher should focus on the
efforts made, the strategies used, and the progress made
in relation to the student’s previous results. A. Beddoe et
al. (2025) showed that praise for effort and constructive
criticism were associated with increased intrinsic motiva-
tion and long-term engagement, while praise for ability
could lead to avoidance of challenges. Peer teaching, where
more experienced students help less prepared ones, simul-
taneously satisfies the needs for competence and belonging
of both parties involved.

The use of fitness trackers allows teenagers to moni-
tor their own progress in objective terms, which increases
their awareness of the effectiveness of training. Gamifi-
cation of the learning process through the introduction
of a system of points and achievement levels appeals to
the interest in game mechanics inherent in adolescence,
but should be accompanied by a gradual transition from
external to internal motivators. Educational programmes
for parents should focus on making them aware of the role
of their own behaviour as a model for their children. Fam-
ily physical activity creates a norm of healthy living and
associates physical activity with positive emotions. Paren-
tal support should take the form of an autonomous style
that recognises the adolescent’s right to their own sport-
ing preferences and emotional support. A controlling style
has been associated with increased anxiety and a greater
likelihood of giving up sport.

At the organisational level of educational institutions,
it is necessary to rethink the content of physical education
lessons by integrating various types of physical activity,
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including the latest fitness trends, functional training,
dance programmes and non-traditional sports. Expanding
the range of activities on offer increases the likelihood that
every teenager will find an activity that suits their interests.
Material and technical support, including the latest equip-
ment and sanitary and hygienic conditions, directly affects
student motivation. The formation of a positive attitude re-
quires the integration of an educational component aimed
at developing physical literacy. Teenagers should learn
about the physiological mechanisms of the impact of physi-
cal activity on the body, training principles and self-control
methods. Awareness of the link between regular exercise
and specific positive changes strengthens internal motiva-
tion through the mechanism of cognitive understanding of
the value of physical activity.

Prevention of demotivation involves paying attention
to at-risk adolescents who have had negative experiences or
low self-esteem regarding their physical abilities. Individual
adaptation programmes should begin with diagnosing the
causes of negative attitudes and gradually building positive
experiences through accessible tasks. Creating separate
groups for adolescents with special needs provides a psy-
chologically safe environment without social comparison
with more developed peers. A gender-sensitive approach
takes into account differences in motivational priorities be-
tween boys and girls. S. Pavlovi¢ et al. (2025) found gender
differences in the relationship between physical self-con-
cept and physical activity: girls with the highest level of
activity had higher ratings of satisfaction with their appear-
ance (M =3.94, SD=0.61 compared to M=3.12, SD=0.39
in the low activity group; p = 0.01), while boys showed
higher sensitivity to perceptions of athletic competence
(M =3.86, SD=0.47 in the most active group compared to
M=2.19, SD=0.88 in the least active group; p =0.01). L.
So6s et al. (2019) found that girls showed higher levels of
autonomous motivation in the context of formal physical
education, while boys reported more perceived support and
freedom of choice in the context of competitive activities.
Pedagogical practice should take these gender characteris-
tics into account, focusing on the functional capabilities of
the body and the feeling of satisfaction from movement,
since K. Sick et al. (2025) showed that a negative perception
of one’s own appearance reduced the likelihood of continu-
ing physical education classes.

Teaching goal-setting skills should be based on the
principles of specificity, measurability and achievability.
Self-monitoring techniques through journaling or the use
of mobile apps allow adolescents to track their progress
and adjust their goals. Taking into account age-related
characteristics of time discounting involves the use of more
frequent forms of encouragement for younger adolescents,
while older ones can work with long-term goals. The or-
ganisation of group dynamics should balance competitive
and cooperative elements depending on the characteris-
tics of the group. Structured team activities, where success
depends on mutual assistance, promote the development
of cooperation and social cohesion. Preventing dropouts
requires systematic monitoring of early signs of demotiva-
tion and timely intervention through programme adjust-
ments or additional support.

Working with adolescents with chronic illnesses re-
quires a specialised approach that combines medical

supervision with psychological support. Organising class-
es in small groups of adolescents with similar illnesses re-
duces feelings of stigmatisation and creates a supportive
environment. The involvement of peers as agents of moti-
vational support is implemented through structured men-
toring programmes, which simultaneously strengthens the
motivation of both parties by satisfying their needs for be-
longing and competence. At the level of public policy, it is
necessary to ensure the systematic training of physical edu-
cation teachers in the field of motivational theories and rel-
evant pedagogical technologies. Involving parents in school
programmes through joint sports activities increases the
consistency of motivational influences between the home
and school environments. The effectiveness of programmes
should be monitored on the basis of objective indicators of
activity combined with subjective measures of the quality
of motivation and psychological well-being of adolescents.

Conclusions

The conducted study made it possible to systematise psy-
chological, sociocultural and pedagogical factors involved
in the formation of adolescents’ motivation for physical
education on the basis of a comprehensive analysis of 51
international publications from 2011-2025, with a particu-
lar emphasis on the period 2019-2025. Analysis of psycho-
logical determinants established that intrinsic motivation
proved to be the only significant predictor of adolescents’
daily physical activity compared with controlled forms of
regulation, while satisfaction of the basic psychological
needs for autonomy, competence and social relatedness
mediated the relationship between a supportive environ-
ment and the development of stable motivational pat-
terns. Gender differences in motivational profiles were
manifested in that boys demonstrated greater sensitivity
to perceived physical competence and competitiveness,
whereas girls were more strongly oriented towards aes-
thetic aspects and social interaction, confirming the need
for gender-sensitive pedagogical approaches. Examination
of sociocultural factors revealed a hierarchical structure of
influences in which the family environment functioned as
the most influential agent of primary socialisation through
mechanisms of parental expectations and behavioural
modelling, with an effect of approximately 25% mediat-
ed through satisfaction of basic needs, while peer support
and digital forms of social interaction created additional
channels of motivational influence through social com-
parison and group identification. Analysis of pedagogical
technologies showed that gamified interventions based on
self-determination theory and lasting more than 12 weeks
significantly increased moderate-intensity physical activi-
ty compared with traditional methods, while group-based
training demonstrated a stronger effect on vigorous activ-
ity than individual formats, and virtual reality and fitness
trackers exhibited an indirect mechanism of influence
through self-monitoring and social support.

The results of the study enabled the development of a
set of evidence-based recommendations structured across
three levels of intervention: the micro level of individual
pedagogical interaction, with an emphasis on supporting
autonomy through providing choice in types of physical
activity and constructive feedback focused on effort rather
than ability; the meso level of organising the educational
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process through integration of diverse forms of physical
activity and involvement of parents as agents of motiva-

changes and to validate the developed recommendations
within the Ukrainian educational system, taking into ac-

tional support; and the macro level of systemic policies
through ensuring access to sports infrastructure and pro-
fessional training of teachers in the field of motivational
theories. A limitation of the study was the geographical
concentration of most of the analysed works in Western
Europe, North America and East Asia. Promising direc-
tions for further research include the conduct of long-
term longitudinal studies in different cultural contexts
using objective methods of measuring physical activity
through accelerometry to test the stability of motivational

count specific socio-economic challenges.
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AHoTaujia. 3HrxenHsa Gi3MYHOI aKTUBHOCTI MifyTiTKiB B yMOBax 11dposizanii Ta 3pocTaoyuoi HaBYaabHOI 3aiHATOCTI
aKTyasisye HeoOXifHICTb PO3yMiHHs MeXaHi3MiB (pOpMyBaHHsI CTiITKOI MOTMBAILIII IO CUCTEMATUYHUX 3aHATD (PiSUIHOIO
KyIbTYpOI y BikoBoMy mepiopi 11-18 pokiB. MeTowo po6OTH CTamo BUSABIEHHS Ta y3araJbHEHHs IICUXOTOTIIHMX
IeTepMiHAHT, COLIiOKY/IbTYPHUX BIUIMBIB Ta IeJAarorivHux 3aco6iB, SKi CIPUAIOTb PO3BUTKY MOTMBALil MITITKIB KO
(bisKyIbTYPHO-CIIOPTUBHOI is/IPHOCTI 3 ypaXyBaHHAM Cy4acHUX LUPOBUX iHCTpyMeHTIB. JlOCTiIKeHHA peatisoBaHO
Yyepe3 CUCTEeMAaTHYHUII aHali3 43 peleH30BaHUX NyOikamiit 3a mepiox 2015-2025 pokiB 3 MbKHapopHuUX 6a3 JaHuX i3
3aCTOCYBaHHAM KOHTEHT-aHaIi3y, TEMAaTNYHOI CMCTeMaTN3allil Ta IOPiBHANIBLHOTO 3icTaBlIeHHA e(eKTMBHOCTI pisHMX
IefjaroTiYHUX TEXHOJIOTiil. AHa3 IICHXONOTiYHNX YMHHUKIB BCTAaHOBMB, IO BHYTPIIIHSA MOTKBAIis Oy/Ia KIOYOBUM
IPENUKTOPOM IofeHHOI (i3MvHOI aKTMBHOCTI MiAMITKIB, IIPM I[bOMY 3aJOBOIEHHsI 6a30BMX MCUXOMOTIYHUX IOTpPeO
OTOCepeKOBYBaIO MPUOIN3HO 25 % BIUIMBY 6aThKiBCBKOI MiTPMMKM Ha piBeHb aKTMBHOCTI. TeHpepHi BimMiHHOCTI
HPOSABWINCA Y TOMY, LIO X/IONLi JEMOHCTPYBaIM BUILY Opi€HTAIlil0 Ha COPUIHATTA (isMYHOI KOMIIETEHTHOCTI Ta
3MaraJbHiCTb, TOAi AK [jiBYaTa OiIBIIOI MipOIO LIHYBa/lM €CTEeTUYHI acClleKTU Ta COLia/JIbHY B3aeMOAil0. JJocmipkeHns
COLIOKYNBTYpHMX (PAKTOPiB BUABMIO i€papXiyHy CTPYKTYpy BIUIMBIB, Jie POIVHHE CepeloBMIle BifirpaBaso ponib
HePBUHHOTO areHTa coljianisanii yepes MexaHisMu 6aThbKiBCbKMX O4iKyBaHb Ta MOAEIIOBAHHI MMOBENIHKMY, @ MIATPUMKA
ORHOMITKIB Ta 1 poBi popmu B3aeMOii CTBOPIOBaIM FOLATKOBI KaHAIM MOTUBALIITHOTO BIUTMBY. AHa/Ii3 efaroriYHmx
TEXHOJIOTiI IPOJIeMOHCTPYBAB, 110 refiMipikoBaHi BTpPy4aHHsS Ha OCHOBI Teopii camomeTepMiHallil TPUBAIICTIO IOHAN
12 TyokHiB 361MbLIYBaIM HOMIpHO-IHTEHCUBHY (i3M4YHY aKTMUBHICTb, IPY LbOMY TIPYIOBi TpeHYBaHHA BUABIAIN
CWIbHIIMIT eeKT MOPIBHAHO 3 iHAMBifRyanbHUMY popMaMU. Pe3ynIbTaTyt JO3BOMMIN PO3POONUTY TPUPIBHEBY CUCTEMY
PeKOMEHALIil 475 TeAaroriB, TPEHePiB Ta OpraHi3aTopis Gi3KyIbTyPHO-CIIOPTUBHOI pOOOTH, 110 OXOIUIIOE IHAMBIAyaIbHY
IeJaroriyHy B3a€MOJIil0, OpPraHisallito OCBITHbOIO IPOLECY Ta CUCTEMHI IOMITUKY 3 aKIIEHTOM Ha IiITPMMKY aBTOHOMII,
KOMIIETEHTHOCTI Ta COLia/IbHOI MPVMHAIEXHOCT] MiATiTKiB. [IpakTidHe 3HAYEHHS TO/IATa€ Y CTBOPEHHI JOKa30Boi 6a3n
I po3po6KM eheKTUBHUX MIPOrpaM MifABMIeHH: (isMIHOI aKTMBHOCTI MOJIOfi 3 ypaXyBaHHAM BiKOBMX, TeH/IEPHUX Ta
KY/IBTYPHUX 0COOMUBOCTeI!

KntouyoBi cnoBa: 6a3oBi mcuxosmoriuni motpebu; camopeTepMiHaLis; WiENOKIafaHHs; reviMidikalis; aBTOHOMIs;
1udpoBi iHCTpyMeHTU
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Abstract. The study aimed to identify the specific characteristics of the technical and tactical training of athletes in
traditional and Brazilian jiu-jitsu. The research methodology was based on the use of structural analysis, comparison
and theoretical modelling. The study revealed differences in the structure of the technical repertoire of the two styles,
manifested in the priority given to throwing techniques, linearity and regulated movements in traditional jiu-jitsu, and
a focus on positional control, variability and adaptability in Brazilian jiu-jitsu. The study revealed that in traditional
(Japanese) jiu-jitsu, the standing position dominates as the primary phase for executing technical actions, whereas in
Brazilian jiu-jitsu, the ground position is central. Differences in the development of tactical skills have been identified,
manifesting in the linearity of tactical schemes and a focus on achieving results quickly in the traditional style, and
in the gradual acquisition of positional advantage, flexibility and adaptability of decisions in Brazilian jiu-jitsu. The
interconnection between technique and tactics has been substantiated; in traditional jiu-jitsu, this interconnection is
more rigidly regulated, whereas in Brazilian jiu-jitsu, it is dynamic and variable. An integrated model of technical and
tactical training has been developed, combining basic technical, positional control, tactical variation and competitive
integration components, and providing for continuous transitions between the phases of a bout. An example of a training
session is presented, demonstrating the practical application of the model through the step-by-step development of skills
and their integration into competitive activity. The study found that the use of varied sparring and situational exercises
contributes to the development of adaptive thinking and the effectiveness of athletes’ technical and tactical actions. The
results of the study confirmed the advisability of integrating the structured nature of traditional approaches with the
variability of practices to enhance the effectiveness of athletes’ technical and tactical training. The practical significance of
the study lies in the possibility of using the developed integrated model and the proposed training approaches to improve
the effectiveness of the training process for athletes

Keywords: training methods; training process; relationship between technique and tactics; technical repertoire; positional
control

Introduction
As sports training evolves, there is a growing need to con-  developed distinct technical repertoires, tactical approach-
sider the specific characteristics of different schools of es to combat, and training methodologies, all of which
jiu-jitsu. Japanese (traditional) and Brazilian jiu-jitsu have  influence the structure of athletes’ physical and technical
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readiness. The variety of approaches to executing tech-
niques, priorities in standing and ground positions, as well
as different principles of training design, necessitate a sys-
tematic comparison of these approaches. Considering these
features helps to improve the soundness of the choice of
training methods in sporting practice. Discrepancies in the
technical and tactical approaches of traditional and Brazil-
ian jiu-jitsu complicate the definition of universal criteria
for assessing athletes’ fitness. The mismatch between the
structure of technical actions and tactical models of match
conduct requires the harmonisation of approaches to their
analysis and interpretation in the training process.

C.G. Almeda et al. (2023) investigated the relation-
ship between training experience, training preferences and
fighting style among jiu-jitsu athletes. Body composition,
strength and power were analysed in relation to individual
training characteristics. The results revealed differentiated
relationships between fighting style and physical qualities.
Variability in technical and tactical approaches was also
found depending on the athletes’ experience. A. Arty-
ushenko et al. (2025) found that for 14-15-year-old boys in
mixed martial arts, a method combining general physical
training with specialised technical and tactical exercises
is effective. They emphasised the importance of gradually
increasing the intensity of training and incorporating the
age-related characteristics of the body.

V. Mocherniuk & V. Leitsyus (2025) found that, dur-
ing the initial basic training phase, systematic instruction
in basic technical and tactical movements and jiu-jitsu is
central. They justified the use of a step-by-step approach,
progressing from simple movements to complex combi-
nations in simulated combat conditions. B. Hanley (2023)
demonstrated that jiu-jitsu training contributes to the
development of athletes’ mental resilience, particularly
self-control, emotional regulation and the ability to cope
with stressful situations. The author emphasises the role of
the training process and competitive activity as factors in
the development of psychological endurance. C. Jones et
al. (2026) examined the characteristics of coaching in
jiu-jitsu within the context of ecological dynamics. The
principles of structuring the training process and making
tactical decisions were analysed. The findings outlined
the specifics of modern approaches to the development of
technical and tactical skills. T. Peric et al. (2026) investi-
gated the relationship between cognitive functions and the
level of proficiency of jiu-jitsu athletes using virtual real-
ity technologies. Attention, information processing speed
and decision-making were assessed. The results demon-
strated a correlation between cognitive indicators and the
effectiveness of technical and tactical actions. The study
contributed to analysis of the role of mental processes in
sporting activity. A study by I. Hinzburh & V. Tyshchen-
ko (2023) demonstrated that jiu-jitsu training improves
the physical fitness of cadets at educational institutions.
The researchers observed improvements in strength, en-
durance, coordination, and speed-strength qualities. The
authors emphasised that incorporating elements of jiu-jit-
su into the educational process is an effective means of
comprehensive physical development.

Y. Santos (2026) also investigated the evolution of
teaching methods in jiu-jitsu, from traditional forms to
modern pedagogical approaches. Changes in the content of

the training process and in the methods of imparting tech-
nical knowledge were analysed. The transformation of the
coach’s role and the organisation of training was identified.
The results reflected the dynamics of the development of
methodological principles of training. The development of
software for analysing technical and tactical actions in Bra-
zilian jiu-jitsu was conducted by M. A. Ferreira dos Santos et
al. (2024). The structure of indicators characterising the ef-
fectiveness of technical techniques and tactical decisions
was determined. The results demonstrated the possibility of
a systematic analysis of athletes’ competitive performance.
The studies reviewed focused primarily on individual com-
ponents of training for Brazilian jiu-jitsu athletes, specifi-
cally physical, cognitive or methodological aspects, without
integrating them comprehensively within a single system of
technical and tactical analysis. A comparative analysis with
Japanese jiu-jitsu has not been adequately covered, which
has hindered an integrated interpretation of the differences
in the training of athletes in different disciplines.

The study aimed to identify the characteristics of tech-
nical and tactical training for athletes in traditional and
Brazilian jiu-jitsu. The objectives of the study were: to ana-
lyse the technical repertoire and determine the functional
significance of the main groups of technical actions in tra-
ditional and Brazilian jiu-jitsu; to characterise tactical ap-
proaches in competitive activity; to compare the structure
of the training process and identify differences in the pri-
oritisation of technical, tactical and competitive training;
to conduct theoretical modelling of an integrated system of
technical and tactical training for athletes.

Materials and Methods

The study was conducted using a theoretical approach based
on methods of systems analysis, comparison and scientific
generalisation. The source base was formed through the
targeted selection, analysis and systematisation of scientific
studies devoted to the development of jiu-jitsu, the technical
and tactical training of athletes, and the structure of com-
petitive activity (Draeger, 1973; Gracie & Danaher, 2003;
Hancock & Higashi, 2006). The analysis also included works
highlighting the characteristics of the training process, as
well as the physiological and technical-tactical aspects of
athletes’ preparation (Andreato et al., 2013; Andreato et
al., 2017; Bradic & Callan, 2018). Studies that explored is-
sues of tactical strategies, match structure and the specif-
ics of competitive activity in combat sports were analysed
(Sanchez Garcia, 2018; Spanias et al., 2022). Sources were
selected based on criteria of scientific relevance, topicality
and representativeness, considering their alignment with
the subject of technical and tactical training for athletes and
the specific features of the training process organisation.

The study was based on a structural analysis method,
which was used to divide the technical and tactical training
of athletes in traditional and Brazilian jiu-jitsu into sepa-
rate structural components. The analysis was conducted
by grouping the technical repertoire into main categories
(throwing techniques, joint locks and chokeholds, holds,
transitions between positions), followed by an examination
of their role and place in training and competition. With-
in the framework of this method, the principles of techni-
cal skill development were also analysed, in particular the
sequence of their acquisition and the degree of technical
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variability (Gracie & Peligro, 2003; Giardullo et al., 2026).
A content analysis of the official competition rules of the
International Brazilian Jiu-Jitsu Federation (2024) and the
Ju-Jitsu International Federation (2024) was conducted.
The analysis covered the system for evaluating technical
actions, scoring criteria, permitted and prohibited tech-
niques, the role of wrestling in the standing and ground po-
sitions, conditions for early termination of a bout, as well as
time limits for positional control and ground fighting. Reg-
ulated methods of transition between match phases and
the significance of positional advantage in the structure of
competitive activity were emphasised. The units of analysis
were technical actions, tactical models of match conduct,
phases of wrestling, the structure of training sessions, the
role of sparring and situational exercises, as well as the spe-
cifics of competition rules. The criteria for content analysis
identified the dominant groups of techniques, the ratio of
actions in the standing and ground positions, the func-
tional purpose of the techniques, the nature of transitions
between phases of the fight, the criteria for the effective-
ness of technical and tactical actions, and the methods for
achieving a competitive advantage. Additionally, an analy-
sis was conducted of tactical models of competitive activity
in traditional and Brazilian jiu-jitsu. The criteria for their
analysis were methods of initiating an attack, features of
positional control, the nature of transitions between phases
of the bout, the making of tactical decisions under chang-
ing conditions of the fight, as well as options for concluding
a technical action following the specifics of the competition
rules. The term “traditional (Japanese) jiu-jitsu” was used
as a generalised technical and methodological model of the
classical Japanese schools that formed the basic principles
of technical, tactical and practical training within the mar-
tial arts system. Within the scope of this study, this term
was not equated with the modern sport form of jiu-jitsu,
but was considered as a set of traditional approaches to
building a technical repertoire, organising the training pro-
cess and developing combat skills.

A comparative analysis was used to systematically com-
pare the content and organisational characteristics of train-
ing methods in Japanese and Brazilian jiu-jitsu. A compar-
ison of the structure of training sessions was carried out,
including the ratio of the preparatory, main and conclud-
ing parts, and differences in the prioritisation of technical,
tactical and competitive training were identified (Am-
brozy et al., 2021; Cerqueira et al., 2022; Bdez-San Martin et
al., 2025). A system of criteria was used, formulated in ac-
cordance with the key characteristics of the technical rep-
ertoire and the structure of the training process, namely the
priority of technical groups, the main phase of the fight, the
role of the ground game, the structure of technical actions,
the nature of transitions between techniques, the level of
variability, tactical orientation and methods of ending the
bout. Additionally, criteria related to the organisation of the
training process were considered, in particular the struc-
ture of the session, the characteristics of the preparatory,
main and concluding parts, the organisation of technical in-
struction, approaches to the development of tactical skills,
as well as the role of sparring and situational exercises.

The method of theoretical modelling was used to de-
velop a model of integrated technical and tactical training
for athletes, combining elements of traditional (Japanese)

and Brazilian jiu-jitsu. This model involved a synthesis of
the structural order and basic technical fundamentals char-
acteristic of the Japanese school with the variability, adapt-
ability and developed system of positional control inherent
in Brazilian jiu-jitsu. The model involved the use of com-
bined training methods, including technical sequences, sit-
uational exercises and varied sparring, aimed at developing
athletes’ adaptive tactical thinking. Based on a synthesis of
scientific approaches, a structured example of a training
session was developed as a conceptual model for organis-
ing training. The results obtained were interpreted using
a systems approach and a structural-functional approach,
which involved viewing technical and tactical training as
a hierarchically organised system of interrelated elements.
The limitations of the study lie in its focus on the structured
analysis and modelling of technical and tactical training
without empirical verification of the proposed model’s ef-
fectiveness in practical conditions.

Results

The analysis of the technical repertoire of traditional (Jap-
anese) jijutsu was based on the classical schools of “koryi
jujutsu” (traditional schools of old-style jujutsu), whose
technical system included throwing, joint-locking, chok-
ing, holding and striking techniques, designed for practical
application in hand-to-hand and armed combat. It has been
established that the technical repertoire of these schools
was characterised by complexity, functional variability and
the combination of different groups of techniques within
a single system of combat training (Mol, 2001). The study
established that the system of technical actions within this
martial art has a clearly structured hierarchical nature and
includes several interrelated groups: throwing techniques
(nage-waza), holding and immobilisation techniques (os-
ae-waza), joint-locking techniques (kansetsu-waza), chok-
ing techniques (shime-waza), as well as auxiliary striking
actions (atemi-waza), which serve as preparatory or dest-
abilising elements. The use of these terms was based on a
related Japanese classification tradition, common in judo
and other Japanese martial arts, and was applied exclusively
as an analytical framework for systematising the technical
repertoire, rather than as an identification of traditional
jiu-jitsu with judo. This classification reflected not only the
morphological differentiation of techniques but also their
functional purpose, which was to gain control over the op-
ponent, restrict their movement, and create the conditions
for ending the bout (Draeger, 1973).

A defining feature of traditional jiu-jitsu is the pre-
dominance of standing grappling, which is due to both his-
torical and cultural factors and the practical nature of this
martial art. Throwing techniques form the central element
of the technical repertoire and include a wide range of ma-
noeuvres, in particular sweeps, leg sweeps, body throws, as
well as sacrifice techniques aimed at unbalancing the op-
ponent and placing them at a disadvantageous position. At
the same time, throws not only serve to change the oppo-
nent’s spatial position but also act as a means of initiating
further control actions (Bradic & Callan, 2018). A funda-
mental component of the technical system is a focus on
the continuity of movement and the rational use of the op-
ponent’s strength. This is reflected in the classic three-part
structure of executing a technical action, which includes
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the stages of disrupting balance (kuzushi), preparing to ex-
ecute the technique (tsukuri) and the actual execution of
the technique (kake). This sequence not only ensures the
biomechanical efficiency of technique execution but also
forms the basis for the development of coordination skills
and a sense of timing and distance in athletes. The transi-
tion from one technical action to another is achieved using
the inertial characteristics of movement, which minimises
energy expenditure and increases the efficiency of techni-
cal combinations. Within the methodological framework
of traditional (Japanese) jiu-jitsu under consideration,
ground fighting is more often presented as a logical contin-
uation of the action following a throw, rather than as a sep-
arate phase of the bout. In this context, holding techniques
(osae-waza), joint locks (kansetsu-waza) and chokeholds
(shime-waza) are used to achieve ultimate control over
the opponent, restrict their movement and force them
to cease resistance. The application of these technical ac-
tions is regarded as a component of a comprehensive sys-
tem for neutralising the opponent, in which throwing and
ground combat elements are functionally interrelated. At
the same time, striking techniques (atemi-waza) perform
a supporting function, helping to create favourable condi-
tions for the execution of the main technical techniques,
in particular by destabilising the opponent’s position or
distracting their attention (Hancock & Higashi, 2006).
From a functional perspective, the technical repertoire of
traditional jiu-jitsu, particularly in an applied and self-de-
fence context, is characterised by a focus on rapidly estab-
lishing control over the opponent and effectively ending
the bout using throwing, joint-locking, choking and im-
mobilisation techniques. In the sporting versions of Japa-
nese jiu-jitsu, the execution of such actions is largely deter-
mined by the rules of the specific discipline and the system
for scoring technical actions. This causes a predominance
of combination moves, within which individual technical
elements are integrated into coherent movement patterns.
In the training process, these techniques are organised into
training programmes designed to ensure the gradual de-
velopment of motor skills, technical precision and versatil-
ity in execution (Sanchez Garcia, 2018). This approach in-
volves the gradual increase in the complexity of technical
actions, their repeated practice, and adaptation to various
conditions of interaction with a partner.

A structural analysis of the technical repertoire of Bra-
zilian jiu-jitsu has revealed its distinct functional focus on
controlling the opponent, engaging in ground fighting, and
achieving a gradual positional advantage - a focus that
has emerged as a result of the evolution of this martial art
within a competitive environment. The study established
that the technical system is hierarchically organised and is
based on a sequential transition from less advantageous to
more dominant positions, followed by the conclusion of the
bout. Within this system, technical actions can be classified
into several interrelated groups: positional control (main-
taining dominant positions), guard as a specific form of de-
fensive-offensive interaction (closed, open and numerous
variations thereof), as well as submissions, which include
pain and choke holds (Gracie & Danaher, 2003). This clas-
sification reflects not only the structural organisation of
the technical repertoire, but also its functional focus on the
gradual subjugation of the opponent through control and

restriction of their movement. The dominance of ground
fighting is a defining characteristic of Brazilian jiu-jitsu,
which determines the specifics of both the technical and
tactical training of athletes (Stephenson & Rossheim, 2018).
In Brazilian jiu-jitsu, actions aimed at taking the opponent
to the ground and establishing control over their body
through positional advantage are central. At the same time,
standing wrestling is regarded primarily as a preparatory
phase, the functional purpose of which is to create the con-
ditions for transitioning to the ground or initiating offen-
sive actions aimed at securing an advantageous position.
In competitive practice, ground fighting is the main arena
for realising an athlete’s technical and tactical potential, as
this is where control is established, an advantage is formed
and finishing moves are prepared (Andreato et al., 2017).

One of the key characteristics of the technical reper-
toire is its high degree of versatility and adaptability, which
is reflected in the athlete’s ability to make seamless transi-
tions between different positions depending on the oppo-
nent’s behaviour. The study established that the technical
structure is based on the principle of dynamic interconnec-
tion of elements, within which guards, dominant positions
and attacking actions form a single system. Transitions
between these components are conducted continuous-
ly, forming complex combinations and chains of actions,
where each subsequent technical element logically follows
from the previous one. This approach ensures flexibility in
technical thinking and can be used by the athlete to quick-
ly change their tactical strategy depending on changes in
the opponent’s position and actions. The guard also takes
on significance within the technical structure as a univer-
sal tool for defence and attack. It acts as an intermediate
link between defensive and offensive actions, which can be
used by the athlete to control distance, restrict the oppo-
nent’s movements, and create conditions for transitioning
to more advantageous positions or for directly executing
submissions (Gracie & Peligro, 2003). The variability of the
guard, in particular the existence of its numerous modifi-
cations, contributes to increasing the unpredictability of
the athlete’s actions and complicates the opponent’s coun-
terattacks. The functional logic underlying the structure of
technical manoeuvres in Brazilian jiu-jitsu is defined by
the sequence: positional advantage — stabilisation of con-
trol — finishing the fight. Control of position is regarded as
a key prerequisite for the effective execution of attacking
manoeuvres, as it ensures positional stability and minimis-
es the risk of losing the initiative. The match is concluded
by applying pain or choke holds, the effectiveness of which
depends directly on the quality of prior control and the
correct timing of the attack (Spanias et al., 2022). Thus,
the technical repertoire is characterised by a clear logical
sequence and a focus on the rational use of strength and
spatial capabilities.

During training, these technical components are prac-
tised using specialised methods, with situational exercis-
es and variable (positional) sparring being central. This
approach simulates typical competitive situations, helps
develop decision-making skills under time and space
constraints, and fosters the ability to adapt quickly to an
opponent’s actions. Another substantial aspect is the em-
phasis on repeated practice of technical movements in
various variations, which helps automate motor skills and
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improve their effectiveness in real combat situations (An-
dreato et al., 2013). Thus, Brazilian jiu-jitsu is characterised
by systematicity, hierarchical organisation and a high level
of adaptability, which ensures effective ground fighting. Its
distinctive features include the prioritisation of positional
control, the fluidity of transitions between technical ele-
ments, and a focus on consistently gaining an advantage
leading to the conclusion of the bout, which defines its
uniqueness as a modern martial arts system.

A comparison of the technical repertoires of Japa-
nese and Brazilian jiu-jitsu has revealed differences in the

prioritisation of technical groups, stemming from the his-
torical context of their development and the specific nature
of competitive practice. Both styles were based on the prin-
ciples of controlling the opponent, utilising their strength
and the rationality of movements; however, the implemen-
tation of these principles differed in structure and content.
Traditional jiu-jitsu was characterised by a priority on
throwing techniques and a linear sequence of technical ac-
tions, whereas Brazilian jiu-jitsu demonstrated a focus on
positional control, multi-level transitions and a highly ad-
aptable technical repertoire (Table 1).

Table 1. A comparative analysis of the technical repertoire of traditional and Brazilian jiu-jitsu

Content analysis criteria Traditional jiu-jitsu

Brazilian jiu-jitsu

Dominant groups of technicians

Throwing techniques, holds, pain-inducing and
immobilising manoeuvres

Position control, guard, submissions, ground transitions

Critical phase of the fight

Stability, followed by a transition to control

Ground fighting and the battle for positional advantage

Balance between standing and
ground techniques

Most of the action takes place in the standing position;
the ground is used primarily to secure control.

Dominance of ground fighting and sustained positional
control

Functional purpose of the
techniques

Disruption of equilibrium, neutralisation and rapid
establishment of control

Gradual dominant position and preparation for the submission

Nature of the transitions between

the phases of the struggle completion of the move

Smooth transition from the throw to the hold or the

Seamless transitions between positions and technical
movements

Structure of technical operations

Regulated and structured

Variative and adaptive

Features of tactical models

Emphasis on quickly concluding a technical move after
the opponent has lost their balance

Emphasis on maintaining position, wearing down the
opponent and seeking opportunities to secure a submission

Role of competition rules in shaping
tactics

Limits on prolonged ground combat, with an emphasis
on throwing and control techniques

Encouraging positional control, guard passes and active
ground combat

Performance indicators for technical
and tactical actions

Effectiveness of control, precision of technique
execution, and completion of the attack

Accumulation of position points, maintaining dominant
positions, and early termination of the bout

Source: compiled by the author based on International Brazilian Jiu-Jitsu Federation (2024), Ju-Jitsu International Federation (2024)

An analysis of the competition rules revealed that the
rules of the fight significantly influenced the development
of tactical patterns in the styles under study. In tradition-
al jiu-jitsu, restrictions on prolonged ground fighting and
an emphasis on throws and control techniques encouraged
athletes to quickly unbalance their opponent, execute an
effective throw, and immediately finish the technical ma-
noeuvre. The tactical model in this case was geared towards
quickly gaining an advantage and minimising protract-
ed positional struggles. In Brazilian jiu-jitsu, the scoring
system, based on awarding points for passing the guard,
maintaining dominant positions and controlling the oppo-
nent on the ground, shaped a different nature of tactical
behaviour. Athletes emphasised gradual positional advan-
tage, control of the match’s tempo, and creating submission
opportunities. The absence of strict time limits on ground
fighting encouraged the development of multi-stage tactical
combinations, continuous transitions between positions,
and highly adaptable technical manoeuvres. In tradition-
al jiu-jitsu, throwing techniques, takedowns, and elements
of standing control dominated, which corresponded to the
practical nature of the training and the focus on quickly un-
balancing the opponent. In Brazilian jiu-jitsu, the priority
shifted towards ground fighting, where positional control,
holds, and submissions were of key importance, reflecting
the specific nature of the sporting format and competition
rules. There were also differences in how techniques were
used in the standing position and on the ground. In tradi-
tional jiu-jitsu, the standing position was the primary phase

for executing technical manoeuvres, where throws were
performed and the ground combat laid for subsequent con-
trol. The ground was regarded as a secondary phase, within
which technical combinations were completed. In Brazil-
ian jiu-jitsu, by contrast, the ground game constituted the
central phase of the fight, where the majority of technical
and tactical actions took place, whilst the standing position
served as a transition to positional fighting. The level of
variability and adaptability of technical actions in the styles
studied was characterised by different structures. In tra-
ditional jiu-jitsu, technical actions were performed with-
in defined combinations and sequences, which ensured
the structure and predictability of the training process. In
Brazilian jiu-jitsu, variability was a defining characteristic,
manifested in the athletes’ ability to alter technical actions
depending on the situation, transition between positions,
and combine various techniques in continuous motion.
The results obtained demonstrated that the technical and
tactical structure of traditional and Brazilian jiu-jitsu was
shaped by different functional and competitive priorities.
Traditional jiu-jitsu was characterised by the structured
nature of its technical combinations, a focus on standing
techniques, and an emphasis on quickly gaining control
over the opponent. In Brazilian jiu-jitsu, the defining fea-
tures were positional grappling on the ground, the variety
of technical transitions, and the adaptability of tactical de-
cisions during the bout.

A comparative analysis of the structure of the train-
ing process in Japanese and Brazilian jiu-jitsu has revealed
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differences in the balance of training components, the
organisation of technique instruction, and approaches to
developing tactical skills. In traditional jiu-jitsu, the train-
ing structure was characterised by clear regulations and
a sequence of stages, comprising a preparatory, main and
concluding section. The preparatory section involved gen-
eral fitness exercises and basic movements aimed at pre-
paring for technical elements. The main part focused on
the step-by-step practice of technical actions following the

established form and sequence. The final part included ex-
ercises for recovery and consolidation of the material cov-
ered. In Brazilian jiu-jitsu, the structure of the sessions also
included these parts, but their proportions were character-
ised by greater variability. The preparatory part included
functional and specialised exercises, the main part com-
bined technical training with practical application, and the
concluding part could include additional rounds of spar-
ring or recovery exercises (Table 2).

Table 2. A comparative analysis of the structure of the training process in jiu-jitsu

Criteria Traditional (Japanese) jiu-jitsu Brazilian jiu-jitsu
Lesson structure Clearly defined, consistent Versatile, flexible
Introductory section General warm-up, basic movements Functional and specialised exercises
Main section Step-by-step practice of techniques A combination of technique, situational drills and sparring
Conclusion Recovery, generalisation Rematches or additional rounds

Organisation of technical training

Standardised repetition

Flexible, adaptable implementation

Tactics formation

Rehearsal of specific scenarios

Scenario modelling and decision-making

Role of sparring Auxiliary

Main

Scenario-based exercises

Limited use

Widespread use

Type of training

Structured, regulated

Dynamic, adaptive

Source: compiled by the author based on T. Ambrozy et al. (2021), B.S. Cerqueira et al. (2022), E. Bdez-San Martin et al. (2025)

The approach to teaching techniques differed in terms
of its underlying principles. In traditional jiu-jitsu, train-
ing involved repeated practice of techniques with a gradual
increase in difficulty, which ensured the standardisation of
movements. In Brazilian jiu-jitsu, technical training was
integrated with variable performance conditions, which
involved adapting techniques to the opponent’s actions
and applying them in different situations (Giardullo et
al., 2026). Approaches to developing tactical skills also dif-
fered: in the traditional style, these were developed through
practising specific scenarios, whereas in Brazilian jiu-jitsu,
they were developed through simulating combat situations
and making decisions under changing conditions. The role
of sparring and situational drills reflected these differences:
in traditional jiu-jitsu, sparring served a supporting func-
tion, whereas in Brazilian jiu-jitsu, it was a central element
of the training process.

An analysis of tactical approaches in competitive prac-
tice identified typical patterns of combat that reflected the
specific characteristics of the sporting versions of tradition-
al (Japanese) and Brazilian jiu-jitsu. Within the sporting
and competitive context of traditional jiu-jitsu, tactical be-
haviour was characterised by a focus on quickly establish-
ing control through the initiation of active actions aimed at
disrupting the opponent’s balance, executing a throw, and
subsequently applying control or finishing techniques. The
sequence of actions was characterised by relative linearity,
whereby each stage of the bout logically followed on from
the previous one. In Brazilian jiu-jitsu, tactical models were
formed on the basis of gradually achieving positional ad-
vantage, which involved progressively restricting the op-
ponent’s actions, controlling space and creating conditions
for a subsequent attack or the execution of a submission.
This model was characterised by a longer duration of ex-
ecution, continuous transitions between positions, and
the presence of alternative options for the development of
the bout. Decision-making methods in different phases of
the fight differed in nature and dynamics. In traditional

jiu-jitsu, decisions were made within the framework of
pre-determined technical and tactical schemes, which en-
sured the coordination of actions and their suitability for
typical situations. In Brazilian jiu-jitsu, decision-making
occurred in a changing environment, where the choice of
actions depended on the current position, the opponent’s
reaction, and the possibility of transitioning to a more
advantageous position. This necessitated constant adjust-
ments to tactical behaviour and the use of alternative solu-
tions within a single bout. Differences in the athletes’ tacti-
cal behaviour were evident in the nature of their interaction
with the opponent and the ways in which they exploited
their advantage. In traditional jiu-jitsu, actions aimed at
achieving a quick result through the effective use of the in-
itial phase of the bout predominated. In Brazilian jiu-jitsu,
tactical behaviour was characterised by a gradual approach,
control of the pace of the fight, and the ability to maintain
a positional advantage over a prolonged period. This ap-
proach involved a more flexible response to the opponent’s
actions and the use of various scenarios for the develop-
ment of the bout. The interconnection between technique
and tactics was evident in the mutual determination of the
choice of technical actions and the methods of their appli-
cation. In traditional jiu-jitsu, technique served as the basis
for implementing specific tactical schemes, which limited
variability but ensured the structure of actions. In Brazilian
jiu-jitsu, technical elements were integrated into the tactical
process as tools for achieving positional advantage, provid-
ing variation in their use depending on the situation. Thus,
the interrelationship between technique and tactics in the
two styles was characterised by different levels of flexibility
and methods of integration into competitive activity.
Based on a synthesis of the results of the structured
analysis conducted using the theoretical modelling meth-
od, a conceptual model of integrated technical and tacti-
cal training for athletes was developed, which combines
the systemic characteristics of two approaches to wres-
tling. The model was constructed by abstracting the key
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structural elements of technical and tactical training, fol-
lowed by their integration and logical organisation into a
coherent system that reflects the patterns of effective com-
petitive performance. The modelling covered parameters

such as the structure of the technical repertoire, the nature
of dominant positions, the principles of constructing tech-
nical actions, and the specifics of transitions between dif-
ferent phases of the bout (Table 3).

Table 3. Integration of elements of traditional and Brazilian jiu-jitsu
into the technical and tactical training programme for athletes

Model component

Training contents

Training elements

Practical implementation

Expected result

Basic and technical

Mastery of fundamental techniques
(throws, holds, joint locks,
chokeholds), development of
coordination and technical precision

Technical routines (cata),
isolated practice of
techniques, repetitive
exercises

Step-by-step learning: from
simple to complex, with
repeated practice and quality
checks

Consistency in technical skills,
precision and efficiency in
executing techniques

Position-monitoring

Development of control skills in
the standing and ground positions,
maintaining dominant positions,
and transitions between positions

Positioning exercises,
simulated scenarios, ground
combat drills

Practice of maintaining
positions (mount, side
control, etc.), transitions and
maintaining balance

Ability to control an opponent
and maintain the upper hand

Tactical and versatile

Development of flexible tactical
thinking, a variety of techniques,
and building combinations

Scenario-based exercises,
varied tasks, technical and
tactical combinations

Simulation of various fight
scenarios, variation in the
conditions under which
techniques are performed

Adaptability, speed of
decision-making, and
effectiveness in changing
circumstances

Competitive and
integrative

Integrating technical and tactical
actions into a coherent system of
competitive activity

Varied sparring, test matches,
and competitive formats

Sparring sessions with various
objectives (positional, time-
based, tactical)

Comprehensive competition
readiness, effective
application of skills

Transient-dynamic
(integrating)

Seamless transitions between the
stand-up and ground phases, as well
as between techniques and phases

Combined exercises, circuit
training, scenario-based drills

Practising transitions: throw
- control - submission;
guard -> sweep —> dominant

Smoothness of technical
movements, fluid transitions,

of the fight

and energy efficiency

position

Source: compiled by the author based on B. Szabo (2017), L. Lamas et al. (2024), M. Gomes et al. (2025)

The proposed model is based on a synthesis of the
structural order and basic technical fundamentals inher-
ent in traditional training approaches, combined with the
variability, adaptability and sophisticated positional con-
trol system characteristic of modern competitive practices.
Conceptually, the model envisages a combination of two
complementary training vectors. On the one hand, this
involves the development of clearly structured basic tech-
nical skills that ensure the stability and precision of tech-
nique execution. On the other hand, it involves developing
the ability to apply techniques variably in the changing
conditions of a match, which enhances the flexibility and
effectiveness of tactical decisions. Structurally, the model
comprises several interrelated components: basic-techni-
cal, positional-control, tactical-variational and competi-
tive-integrative. The basic-technical component focuses
on the formation of fundamental motor skills, the mastery
of key technical elements, and the development of athletes’
coordination abilities. The positional-control component
involves mastering the principles of controlling an oppo-
nent in various phases of the bout, including both stand-
ing techniques and positional control on the ground. The
tactical-variational component is aimed at developing the
ability to flexibly combine technical actions, make quick
decisions and adapt to an opponent’s behaviour. The com-
petitive-integrative component ensures the integration of
acquired skills into a coherent system of competitive activ-
ity, which takes the form of test matches and varied spar-
ring. The key principle of the model’s operation is to en-
sure seamless transitions between different technical and
tactical actions, achieved by integrating training elements
into a single logical sequence. This involves developing
athletes’ ability to effectively combine standing actions

with transitions to the ground, maintain positional con-
trol, and execute finishing techniques at the right moment.
This approach contributes to increasing the versatility of
training and ensures a higher level of adaptability in com-
petitive conditions. The implementation of the model in
the training process involves the use of combined training
methods, including technical sequences aimed at practis-
ing basic elements; situational exercises that simulate typ-
ical competitive situations and promote the development
of tactical thinking; and varied sparring, which ensures the
integration of technical and tactical skills in dynamic com-
bat conditions. The combined use of these methods creates
the conditions for the development of athletes’ adaptive
tactical thinking, enhances their ability to make effective
decisions, and optimises their technical and tactical train-
ing as a whole.

An example of implementing an integrated model of
technical and tactical training for jiu-jitsu athletes can be
presented in the form of a comprehensive training session
lasting approximately 90 minutes, structured in accordance
with the logic of the step-by-step development of technical
skills, positional control, tactical versatility and their inte-
gration into competitive activity. Such a session aims to de-
velop novice athletes’ ability to transition effectively from
standing techniques to ground control, followed by the ex-
ecution of finishing techniques, as well as to foster adaptive
tactical thinking in the context of dynamic interaction with
an opponent. The preparatory part of the session, lasting
10-15 minutes, involves general fitness and specialised ex-
ercises aimed at improving the body’s functional readiness
for exertion. It includes elements of a dynamic warm-up,
joint mobility exercises, as well as specific movements char-
acteristic of jiu-jitsu, in particular, safety techniques during
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falls, ground movement, bridges and technical lifts. This
stage creates the conditions for the safe and effective execu-
tion of subsequent technical actions and, at the same time,
lays the foundation for developing the skills to transition
between the different phases of a bout.

The main part of the session begins with the basic
technical component (approximately 20 minutes), during
which key technical movements are practised. In particu-
lar, the focus is on executing throwing techniques with an
emphasis on disrupting the opponent’s balance, correctly
initiating the move and completing the technical action,
followed by a transition to ground control. Practice is con-
ducted initially with minimal resistance from the partner,
and subsequently with a gradual increase in resistance,
which helps to develop stable motor skills and improve the
accuracy of technique execution. The next stage involves
the positional control component (approximately 15 min-
utes), aimed at developing the ability to maintain dominant
positions and control the opponent. During this stage, el-
ements of stabilising the body position on the ground are
practised, in particular, maintaining positions such as side
control and transitions to more advantageous positions,
such as mount. A substantial aspect is the development
of the ability to maintain control for a specified duration
under active resistance from the partner, which brings
training conditions closer to competitive activity. The tacti-
cal-variational component (approximately 20 minutes) in-
volves the use of situational exercises that simulate typical
match scenarios. Athletes perform tasks aimed at achieving
a specific objective (for example, transitioning to a dom-
inant position or executing a submission) whilst facing
active resistance from an opponent. This approach devel-
ops the ability to make decisions in dynamic situations, to
diversify technical manoeuvres, and to adapt to changing
circumstances during combat.

The transitional-dynamic component (approximately
10 minutes) is designed to integrate individual technical
elements into coherent combination sequences. In this
context, the connections between technical actions are
practised, encompassing the sequence: taking the oppo-
nent to the ground, establishing control, and finishing the
bout. The exercises are performed as continuous move-
ment with a gradual increase in resistance, which helps de-
velop the ability to transition smoothly between different
phases of the bout and optimise energy expenditure. The
competitive-integrative component (10-15 minutes) takes
the form of varied sparring, during which athletes apply
the technical and tactical skills they have acquired in con-
ditions as close as possible to those of a competition. A dis-
tinctive feature of the stage is the ability to vary the starting
conditions of the bout (starting from a standing position
or on the ground, time limits or restrictions on technical
actions), which can be used for a targeted influence on the
development of specific aspects of training. The final part
of the session (5-10 minutes) includes recovery exercises,
stretching of the main muscle groups and a brief analy-
sis of the combat. The reflective component helps athletes
become aware of actions, identify typical mistakes and
determine areas for further improvement. The proposed
example of a training session demonstrates the practical
implementation of an integrated model of technical and
tactical training, within which a gradual transition is

ensured from the acquisition of basic technical elements
to their comprehensive application in competitive activity.

Discussion

The results of this study showed that traditional jiu-jitsu
is characterised by greater structure, linearity and a focus
on throwing techniques, whereas Brazilian jiu-jitsu is dis-
tinguished by high variability, adaptability and a predomi-
nance of positional control on the ground. This is consistent
with the findings of R. Matkarimov et al. (2024), who noted
that the effectiveness of technical and tactical training in
martial arts depends on the ability to combine structured
technical elements with adaptive tactical decisions. The re-
sults showed that in Brazilian jiu-jitsu, the athlete’s ability to
react quickly and maintain control in conditions of variable
interaction with an opponent is substantial, as evidenced
by continuous transitions between positions. This is con-
sistent with the findings of J. Kedziorek et al. (2025), who
established the significance of reaction and postural control
under dual-load conditions in Brazilian jiu-jitsu athletes,
emphasising the importance of sensorimotor adaptation
for effective technical and tactical performance. The study
also revealed that the training process in traditional jiu-jit-
su is based on the standardised repetition of techniques
and the practising of specific scenarios, which ensures con-
sistency in performance. The results of this study showed
that, in contrast to a more regimented approach, Brazilian
jiu-jitsu favours the use of situational drills and sparring,
which ensure constantly changing conditions and encour-
age athletes to make independent decisions. This approach
promotes the development of adaptive thinking, the ability
to react quickly to an opponent’s actions, to vary technical
manoeuvres and to combine them effectively in the dynam-
ic environment of combat.

Tactical behaviour in traditional jiu-jitsu is linear in
nature and aimed at achieving a result quickly, whereas
in the Brazilian style it is characterised by gradual pro-
gression, positional control and flexible decision-making.
This corresponds with the findings of L. Loren¢o-Lima et
al. (2025), who emphasised the role of mental resilience
and cognitive flexibility in shaping effective behaviour in
athletes under challenging competitive conditions. The
study established a correlation between technique and tac-
tics, which in traditional jiu-jitsu is more rigidly regulated
and implemented through pre-determined technical and
tactical patterns, whereas in Brazilian jiu-jitsu, it is charac-
terised by flexibility, dynamism and the ability to constant-
ly adapt in the context of changing interactions with the
opponent. This approach involves not only the mechanical
execution of technical actions but also their conscious var-
iation depending on the situation during the bout, ensur-
ing a more effective integration of the technical and tactical
components of performance. This is consistent with the
findings of L. de Lorenco-Lima et al. (2025), who high-
lighted the significance of self-control, aggression and psy-
chological resilience as key factors ensuring athletes’ per-
formance in complex and dynamic competitive situations.
The results of this study also showed that the use of varied
sparring as a key element of training in Brazilian jiu-jitsu
creates the conditions for the holistic integration of techni-
cal and tactical skills in an environment that closely resem-
bles competition. The variability of sparring conditions, in
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particular changes in starting positions, pace and level of
resistance, helps to foster flexible thinking, improve deci-
sion-making skills and develop the ability to act effectively
in non-standard situations. This training format not only
enhances technical and tactical proficiency but also main-
tains a high level of athlete engagement in the preparation
process. This is consistent with the findings of T.L. Tarver &
J.J. Levy (2023), who noted that athletes’ motivation to train
is largely linked to practical forms of interaction, particu-
larly sparring, which enhances the effectiveness of learning
and skill consolidation.

The results of this study showed that the effectiveness
of technical and tactical training depends not only on
physical and technical aspects, but also on psychological
factors. This is consistent with the findings of R.O. Sego-
via et al. (2024), who notes the positive impact of Brazil-
ian jiu-jitsu training on mental health, as well as with the
results of J.C.A. Bueno et al. (2025), who highlighted the
importance of recovery and the physiological condition of
athletes. The results of this study showed that the intensity
and contact nature of Brazilian jiu-jitsu require proper con-
trol of training loads, as the dominance of ground fighting
and continuous technical and tactical actions is accompa-
nied by demands on athletes’ functional, strength and co-
ordination fitness. This is consistent with the findings of
C.R. Riquelme-Herndndez et al. (2022), who, within the
framework of a scoping review, established that compet-
itive activity in BJJ is characterised by high physiological
and physical demands, as well as a significant role for tech-
nical and tactical components in the structure of athletes’
sports training.

The results of the study showed that the high variabil-
ity of technical actions and the dynamic nature of transi-
tions between phases of a jiu-jitsu bout necessitate con-
stant tactical decision-making and rapid decision-making
under changing conditions of combat. In this regard, the
effectiveness of technical and tactical actions depends to a
large extent on the athlete’s psychological resilience, their
confidence in actions, and their readiness to apply varied
models of match conduct. Effective technical and tactical
training requires an adequate level of physical fitness and
injury prevention, particularly in conditions of high-in-
tensity combat and a significant number of ground-based
contact actions. This is consistent with the findings of
L.C. Nery et al. (2023), who identified a high prevalence
of injuries among Brazilian jiu-jitsu athletes, particularly
injuries to the knee and shoulder joints, which underscores
the need for effective load management and the implemen-
tation of preventive measures within the sports training
system. Positional control and ground combat in Brazilian
jiu-jitsu are accompanied by increased stress on the mus-
culoskeletal system, which influences the nature of athletes’
training. This is consistent with the findings of M. Piekar-
ski et al. (2026), who identified a high prevalence of knee
injuries among athletes, emphasising the need to address
biomechanical loads when planning the training process.
Furthermore, the intensity of competitive activity and the
specific nature of technical movements affect athletes’ re-
covery process and necessitate a comprehensive approach
to rehabilitation. The high level of physical contact, sig-
nificant loads during ground fighting, and frequent tran-
sitions between positions create additional functional and

mechanical stress on the body, requiring a systematic com-
bination of recovery measures, load control, and rational
planning of the training process. This is consistent with the
findings of F. Santacaterina et al. (2025), who note that Bra-
zilian jiu-jitsu is characterised by a high incidence of injury,
which, in turn, necessitates the implementation of effective
recovery strategies and the optimisation of the process of
athletes’ return to training and competition. Thus, the re-
sults of this study confirm that technical and tactical train-
ing in traditional and Brazilian jiu-jitsu have both common
foundations and differences, which are manifested in the
structure of technical actions, the organisation of the train-
ing process, and the tactical behaviour of athletes.

Conclusions

A comparison of the technical repertoires of Japanese and
Brazilian jiu-jitsu has revealed differences in the priorities
of technical groups, the structure and variety of technical
manoeuvres, as well as in the roles of the standing and
ground positions; these differences stem from the histori-
cal context of their development and the specific nature of
their competitive practice. Both styles are based on shared
principles of controlling the opponent and the rational use
of movements; however, their practical implementation
differs in terms of the content and structure of technical
actions. Traditional jiu-jitsu was characterised by a domi-
nance of throwing techniques, a focus on standing actions,
and the linearity and structure of technical combinations,
whereas Brazilian jiu-jitsu was distinguished by a focus on
positional control on the ground, multi-level transitions,
dynamism and a highly adaptable technical repertoire. A
comparative analysis of the structure of the training pro-
cess in Japanese and Brazilian jiu-jitsu also revealed differ-
ences in the balance of training components, the organi-
sation of technical instruction, the development of tactical
skills, and the role of sparring. In traditional jiu-jitsu, the
training process was characterised by clear regulations, a
sequence of stages, standardised repetition of techniques
and the practising of specific tactical scenarios, which en-
sured the structure and predictability of the training. In
contrast, Brazilian jiu-jitsu was characterised by diversity,
a combination of technical training and practical applica-
tion, the active use of situational drills, and the central role
of sparring as the primary means of integrating technical
and tactical actions. It was found that tactical behaviour in
the traditional style was based on linear patterns aimed at
achieving a quick result through the effective use of the ini-
tial phase of the bout. At the same time, in Brazilian jiu-jit-
su, tactical models were based on the gradual acquisition of
positional advantage, flexible responses to the opponent’s
actions, and the adaptability of decisions in changing com-
bat conditions. This entailed a closer and more flexible in-
terconnection between technique and tactics, ensuring the
effectiveness of actions in various competitive situations.

Based on theoretical modelling, a conceptual mod-
el of integrated technical and tactical training for athletes
has been developed, combining the structured and funda-
mental nature of traditional approaches with the variability,
adaptability and positional control of modern competitive
practices. The model encompasses interrelated components
(basic-technical, positional-control, tactical-variational
and competitive-integrative) and is based on the principle
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of continuous transitions between technical and tactical ac-
tions, ensuring the integrity of training. Its implementation
contributes to the formation of stable technical skills, the
development of adaptive thinking, and the enhancement
of athletes’ competitive performance. The proposed exam-
ple of a training session demonstrates the practical imple-

model ensures the development of the ability to transition
seamlessly between phases of a bout, the optimisation of
technical and tactical actions, and an improvement in the
performance of athletes in competition. Future research
should verify the integrated model in practice and evaluate
its impact on athletes’ competitive performance.

mentation of an integrated model of technical and tactical
training, which ensures the step-by-step development of
technical skills, positional control, tactical variability and
their integration into competitive performance. The struc-
ture of the session involves a sequential transition from ba-
sic technique practice to their comprehensive application
in conditions of variable interaction with an opponent,
which promotes the development of adaptive thinking and
the effectiveness of actions. The implementation of this
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AHoTaujia. Mertoro pocmifkeHHA OyI0 BM3HAUeHHA CHelUQIYHMX XapaKTePUCTUK TEeXHIKO-TaKTMYHOI IifIrOTOBKU
CIIOPTCMEHIB Yy TpPafULilfHOMy Ta OpasuMIbCbKOMY PKUY-PKUTCY. MeTOfoorist HOCHi/PKeHHsT IPyHTyBajacs Ha
3aCTOCYBaHHI CTPYKTYpPHOTO aHAJIi3y, HOPiBHAHHSA Ta TEOPETUYHOTO MOJEIIOBAHHA. Y Pe3ynbrari JOCIimKeHH OyI10
BCTAHOBJIEHO BiIMIHHOCTI y CTPYKTYpi TEXHIYHOIO apceHaly [BOX CTWUJIB, IO NPOABJIANNUCA Y NPIOPUTETI KUJAKOBOI
TEXHiKU, JIIHI/THOCTI Ta peIIaMEeHTOBAHOCTI /Iill Y TPaULifIHOMY JDKUY-JKATCY Ta OPi€eHTallil Ha MO3ULiIHNIL KOHTPOJIb,
BapiaTMBHICTb i alalITUBHICTD Y 6paswibcbKoMy. BusABIeHO, 110 y TpaguLIiliHOMY (AIIOHCHKOMY) IXKUY-IPKUTCY TOMIHY€E
CTiliKa sIK OCHOBHA (pasa peasrisariil TeXxHIYHMX AilT, TOAI K y 6pas3miIbCbKOMY KII0YOBY POIb Bifirpae maprep. Busnadueno
BifMiHHOCT] y popMyBaHHI TAKTUYHMX HABUYOK, LIO IIPOSIBIIAIOTHCS Y JIHIHOCTI TAKTMYHUX CXeM 1 opieHTamii Ha
HIBU/IKE TOCATHEHHS Pe3y/IbTaTy B TPAAMULITHOMY CTI/II Ta Y IIOCTYIIOBOMY 3400YTTi MO3ULIIHOI TepeBaru, THyIKOCTi
Ta aJ]ANITUBHOCTI pillleHb y 6pasmnbcbkoMy. O6IPYHTOBAHO B3a€MO3B A30K TEXHIKM Ta TAKTUKU, AKUIT Y TPALULIITHOMY
IKUY-IKUTCY Ma€e OLIBII XKOPCTKO perlaMeHTOBAaHUI XapaKTep, a Y OpasuiIbcbKOMy — JUHaMiuyHMil i BapiaTMBHMIL.
Po3po6ieno iHTerpoBaHy MOJieIb TEXHIKO-TaKTMYHOI MifTOTOBKM, IO IIOENHYBaTa 0a30BO-TeXHIYHMUI, IO3MUIIITHO-
KOHTPOJIBHNIL, TAKTUKO-BAPIATUBHMII i 3MarajbHO-IHTErPATUBHMII KOMIIOHEHTII, @ TAKOX Hepefbavana GesnepepBHICTh
HepexofiB MK (asaMit MOELUHKY. 3allpOIOHOBAHO IIPUKIIA, TPEHYBATbHOIO 3aHATTS, SIKUIT J€MOHCTPYE HPAKTUUHY
pearnisarito Mofeni Yepe3 moeTanHe GOPMYBaHHS HABUYOK i IX iHTerpalilo y 3MarajabHy AisnbHICTb. BcTaHOBNIEHO, 1[0
3aCTOCYBaHHS BapiaTMBHOTO CITAPVMHTY Ta CUT YA/ HUX BITPAB CIIPUSAE PO3BUTKY aJAITUBHOIO MUC/TIEHH Ta ePeKTUBHOCTI
TeXHiKO-TaKTUYHUX JIili CHOpTCMeHiB. PesynbTatu gociikeHHA MifiTBepAMIN TOLiIbHICTD iHTerpalii CTpyKTypoBaHOCTI
TPaJUIIHNX IiAXOAIB i3 BapiaTMBHICTIO MPaKTUK /I HifiBuIeHHS e(eKTMBHOCTI TEXHIKO-TAaKTUYHOI Mi/[TOTOBKM
crioprcmeHiB. [TpakTidHe 3HaUYeHHs TOCIIPKEHH MO/IATAE Y MOXKIMBOCTI BUKOPUCTAHHsI PO3po6/IeHOl iHTerpoBaHol
Mofie/li Ta 3alpONOHOBAHMX TPEHYBAIbHUX IIAXOMIB I MifBUIIEHHS e(eKTMBHOCTI HaBYaTbHO-TPEHYBATbHOTO
IIPOLIECY CIIOPTCMEHIB

Kntouosi cnoBa: TpeHyBanbHi 3acobu; Ipoliec MiATOTOBKY; B3a€EMO3B 130K TEXHIKV Ta TaKTUKMU; TeXHIUYHMII apceHas;
TO3NLIiTHNI KOHTPO/Ib
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Abstract. This study aimed to provide a theoretical justification for the specificities of physical and technical preparation
of athletes at the initial stage of preparation in sport climbing. The study was based on the theoretical and methodological
framework using theoretical analysis of scholarly sources and logical-structural modelling. The results showed that the
training of novice athletes is multifaceted and based on the interconnection of physical qualities and technical skills.
Among them, grip strength, coordination abilities and endurance are the priority ones. It is shown that grip strength
can improve the athlete’s ability to maintain positions in a variety of positions and transitions, and it is necessary to
develop it with gradual changes, taking into account the physical possibilities of the athlete. It has been established that
the coordination abilities play a system-forming function, as they ensure the correct mastery of technical movements,
precision of movement and adaptation to track conditions. A review of the scientific literature has made it possible to select
and substantiate such training methods and means: hanging and holding exercises, climbing on simple routes, balance
and coordination exercises, as well as prolonged and interval adaptive workloads. It is also proven that the effectiveness
of training at the initial stage can be ensured through the integrated implementation of these methods, variability of
performing conditions and gradual complication of motor tasks. The developed model of the structural-logical structure
of training has made it possible to establish the interrelationship between physical qualities and technical training, the
development of coordination skills, and provided for the gradual development of motor skills. It was established that the
rational regulation of the training load contributes to the safe preparation of sportsmen and the prevention of overload.
The practical significance of the study lies in the possibility of applying its findings by coaches for sport climbing, teachers
of physical education and instructors at children’s and youth sport schools when organising training, in order to build the
training process to ensure the correct and safe preparation of physical and technical qualities

Keywords: physical qualities; grip strength; endurance; training process; effectiveness of technical skill acquisition

Introduction
With the expansion of sport climbing into an Olympic  phase of long-term athletic training plays a critical role in
discipline, the number of children and teenagers training  the formation of fundamental motor skills, coordination
systematically has grown, necessitating the scientifically  abilities, and prerequisites for further athletic improve-
grounded organisation of initial preparation. The initial —ment. Contemporary studies emphasise the necessity of
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balancing general physical training with specialised train-
ing methods, while also accounting for the psychophysio-
logical and developmental characteristics specific to youth
athletes. The lack of a systematic approach to defining the
content and organisation of the preparatory stage in sport
climbing remains a significant obstacle to optimising train-
ing outcomes. It is substantiated that the organisation of in-
itial preparation in sport climbing is related to the need to
reconcile the goals of training in such aspects as the devel-
opment of the main physical qualities and skills, acquiring
skills, techniques and coordination skills, and maintaining
the safety of training with children and adolescents. In
practice, this creates a tension between the pressure to im-
plement specialised skills from an early age and the age-ap-
propriate recommendation to prioritise general physical
development. These competing aims make identifying
the optimal training structure for the early phase of sport
climbing particularly challenging.

The impact of various training approaches on physical
capacity and sport-specific performance has been explored
by numerous scholars. For instance, N. Stien et al. (2023)
evaluated the efficacy of combining specialised exercises
with strength work within athlete training programmes. It
was found that the integration of these methods leads to
gains in strength, endurance, and skill execution efficien-
cy. Furthermore, they noted that the training response dif-
fered based on the athlete’s current level of conditioning,
underscoring the need for differentiated training plans.
The value of climbing movements for developing balance
in youth was studied by M. Casdneanu et al. (2025). They
focused on the coordination-related aspects of motor ac-
tivity. They measured static and dynamic balance under the
influence of specially selected exercises. The researchers
observed notable improvements in balance control, which
they attributed to the unique movement patterns in climb-
ing. These findings highlight the crucial contribution of
such exercises to overall coordination development during
childhood. In their research, B. Gilic & D. Vrdoljak (2023)
investigated select preparation indices for young elite
climbers with respect to their sex, age and biological ma-
turity. They assessed the physical and functional qualities
that determine performance in this sport. The differences
found the strength, endurance and coordination indices
according to the characteristics of the athletes. The study
emphasised the necessity for taking into account individual
physiological features in organising the training process in
the initial period of preparation.

A. Saeterbakken et al. (2024) studied the relationship
between strength training, climbing performance and inju-
ry prevention. They summarised the available evidence on
the effect of various types of strength training on the per-
formance indices of sport-specific and functional capaci-
ties of athletes. It is concluded that the presence of strength
loads in the training process is associated with an increase
in performance and a decrease in injury. P. Diez-Fernan-
dez et al. (2023) conducted a systematic analysis of the
performance factors in sport climbing. Their study sum-
marised data on the physical, technical and physiological
qualities of athletes. They revealed strength, endurance and
specific motor skills as key determinants of performance.
The research also systematised approaches to performance
assessment. K. Mulyk et al. (2021) assessed the efficiency of

special equipment used for the development of muscular
strength. They identified changes in strength characteris-
tics as a result of using the training equipment of different
types. The results obtained confirmed the role of technical
training equipment in physical preparation.

M. Kovarova et al. (2024) performed an analysis of the
injuries in climbing, taking into consideration risk factors.
The study examined the types of injuries, their origin and
training conditions. They also revealed the most common
injuries and risk factors in the climbing process. The find-
ings made it possible to reveal specific features of training
organisation ensuring safety. M. Bing6l (2023) analysed
the impact of climbing training on the physical qualities
of athletes. The study examined the changes in strength,
flexibility, speed and agility after undergoing a training
programme. The group of study subjects showed the im-
provement of these indicators. The data obtained showed
the effect of climbing training on the formation of physical
qualities. H. Giirer et al. (2024) studied the effects of climb-
ing training on psycho-emotional state in adolescents. The
study analysed indices of mental health, emotional well-be-
ing and self-esteem. The researchers found changes in psy-
chological qualities under the effect of climbing training.

The previously mentioned studies were limited to the
investigation of specific components of preparation. They
mainly focused on the formation of strength abilities, co-
ordination abilities and psychophysiological characteris-
tics. However, they failed to provide a detailed picture of
the complex relationship between physical and technical
preparation in initial training. At the same time, the sys-
tematisation of approaches to the development of grip
strength, coordination and endurance abilities, including
their inclusion into the structure of training, also requires
turther elucidation. This study aimed to establish the par-
ticular features of physical and technical preparation of
novice athletes in the process of training in sport climbing.
The objectives of the study included analysing scientific
views on the content of physical and technical preparation
of athletes in sport climbing, to identify means and meth-
ods of developing grip strength, coordination abilities and
endurance at the initial stage of preparation and to con-
struct a logical-structural model of athletes’ initial prepara-
tion in sport climbing.

Materials and Methods
The study was conducted within a theoretical and meth-
odological framework. The following methods were used:
theoretical analysis of scholarly sources, the method of
logical-structural modelling, and the method of systematic
synthesis. The theoretical analysis of scholarly sources was
carried out to determine the specific features of physical
and technical preparation of athletes at the initial stage of
preparation in sport climbing. The studies of C.M. Mermi-
er et al. (2000) and E. Lépez-Rivera & J. Gonzalez-Badil-
lo (2012) are used to identify the approaches to the devel-
opment of grip strength and strength qualities, as well as
the specifics of physical loads in climbing. The publications
by S. Sterkowicz et al. (2014), D. Orth et al. (2016), and
D. Saul et al. (2019) were used to describe coordination
abilities, forming the motor actions and fundamental tech-
nical skills in novice athletes. The analysis of the articles
by N. Taylor et al. (2020) and L. Rappelt et al. (2023) made
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it possible to identify the most effective approaches to the
development of endurance and ways of implementing
adaptive forms of training loads. The units of analysis in-
cluded types of physical qualities, methods of development
and technical elements of sport climbing, methods of their
development. The analysis allowed for the systematisation
of the most common training methods used in the process
of training. In particular, hanging and holding exercises,
climbing on simple routes, coordination and balance, and
adaptive forms of the interval and prolonged workloads.

To explore the theoretical principles in greater depth,
the method of logical-structural modelling was used for the
purpose of constructing the model of initial preparation in
sport climbing. The model was developed on the basis of a
synthesis of theoretical and methodological approaches to
the preparation of athletes, as well as principles of sports
training theory related to the stage-by-stage formation of
motor skills and physical qualities development. The idea
of the model was based on the interrelationship of phys-
ical and technical preparation, the priority of the devel-
opment of coordination abilities during the initial stage
of preparation, and the principles of progressive increase
and variability of the training load. The model was built
on the principle of sequential structuring, which involves
the definition of training goals, followed by the selection
of methods and means for achieving them. In the structure
of the model, the main components were identified, name-
ly: training objectives, leading physical qualities, methods
of training influence, sequence of formation of technical
skill, as well as the principles of load regulation. The log-
ic of the model is based on a stageby-stage formation of
motor skills, progressing from the acquisition of basic co-
ordination elements to the integration of technical skills
into the holistic activity of climbing. During the modelling,
functional relationships between the level of development
of physical qualities and the results of mastering climbing
techniques were revealed, which allowed substantiating
the priority of developing coordination abilities at the ini-
tial stage of athlete preparation, on which the formation of
technique is based. The constructed model was theoretical-
ly verified by comparing the model units and logical basis
of its construction with the data of the analysed sources
(Vasile et al., 2021; Skriver et al., 2024). The interpretation
of the results was based on the principles of the systems
approach (initial preparation is an integrated dynamic
system of interrelated factors: physical qualities, skills and
technique; parameters of the training load). The obtained
results created a theoretical basis for substantiating effec-
tive approaches to organising the training process at the
initial stage of preparation in sport climbing and made it
possible to identify optimal methods for developing key
physical qualities and forming fundamental technical skills
in novice athletes.

Results
The preparation of novice athletes in sport climbing is based
on the integration of key physical qualities and technical
skills. The structure of such preparation includes the main
areas of development, namely grip strength, coordination
abilities, endurance, and the formation of fundamental
technical skills. One of the key areas in the preparation of
athletes at the initial stage of training in sport climbing is

the development of grip strength, as it is this that enables
them to effectively maintain the body weight in interaction
with the grips of different configurations and shapes, with
different sizes and locations. In this regard, the develop-
ment of both static and dynamic strength of the muscles of
the hand, fingers and forearm is especially important, since
this affects the ability of an athlete not only to hold the body
position, but also to move from one position to another.
An important aspect is also the development of grip endur-
ance, which ensures the sustained maintenance of working
capacity during route completion. At the initial stage of
preparation, this component is developed gradually, tak-
ing into account the age-related and functional capacities
of athletes, which makes it possible to avoid overload of
the musculoskeletal system and ensure safe development
(Labott et al., 2020; Buraas et al., 2025).

Coordination abilities are regarded as a system-form-
ing component of preparation that determines the effec-
tiveness of acquiring technical actions and the quality of
movement execution. Their content includes the develop-
ment of spatial-temporal accuracy, the ability to maintain
balance in unstable positions, the differentiation of mus-
cular effort, and the coordination of upper and lower limb
movements (Orth et al., 2016). In sport climbing, coordi-
nation is manifested in the ability to position the body ac-
curately in relation to supports, to change the position of
the centre of mass in a timely manner, and to adapt move-
ments to the specific features of the route. At the initial
stage of preparation, one of the most important things is
the development of coordination, since this lays the foun-
dation for the formation of technique and the reduction of
unnecessary energy consumption. In addition, a high level
of coordination abilities contributes to increased training
safety by ensuring movement control in complex positions
(Sterkowicz et al., 2014). Within the system of preparation
for novice athletes, endurance is understood as the body’s
ability to resist fatigue and maintain the required level of
working capacity throughout the climbing process. Under
the specific conditions of sport climbing, endurance has a
complex character and combines both general and special-
ised endurance. General endurance creates the functional
basis for performing prolonged workloads, whereas spe-
cialised endurance is directly associated with maintaining
grip and repeatedly executing technical actions. A particu-
lar characteristic of the development of this component at
the first stage is the implementation of adaptive load modes
with a gradual increase in the duration and intensity of
exercise (Saul et al., 2019). This ensures the balanced de-
velopment of the body’s functional capacities without the
risk of overfatigue and contributes to improving the overall
working capacity of athletes (Rappelt et al., 2023).

Technical preparation is an integrative component that
brings together the results of physical development in the
form of a holistic system of motor action. Its content im-
plies mastery of key elements of movement along the route:
the correct positioning of the feet, the most rational use of
the holds, the best body position with respect to the verti-
cal surface, and choosing a rational movement sequence.
Special attention is paid to the development of skills aimed
at economising motor activity, which involves reducing
superfluous effort and distributing loads more rational-
ly across different groups of muscles. Technical skills are
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developed in the initial stage of preparation under sim-
plified conditions, with a gradual increase in the level of
complication of the tasks to ensure the acquisition of stable
skills. At the same time, technical preparation has a close
relationship with the development of coordination and
strength, the joint improvement of which is necessary (Tay-
lor et al., 2020). In summary, each of the identified com-
ponents performs a complementary function within the
structure of athlete preparation at the initial stage, while
their purposeful development provides the foundation for
the further improvement of sporting mastery.

The process of formation and development of these
components of the training of the athlete at the initial
stage takes place under the systematic and consistent im-
plementation of a number of specially selected methods,
the purpose of which is the complex development of grip
strength, coordination abilities, endurance and the most
important technical skills. It was determined that the im-
plementation of such an approach does not imply the use
of individual isolated exercises, but the combination of a
variety of exercises within the framework of a coherent
training system. A characteristic feature of these methods
is the variability of execution conditions, the gradual com-
plication of motor tasks, and adaptability to the individual
capacities of athletes, which ensures an optimal balance
between educational and developmental effects. The de-
velopment of grip strength takes place mainly through ex-
ercises on hanging and holding, during which the athlete
maintains a stable body position on various types of holds
(flat, active, passive, and crack holds) with different widths
and positions of the fingers and hands, using different sup-
port points. The most common methods include hanging
on straight and bent arms, maintaining a stable position
of partial unloading of the lower limbs, as well as complex
exercises with the transfer of load on the upper limbs from
the minimum amount of load on the lower limbs to their
gradual disengagement.

Key aspects that need to be taken into account include
a gradual increase in the duration of the support, the use
of repeated repetitions, the timing of the rest period and
the maintenance of a certain degree of muscle tension. This
type of training strengthens the muscles of the hand, fin-
gers, and forearm, in addition to developing neuromuscu-
lar coordination. This enables the athlete to properly reg-
ulate effort and avoid excessive fatigue. This also increases
the efficiency of acquiring technical skills. Climbing routes
on simple routes is a fundamental tool for an integrated
approach, combining the development of physical abilities
with the acquisition of technical skills. At the initial stage,
such routes should consist of a large, comfortable hold
and a slight or vertical incline. It has a sufficiently complex
sequence of movements. This creates favourable condi-
tions for a more accurate execution of technical elements,
particularly foot placement, choosing the best points of
support and moving the body efficiently. Both methods
are common in practice: ascent continuously in a steady
rhythm, repetition in sections with a focus on learning sep-
arate movements. There was proof that such variability in
conditions (change of rhythm of movement, conditions of
restriction on the use of separate holds, movement from
position holds) has a positive effect on the development
of motor variability, increases the accuracy of performing

movements and ability to act in changing environmental
situations (Lopez-Rivera & Gonzalez-Badillo, 2012).

The exercises for developing balance and coordination
are directed to develop the ability to maintain an equilib-
rium of the body and move effectively while performing
complex supporting conditions. For these purposes, ex-
ercises on an unstable support are recommended, mov-
ing along a limited support, maintaining equilibrium in a
standing asymmetrical position, and coordination exer-
cises for changing body position under certain conditions.
In the context of climbing, exercises with an emphasis on
footwork are widely used, in particular, precise foot place-
ment on small holds, shifting the centre of mass without
using the hands, and performing movements with pauses
in extreme positions. The use of such methods promotes
the development of spatial awareness, improves intermus-
cular coordination, and supports the formation of rational
movement strategies. Endurance development is achieved
through the use of prolonged and interval training loads
with an adaptive character, selected in accordance with the
athletes’ level of preparedness. Prolonged loads are imple-
mented through continuous low-intensity climbing or sets
of exercises with moderate intensity, which contribute to
the development of general endurance and the functional
capacity of the cardiovascular system. Interval training is
based on the principle of alternating work-rest intervals,
for example, by repeating the passing of sections of a route
with a prescribed rest time. This ensures the development
of a separate type of endurance and speed of recovery.
When implementing this method, it is important to control
the volume and intensity of training and, more importantly,
gradually increase these parameters to ensure the quality of
adaptation to training loads without overloading the ath-
lete (Mermier et al., 2000).

At the same time, it should be noted that these meth-
ods are not used independently of each other. This is part
of a single process of sports training. Each of them has its
own role here. It is both a specific as well as a complemen-
tary function. The combination of strength, coordination,
and endurance exercises with technical tasks ensures the
comprehensive development of athletes and creates the
conditions for the formation of stable motor skills. It is also
worth noting that at the initial stage, it is educational and
developmental exercises that predominate, which contrib-
ute to the qualitative acquisition of fundamental elements,
rather than achieving maximum indicators of the level of
physical fitness. Consequently, the effectiveness of novice
athlete preparation in sport climbing largely depends on
the rational selection and combination of training methods
that ensure gradual, safe, and diversified development of
physical qualities and technical skills.

A structural-logical model of the initial stage of the
preparation of athletes for sport climbing is presented. It
shows how physical and technical preparation are interre-
lated in the process of learning. Physical preparation acts as
the functional basis for the formation and implementation of
technical actions. Meanwhile, technical preparation makes
it possible to use the physical potential of the athlete more
rationally during climbing. The main idea of the presented
model is the priority development of coordination abilities
at the initial stage of preparation, as it will affect the speed of
formation of motor skills, the exactitude of the performance
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of technical skills and adaptation to variable climbing con-
ditions. This provides a basis for further development of
grip strength, endurance, and technical skills of athletes.

The construction of the model was based on the prin-
ciples of gradual progression and variability in training.
The principle of gradual progress entailed the increase in
the complexity of tasks and the volume of the training load
step by step, depending on the level of training readiness.
The principle of variability was realised through the vari-
ability of exercise conditions and the use of various work
regimes, as well as taking into account the individual

characteristics of the athletes in the training process. The
training concept was based on the formation of motor ac-
tions in stages: the formation of elements of complex co-
ordination was preceded by learning the basic technical
movements of the activity, climbing. This principle ensured
a stable nature of training and the formation of motor skills
on a lasting basis. For a more systematic presentation of the
content of the training process, its main components are
presented with their structure and components depending
on their functional goal in the training process, content and
mechanisms of training are implemented (Table 1).

Table 1. Structure of the model of initial preparation for athletes in sport climbing

Model component Content

Functional purpose

Expected outcome

Formation of a basic level of physical fitness

Training objectives | and acquisition of fundamental technical

Define the overall direction of the training
process and preparation targets

Achievement of an initial level of readiness
for participation in climbing activities

skills
Key physical Grip strength, coordination abilities,
qualities endurance

Provide the physical foundation for
performing technical actions

Improved ability to maintain grip, coordinate
movements, and sustain prolonged effort

Hanging exercises, climbing on simple
routes, coordination exercises, interval
training loads

Training methods

Deliver targeted development of physical
qualities and technique

Formation of basic motor skills and
development of physical capacities

Foot placement, use of holds, body

Technical skills . .
positioning, movement sequencing

Integrate physical qualities into sport-
specific motor activity

Development of an efficient climbing
technique

Load regulation | Control of volume, intensity, and variability

Ensure adaptation and prevent overload

Gradual improvement in preparedness
without excessive fatigue

Source: compiled by the authors based on data from A. Vasile et al. (2021), S. Skriver et al. (2024)

As the presented model suggests, initial preparation
in sport climbing is a system, the physical training and
technical training components of which are interrelated
and interdependent. The presented components allow
the formation of motor skills, taking into account an
individual athlete’s level of preparedness and the speci-
ficity of their activity. In the practical application of the
model, the priority in the initial training was given to
the development of coordination abilities as the basis for
improving the technical skills of climbing, grip strength
and special endurance. The efficiency of preparation
is also related to the diversity of training methods and
the appropriate dosage of the physical workload, which
allows for a gradual adaptation of the athlete’s body to
the requirements of the activity, without any overloads.

The resulting structure of the proposed model can be
considered the theoretical and methodological basis for
planning the training process of novice athletes in sport
climbing and selecting the most appropriate methods for
developing the necessary physical qualities and forming
basic technical skills. Furthermore, in order to further
develop the theoretical framework in order to improve
the structure of the initial training, the functional rela-
tionships between key physical qualities and technical
training in competitive rock climbing were analysed. The
summary of the analysis allowed identifying that there
is a specific effect of the coordination ability, strength of
the hands, and endurance on the formation of technical
skills in novice athletes. The corresponding functional
relationships are presented in Table 2.

Table 2. Functional relationships between physical qualities and technical preparation of athletes at the initial stage

Physical quality

Nature of influence on technical preparation

Manifestation in climbing

Coordination abilities

Determine the speed and quality of acquiring technical elements;
ensure precision and synchronisation of movements

Accurate body positioning, effective transfer of the centre
of mass, adaptation to varying route conditions

Grip strength to holding and transitions

Enables the execution of technical actions related

Hold retention, positional stability,
execution of dynamic transitions

Endurance over extended periods

Influences the ability to maintain technical quality

Sustained movement accuracy, reduced impact of fatigue,
stability of technical actions

Source: compiled by the authors based on data from D. Stankovic et al. (2019), R. MacKenzie et al. (2019)

t the first sub-stage, basic coordination skills develop-
ment prevails, which provides for mastering basic methods
of movement control, balance maintenance, and spatial
orientation. During this period, attention is paid to the

formation of simple motor actions and the development of
proprioceptive sensitivity and control of the position of the
body, as the foundation for subsequent steps to the more
complex technical task. The following stage is characterised
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by the gradual integration of established coordination el-
ements with the development of strength and endurance,
which makes it possible to master more complicated mo-
tor actions and withstand higher workload. At this level,
the formation of motor skills of athletes occurs through
an expansion of motor experience, an increase in the ac-
curacy of execution of movements, and the ability to use
them depending on the way they are carried out. The final
stage of initial preparation is associated with the integra-
tion of developed physical qualities and technical training
in the overall work of sport climbing, which is manifested
in the ability to perform sequences of motor actions with
the right technical execution and rhythm and with minimal
effort. At this level, coordination movements become more
organised, motor skills are better automated, and they are
performed stably with variable loads. It is also proven that
a step-by-step training is a prerequisite for forming motor
skills correctly. This means that learning should have a log-
ical course, and the tasks should increase gradually, while
the physical and technical part of novice athletes should fit
into the structure in the most effective way.

It is important to keep in mind that physical fitness acts
not only as a condition that makes it possible to execute
motor actions, but also as a factor that affects the quality,
accuracy and stability of technical actions. Coordination
abilities affect the development of technical skills, since
they provide the accuracy of movements, coordination of
movements in individual body parts, as well as the ability
to quickly adjust motor programmes to certain conditions,
that is, to certain tasks. The higher the level of coordina-
tion, the more quickly technical elements are learned, the
more varied they are, and the smaller the costs of effort
during the climb. Grip strength reflects the ability to per-
form technically associated actions; that is, it is possible to
maintain a body position or change grips. A low level of
grip strength does not allow technically correct movements
to be effective; however, its gradual increase allows for an
increase in the functional opportunities of the athlete and
makes the execution of technical movements more relia-
ble. Endurance acts as a factor that provides the stability of
technical actions over time. A high level of endurance al-
lows for the maintenance of movement accuracy during the
exercise, prevents the occurrence of fatigue in an advanced
manner and ensures that the required level of coordination
and strength is maintained. All these relationships are in-
terdependent, which means that, for example, the improve-
ment of one component of physical fitness indirectly affects
the development of other preparation components and the
effectiveness of the technique. In particular, coordination
allows the most efficient use of strength in the movements
of climbing, while the development of endurance ensures
the stability of the coordination of the actions of the climb-
er for a long period of loading. Coordination plays a key
role in the formation of the structure of the initial training
of athletes, as they determine the speed and quality of mas-
tering technical elements. A well-developed level of coor-
dination ensures an accurate movement, effective balance
and the correct use of physical effort during a climb. At the
same time, grip strength and endurance form a functional
basis of the stability of technical performance in the pro-
cess of training. It has been established that the combined
development of coordination abilities, grip strength and

endurance provides effective formation of sports mastery
in novice athletes.

At the first stage of preparation for sport climbing, it is
necessary to use training means and techniques, which will
contribute to the steady and gradual improvement of the
basic physical qualities of the athlete, and the development
of coordination abilities and skills. The main task at this
stage is to form an adaptation of the body of an athlete to
specific loads, to develop proper movement technique and
provide conditions for safe work during training. In order
to improve grip strength in sport climbing, exercises can
be used, such as hanging on a large hold with a short-term
fixing of the position and movement at low height hand
grip exercises with an average level of resistance for finger
fixation. It is necessary to do with small volumes and long
rests, as it is important to avoid overworking the hands
and fingers at the beginning. The volume can be increased
by adding duration to the exercise, adding more reps, and
then adding the more challenging kinds of holds. How-
ever, novice athletes should avoid campus board training,
small holds, and exercises with added weight, as this puts
athletes at a higher risk of ligament and tendon injuries.
Coordination abilities can be improved as a result of ex-
ercises to maintain balance, tasks on orientation in the
space, and exercises to synchronise movement. It is benefi-
cial to use coordination ladders, perform balance exercises
on unstable supports, climb routes without technical dif-
ficulty, while focusing on accurately placing the feet, and
train with a steady movement tempo. At the initial stage, it
is recommended to use simple routes and exercises with-
out psychological stress in order to prevent height phobia
and loss of control over the technique. Complexity can be
raised by changing the features of the wall, adding more
coordination elements, or doing exercises in non-stand-
ard positions. Endurance can be achieved by working at
an average intensity, without reaching a state of marked
exhaustion, for a long time. Methods could be extended to
include climbing on easy routes, sets of traverses, running
exercises, jump roping, and individual exercises of cir-
cuit-style training. It is suggested that novice athletes use
an interval approach, performing exercises for short time
periods and then resting for an adequate period of time.
The workload can be gradually increased by extending the
duration of exercises, increasing the number of reps, and
reducing the rest between exercises. The workloads that
are used at this age should not be too large and lead to
complete fatigue due to the low level of physiological ad-
aptation in young athletes.

Technical exercises for beginners include fixing the
feet, transferring the centre of gravity, and maintaining the
position of the body. These exercises help to master and
improve their technique and at the same time economise
energy. It would be good to start with learning movements
gradually, having the teacher explain and show them, and
doing these exercises at an easier level, increasing the level
gradually until they move to the most difficult elements.
Special attention should be given to learning the correct
technique of movement along the track as the athlete first
gains fundamental motor skills. The principle of individu-
alisation of training and the safety of the training process
are of primary importance for novice athletes in terms of
learning climbing in general. Before starting the exercises,
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it is recommended to do a full warm-up, and special em-
phasis should be put on the wrists, shoulders, and trunk.
Training sessions should be organised on easy routes us-
ing reliable belay systems and certified equipment. In the
first stages of training, the athlete is not recommended to
perform movements of an intense nature, with high loads
or a long static loading of one hand, in order to avoid over-
loads of the musculoskeletal system.

Discussion

The results of this study showed that the training of sports
climbing is complex and is based on the interaction of
physical and technical qualities. This is consistent with
the results of S. Faggian et al. (2025), where they revealed
the multifactorial nature of the sporting activity, focusing
attention on the physical and technical components that
make up the complex. It was further demonstrated in the
study that a successful training process is formed due to the
holistic interaction of the qualities and not by a separate,
isolated study. This can be explained by the interrelated
and interdependent impact of the strength, coordination,
and endurance on the formation of technical perfection. It
helps to make the performance of movements more ration-
al and economical. This study has also shown that coordi-
nation abilities have a priority influence, which is consist-
ent with the data of A. Kurniawan et al. (2026), where it is
noted that balance and coordination are the basic abilities
for effective climbing performance. The priority of the de-
velopment of coordination abilities allows an improvement
in movement accuracy, an increase in stability of the body,
and an overall impact in terms of improving the quality of
execution of motor actions. Coordination abilities are an
important component of the process of mastering and for-
mation of motor skills, which is consistent with the study
of H. Zhang et al. (2026), where it was demonstrated that
movement accuracy and control of the position of the body
are key factors of the kinematics of performing a move-
ment for climbing performance. Similarly, the study found
that a high level of coordination contributes to adapting
to different conditions of the route and saving energy. An
important component of the preparation of novice athletes
is the strength of grip, because holding the grip helps to
maintain positions and perform transitions. This is in line
with the results of K. Langer et al. (2023), who showed
that the specific strength affects climbing performance.
At the same time, the results of the current study showed
that the development of strength should be done gradu-
ally, considering the age and functional characteristics of
the athlete, as in the study of Z. Kozina et al. (2020), where
they emphasised the importance of gradual progression of
the physical qualities. The study specifies that staging the
training process involves not only a gradual accumulation
of loads but also changes in the conditions of performing
exercises and a certain control over muscle tension, which
makes it possible to avoid overloading the musculoskeletal
system. In addition, authors stressed that the combination
of different means within one system allows for a higher
degree of sporting performance, which coincides with the
data obtained in the present study.

Endurance in climbing has a complex character and
includes both general and special components, which cor-
responds to the conclusions of M. Maciejczyk et al. (2022)

regarding the participation of different energy systems in
maintaining performance during the implementation of
sport-specific exercises. The results obtained in the current
study confirmed that a complex training method is more
effective than individual isolated exercises. The technical
preparation in climbing is an integrative part of a single
motor system that unites different physical qualities, which
is supported by the studies of E Garcia-Heras et al. (2025)
on the importance of properly working with the lower
extremities and a perfect technique of movements in the
climbing process. In addition, the present study revealed
that the efficient work of the lower extremities reduced
the load on the upper limbs and improved the economy of
movements, which is especially important at the beginning
of the preparation process. It is this factor that determines
the more efficient mastering of motor skills and the stabil-
ity of the movement performance. The results of this study
showed that different training conditions contribute to the
improvement of adaptability of athletes, which is consistent
with the conclusions of M. Turchetto et al. (2025) on the
impact of experience, training frequency and psychological
factors on the development of competence in the sport of
climbing. The article also specifies that changes in the tem-
po, the position of support, and the execution of different
elements in movement allow for improving the variability
of motor activity and the ability to act in accordance with
the changing conditions. As a result, this contributes to the
development of stable motor skills and increases perfor-
mance in the conditions of different routes. The importance
of an individual approach to training was also noted in the
current study, which corresponds to these conclusions. In
addition, the study has shown that the appropriate dosing
of loads is an important condition for effective training and
prevention of injuries, which is confirmed by the conclu-
sions of A. Obcowska et al. (2025) pointed out the risk of
injury in climbing and the need to control training loads.
The current study has also noted the need for a gradual in-
crease in loads during training, which allows a safe training
process and promotes the development of athletes. In ad-
dition, the presented study shows that coordination abili-
ties perform a system-forming function in novice athlete
preparation structure, which also matches the results of
K. Nema et al. (2025), who reported a connection between
levels of physical condition and performance of young ath-
letes. This study additionally explains that the coordination
component is an important factor in the effectiveness of
other physical qualities. Prioritised development of coordi-
nation abilities leads to more rational formation of techni-
cal movements and reduced unnecessary energy costs. This
also creates prerequisites for more effective development
of grip strength and endurance because their realisation is
also based on previously formed coordination abilities.
The results additionally indicate that at the initial stage,
technical preparation should be implemented based on ra-
tional use of biomechanical movement principles, which
also corresponds to the conclusions of S. Dech & R. Kit-
tel (2026), who systematised the biomechanical bases of
climbing technique and noted the need to create an effec-
tive distribution of loads along body segments. Also, this
study shows that forming a rational body position and its
sequence contributes to economising the activity, which
also corresponds to the authors’ opinion about optimising
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the kinematic parameters of movements. The use of climb-
ing as a universal means of training results in the compre-
hensive development of physical qualities and techniques,
which also corresponds with the conclusions of W. Deng &
D. Ding (2023), who reported the results that climbing is
an effective means of physical training for athletes of var-
ious disciplines. Training in sport climbing at the stage of
initial training contributes to the simultaneous formation
of key motor abilities of the body and the improvement of
its functional capabilities. The study also points out that
this approach increases the efficiency of forming technical
movements through the combined integration of motor
and physical components of activity. The results also indi-
cate that the step-by-step increase in the level of complexity
of training tasks is a prerequisite for the formation of tech-
nical mastery, which also corresponds to the conclusions
of A. Blay et al. (2025), who noted the need to improve
techniques as a result of progressive changes in the com-
plexity of technical movements. This provides the stability
and accuracy of movements in climbing practice. It is also
important to unite the separate components of the training
system as a whole into a unified framework that allows for a
more efficient training process, which corresponds with the
conclusions of G. Levernier & G. Laffaye (2021), who noted
that for a more comprehensive study and development of
the athletes’ level of preparedness, it is necessary to imple-
ment a combined approach of training and testing. Such an
approach is especially important at the initial stage of train-
ing, when the foundations for future athletic development
are being laid. Therefore, the present study’s outcomes not
only validate the mentioned scientific approaches but also
expand upon them, specifically concerning the early phases
of sport climbing training, with a focus on movement bio-
mechanics, the combined nature of training outcomes and
stages of the technical preparation.

Conclusions

The results of the theoretical analysis show that the prepa-
ration of novice athletes for sport climbing consists of the
joint development of physical qualities and techniques. The
major blocks in its structure are the development of grip
strength, coordination abilities, endurance and formation
of basic technical skills. Grip strength is one of the main
components, as it ensures support of the athlete’s body in
the ascent and the performance of motor skills with a stat-
ic and dynamic muscle effort. Coordination abilities are
a system-forming component; they determine the quali-
ty of movement technique, effectiveness and safety of the
process of training. Their development establishes the
foundation for efficient movement and reduced energy
expenditure. Endurance is regarded as a complex quality
that combines general and specific qualities through the
progressive growth of physical activity. Technique prepa-
ration consists of the complex use of the physical qualities
in the system of movements, and the acquisition of basic
elements of climbing in a dynamic, progressive manner.
The mentioned components are connected and interwoven
with each other and provide mutual support. Their focused
development lays the groundwork for the further improve-
ment of sporting achievements.

Development of training components at the first stag-
es of sport climbing training is implemented through the

systematic use of special methods that ensure the com-
bined development of grip strength, coordination ability,
endurance, and technique. The effectiveness of training
at the first stages is ensured through the integrated use
of exercises, their connection with each other, and a cer-
tain logic of training content. The characteristics of the
above-mentioned methods are their variability, progres-
sive training tasks and adaptation to the individual char-
acteristics of athletes. Grip strength is developed through
exercises in hanging and static holding, in which variation
of exercise conditions is used, thus strengthening the mus-
cles of the athlete and developing coordination abilities.
Basic training method to develop the technical skills and
physical qualities is climbing along routes of low difficulty.
Variation in execution conditions contributes to the de-
velopment of movement accuracy and adaptive capacity.
Methods to develop balance and coordination are per-
formed to improve equilibrium and orientation in space,
and efficient movement.

Based on the results of the theoretical analysis, a struc-
tural and logical model of the initial stages of preparation
for sport climbing was developed, which shows the in-
terconnection of the main blocks of preparation. On the
theoretical basis of a systemic approach, the unity of tech-
nical and physical preparation is assumed, where physical
qualities are the foundation, and technique training is the
connecting element. In this model, the priority is given
to coordination, which ensures the effective technique of
movement and adaptation to the conditions of climbing.
It is considered that the development of coordination is
the most important condition for effective grip strength
and endurance training, as well as technical preparation.
The model is based on the principles of progression and
variability, which provide for a step-by-step change of the
tasks and adaptation of the load to the characteristics of
athletes. A key condition of the formation of motor actions
is the sequential process from simple techniques to com-
plex ones. The proposed model includes the training tasks,
physical qualities, types of exercises, motor techniques and
load management. All the elements of the structure, in one
way or another, play a special role and are oriented towards
the achievement of the initial level of training readiness.
The interrelationship of structural and logical model com-
ponents creates an integrated process. Implementation of
the model leads to the effective training of the necessary
motor skills and basic physical qualities, and provides for
a lack of overload in training. It has been established that a
close functional relationship exists between physical quali-
ties and technical preparation in novice athletes. In the fu-
ture, there is a perspective to study the effectiveness of the
proposed model in the course of the experimental study,
to improve the methodology of training coordination, grip
strength and endurance of novice athletes.
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AHoTauif. Merta [OCIKEeHHs IOJAraja B TEOPETUYHOMY OOIPYHTyBaHHI ocobmmBocTelt (i3mdHOI Ta TEXHIYHOI
MiITOTOBKM CIIOPTCMEHIB Ha IIOYaTKOBOMY €Talli TPeHYBa/IbHOTO IIPOLIeCY Y CIIOPTUBHOMY CKeflenasinHi. JJocmimpKenna
BMKOHAHO B MéXaX T€OPETUKO-METOAUYHOTIO IiIXO/ly i3 3aCTOCYBaHHAM TEOPETUYHOIO aHa/i3y HaAyKOBMUX PKEpeN Ta
JIOTiKO-CTPYKTYPHOTO MOJIeTTIIOBaHHA. Pe3ynbTaTu HoCifi>KeHHA 3acBiumIN, 0 MiATOTOBKA CTIOPTCMEHiB-TIOYaTKiBIIiB
Mae KOMIUIEKCHUII XapakTep i 6asyerbcs Ha inTerpanii GpisMaHMX AKOCTel Ta TEXHIYHMX YMiHb, Cepef AKMX BU3HAYaIbHUMMU
[I0CTA€ CUJIA XBaTa, KOOPAVHALIHI 3i0HOCTI Ta BUTpUBaIicTh. BcTaHOB/IEHO, 110 cula XBaTa 3abe3neyye MOXKIUBICTD
YTPMMAaHHA MONTOKeHD i BUKOHAHHA ITepeXofliB, a 1l po3BUTOK MMOTpebye MOCTYIOBOCTI Ta BpaxXyBaHHs iHAMBiAyanbHNX
MO>XX/IMBOCTel CIOPTCMeHiB. BusHaueHo, 1[0 KOOpAMHALIHI 3iOHOCTI BUKOHYIOTh CHCTEMOYTBOPIOIOUY (YHKIIiIO,
OCKi/IBKM caMe BOHM 3abe3ledyloTh e(eKTHMBHICTb 3aCBOEHHS TEXHIUYHNX €/TeMEHTIB, TOYHICTh PYyXiB i ajamTariiio
IO YMOB Tpacu. Y3araJbHeHHs HAyKOBMX JDKepesl JO3BOMMIO BU3HAUMTH eeKTVUBHI 3aco0uM IifrOTOBKY, 30KpeMa
BIIPaBY Ha BMCAaX 1 yTpUMMaHHAX, Ja3iHHA IO MPOCTUX Tpacax, OaJaHCYBaJbHI Ta KOOPAMHALINHI BIpaBy, a TaKOX
TpUBaJI i1 iHTepBa/JbHi HaBaHTaXXEHH: aJalTUBHOIO Xapakrepy. OOIpyHTOBaHO, O eeKTUBHICTb IiITOTOBKM Ma€e
3a0esIedyBaTuCs IHTErpOBAHNM BUKOPUCTAHHSIM 3a3HAa4eHIX 3aC00iB, BAPIaTMBHICTIO yMOB BUKOHAHHS Ta HOCTYIIOBUM
YCKJIaZHEHHSAM PYXOBUX 3aBfjaHb. Po3po6jeHa CTPYKTYPHO-JIOTiYHAa MOfenb BifoOpasmaa B3a€MO3BA30K MDK
GbisMUHNMH SIKOCTSMM Ta TEXHIYHOI HMiATOTOBKOO, BI3HAYN/IA IPIOPUTETHICTD PO3BUTKY KOOPAMHALIMHUX 3416HOCTEI!
i mepenbavyanma moertanmHe QopMyBaHHA PYXOBUX Aiil. BcrTaHOBNeHO, o pallioHa/bHE JO3yBaHHA HaBaHTaKEHHS
crpuATuMe 6e3IeYHOMY PO3BUTKY CHOPTCMEHIB i 3armobiranHIo epeBaHTaXeHH:. [IpakTiyHe 3HAYeHHS TOCTII>KEHHA
TONIATAE Y MOXKIMBOCTI 3aCTOCYBaHHSA JIOTO PE3Y/NbTaTiB TPEHEPaMM 3i CIOPTUBHOTO CKeJlela3iHHA, BUKIafiadaMu
¢isnuHOI KynpTypu Ta (axiBIAMM IUTAYO-IOHAIBKNMX CIOPTUBHMX WK A4 ONTUMi3anil TpeHyBa/JIbHOTO IIPOLeCy Ta
3a0esredeHHs 0e3IMeYHOT0 PO3BUTKY PI3UUHNX | TEXHIYHMX SKOCTEN
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Abstract. The aim of the study was to identify the characteristic features of the organisation of training for ski
mountaineering athletes, based on trends in its development in the context of its attainment of Olympic status. The research
methodology was based on the use of historical-logical, analytical-synthetic, structural-functional and generalising-
comparative methods, which ensured a comprehensive analysis of the evolution of ski mountaineering, current trends
in its development and the specifics of training athletes in mountain conditions. It was found that ski mountaineering
has evolved from a practical means of movement in mountainous conditions into a structured international sport
combining mountaineering techniques, ski training and high demands on physical endurance. Its institutionalisation
through international federations, the standardisation of competitions and its inclusion in the Olympic programme
reflect the transition to a modern, high-tech discipline integrated into the global sporting system. It was noted that
the contemporary development of ski mountaineering is characterised by a rapid rise in popularity, a shift towards
short, highly dynamic competition formats, and a significant increase in the intensity of physical exertion. At the same
time, equipment is becoming more technologically advanced and the training process is intensifying, which, together
with its inclusion in the Olympic programme, is transforming the sport into a media-friendly and highly specialised
discipline. Its inclusion in the Olympic programme and the reduction in the duration of competition formats by 90-
95% reflect its transformation into a high-speed and technology-oriented discipline with an emphasis on media appeal
and efliciency. It was found that the training system combines endurance, strength, coordination and technical skills,
ensuring the comprehensive adaptation of athletes to challenging mountain conditions and variable loads. The practical
significance of this work lies in the possibility of using the results obtained to improve the training system for athletes
in ski mountaineering and other mountain endurance sports, thereby enhancing their physical performance, technical
efficiency and adaptation to challenging environmental conditions

Keywords: aerobic endurance; mountain conditions; biomechanics of movement; physiological stress; training

Introduction

Ski mountaineering, as a new discipline in the Olympic pro-
gramme, is attracting increasing attention due to its combi-
nation of high physical demands, technical skill and specific
requirements for athletes” functional readiness. The inclu-
sion of this discipline in the Olympic Games programme
has heightened interest in studying trends in its develop-
ment, training systems and factors influencing performance
outcomes. Studying the specifics of training for ski moun-
taineering helps to improve the training process, enhance
athletes’ competitiveness and broaden scientific under-
standing of the development of new Olympic disciplines.

The growing scientific interest in ski mountaineering is
linked to its inclusion in the Olympic programme and the

need for a deeper understanding of the factors influencing
sporting performance. V.R. Schofll et al. (2023) conducted
a narrative review of the scientific literature on ski moun-
taineering as a new Olympic discipline. The authors sum-
marised data from regarding physiological loads, typical
injuries and the specifics of athletes’ competitive activities.
Increasing demands on sporting performance are driving
a focus on the technical aspects of training. L. Bortolan et
al. (2023) analysed the development of ski mountaineer-
ing equipment. The researchers described changes in the
design of skis, bindings and boots that help to reduce the
weight of the equipment and improve movement efficien-
cy. Performance in winter disciplines also depends on the
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gliding properties of the equipment and its interaction with
the snow surface. A. Almqvist et al. (2025) examined the
influence of friction on performance in Winter Olympic
sports. Optimising surfaces and selecting materials can im-
prove athletes’ speed and efficiency.

The development of skiing has been accompanied by
an expansion of the scientific base, which lays the ground-
work for new research in ski mountaineering. W. Hou et
al. (2024) conducted a bibliometric analysis of global re-
search on skiing from 1974 to 2023. They identified an
increase in the number of publications, key thematic ar-
eas and a rise in interdisciplinary approaches. The spread
of ski mountaineering is linked not only to high-perfor-
mance sport but also to changes in recreational culture.
M. Nevicato et al. (2025) investigated the transformation
of ski touring at the turn of the 20" and 21 centuries.
The researchers demonstrated that this activity is be-
coming multifunctional, combining sporting, tourist and
health-related motivations for participation. The expan-
sion of winter activities is also influencing the tourism
sector in mountain regions. A. Bortolotti et al. (2024)
examined sport as a practice of well-being through the
integration of sport, wellness and health. It is noted that
sporting events and mountain disciplines contribute to
the diversification of tourism services and regional de-
velopment. The training of athletes also depends on the
broader socio-economic conditions governing the rec-
reational sector. D.S. Kan (2024) analysed the historical
conditions of the formation of Ukraine’s tourism and rec-
reation sector and its development in the era of sustaina-
ble multimodal mobility. The author outlined the factors
of infrastructure modernisation that may influence the
accessibility of mountain activities and sporting practic-
es. The historical preconditions for the development of
recreation in Ukraine are highlighted in collective stud-
ies. V. Tsypko et al. (2024) investigated the formation of
Ukraine’s tourism and recreation sector and the directions
of its further development, emphasising the role of trans-
port mobility, investment and regional potential for active
tourism. The spread of ski culture is increasingly linked
to digital communications and the media environment.
C. Zhao & H. Shen (2024) investigated the moderating
effect of ski influencers on intentions to participate in ski
tourism. It was found that the influence of online opinion
leaders enhances interest in winter activities and fosters
motivation to participate.

Despite the aspects highlighted by the aforementioned
authors, the gaps included a lack of attention to athletes’
long-term adaptive mechanisms in variable mountain con-
ditions and their impact on the consistency of results. Fur-
thermore, the integration of psychological preparation with
the physiological and technical components of the training
process is only briefly addressed. Additionally, the system
for comprehensively assessing the effectiveness of training
in high-altitude conditions, taking into account the specific
nature of competitive ski mountaineering, requires further
in-depth study. The aim of the study was to identify the
characteristics of training for ski mountaineering athletes,
taking into account current trends in the development of
this sport and its inclusion in the Olympic programme. The
objectives of the study were to identify the key stages in the
development of ski mountaineering, assess current trends

in its development, and determine the specific nature of
training for athletes in mountain conditions.

Materials and Methods

The research methodology was based on the use of four
interrelated theoretical methods, namely the histori-
cal-logical, analytical-synthetic, structural-functional and
generalising-comparative approaches, which enabled a
comprehensive analysis of the historical development of ski
mountaineering as an Olympic discipline, current trends in
its development and the specific nature of athlete training.
In the first stage, a historical-logical method was employed,
which made it possible to trace the evolution of ski moun-
taineering from a practical means of locomotion in moun-
tainous terrain to an officially recognised sporting disci-
pline. Within the framework of this method, an analysis
was carried out of the process of its inclusion in the interna-
tional sporting calendar and, in particular, in the Olympic
programme. This made it possible to identify the key stages
in the institutionalisation of the sport, the factors that influ-
enced its Olympic recognition, and the role of international
sports federations in standardising competition rules. The
source base consisted of regulatory materials from the In-
ternational Ski Mountaineering Federation (2026) and the
Encyclopaedia Britannica (n.d.). Information resources
from Dynafit (2025) and Tribuna (n.d.), which covered the
development and current state of ski mountaineering, were
also examined. Additionally, the international regulations
of the ISMF World Cup (International Ski Mountaineer-
ing Federation, 2023) and analytical materials from the
International Testing Agency (n.d.) were examined, which
pertain to the organisational and regulatory aspects of the
sports development in the context of its Olympic integra-
tion. Statistical data was collected through a systematic
review of the aforementioned open international sources.
The data obtained was structured according to key indica-
tors of the development of ski mountaineering, including
competitive activity, regional participation and the charac-
teristics of training processes.

In the second stage, an analytical-synthetic method
was applied, which was used to identify the main trends
in the development of ski mountaineering based on an
analysis of international academic sources and industry re-
ports, in particular the works of L. Bortolan et al. (2021)
and M. Tarabini et al. (2026), which reflect changes in the
competitive structure, physiological loads and regional or-
ganisation of the global ski industry, specifically in regions
such as Europe, North America, the Asia-Pacific region,
South America, the Middle East and Africa.

In the third stage, a structural-functional approach was
applied, which made it possible to view ski mountaineering
as a holistic system of interrelated components of sport-
ing activity and to incorporate the main types of training
methods. The study analysed the structure of training in
ski mountaineering as a system of interrelated physical,
functional and technical-coordination components, in-
cluding aerobic endurance, strength training, high-in-
tensity interval training and specific skills for transitional
movements. A separate stage was devoted to the analysis of
sports equipment, within which the technical parameters
of the gear were assessed in terms of their impact on move-
ment efficiency, safety and competitive performance. The
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theoretical framework was based on data from the In-
ternational Ski Mountaineering Federation (2026) and a
synthesis of methodological approaches from Peak Expe-
rience (n.d.), reflecting current requirements for physio-
logical training, energy supply and technical efficiency in
mountain endurance sports. In the final stage, a generalis-
ing and comparative method was applied, through which
the requirements for the training of athletes in ski moun-
taineering were presented.

Results
An overview of the evolution
of ski mountaineering from a practical form
of mountain travel to a modern Olympic sport
Ski mountaineering (skimo) is a demanding form of al-
pine skiing that combines elements of mountaineering, ski
touring and cross-country skiing in mountainous terrain.
Its origins lie not in sporting practice, but in the practical
necessity of getting around in the high-altitude regions of
the Alps, the Pyrenees and other mountain ranges in Eu-
rope. In the 19" and early 20" centuries, skis were used as
a means of transport in snow-covered mountains by the
military, rescue teams and the local population. It was this
practical function that laid the foundations for the future
sporting discipline, as the technique of moving on skis in
the mountains gradually began to incorporate elements of
competition between mountaineers and mountain guides.
The evolution of ski mountaineering as a sport began with
the organisation of the first informal competitions in the
mid-20™ century, when time trials involving ascents and
descents along mountain routes began to be held in the
Alps. In the 1970s and 1980s, rules were gradually estab-
lished, routes were standardised, and the first sports clubs
specialising specifically in skimo emerged. A key mile-
stone was the creation of international bodies that began
to coordinate the development of the sport across various
countries, including France, Italy, Switzerland, Austria and
Spain (Tribuna, n.d.).

The International Ski Mountaineering Federation,
which was officially established in 2008, played a signifi-
cant role in the transformation of ski mountaineering. It
was the International Ski Mountaineering Federation that
ensured the standardisation of competition rules, the sys-
tematisation of disciplines (individual races, sprints, relays,
team races), and the integration of the sport into the inter-
national calendar (International Testing Agency, n.d.). For
example, world championships and World Cup stages have
become regular events, which has contributed to raising the
level of professionalism among athletes and coaches. Ski

mountaineering differs from its historical precursors and
military-practical mountain movement, which combined
ascents and descents on skis without clear sporting regu-
lations. Whereas in the early days of ski mountaineering
the main objective was to overcome natural obstacles in
the mountains, by 2025-2026 it will be a highly structured
sport with regulated distances, standardised equipment
and a dedicated sporting infrastructure. Competitions
involve alternating between ascents on skis using special
bindings, carrying skis over difficult sections, and techni-
cal descents at high speed. This creates a physical exertion
profile that combines endurance, speed and strength, and
technical skill.

A distinctive feature of the development of ski moun-
taineering is its rapid integration into the Olympic sports
programme. Following many years of development at the
level of international federations, in 2021 the Internation-
al Olympic Committee decided to include ski mountain-
eering in the programme of the 2026 Winter Olympic
Games in Milan-Cortina (International Olympic Commit-
tee, 2021). This marked a stage in the sport’s institution-
alisation, as it moved from the category of extreme and
niche disciplines to official Olympic status. The Olympic
programme includes the short and dynamic disciplines
of sprint and mixed relay, reflecting the general trend in
modern sport towards shortening the duration of compe-
titions and increasing their spectacle value. An example
of the level of development in ski mountaineering is the
ISMF World Cup stages, where athletes tackle routes with
an elevation gain of up to 1,500 metres, demonstrating an
average ascent speed of over 1,500 vertical metres per hour.
Such figures indicate extremely high demands on athletes’
functional fitness, particularly regarding maximum oxygen
uptake (VO, max), the efficiency of aerobic energy supply,
and the ability to perform under hypoxic conditions (Dy-
nafit, 2025).

Another aspect of this evolution is the increasing use
of technology in equipment. Modern skimo skis are lighter
than those of previous decades (the 1980s to 2000s), which
helps to reduce energy expenditure during ascents. Carbon
materials, lightweight boots and adaptive bindings are also
widely used, enhancing movement efficiency. This demon-
strates the sport’s transition to a high-tech level, where re-
sults depend not only on physical fitness but also on inno-
vations in sports equipment. Table 1 shows the evolution of
ski mountaineering from practical mountain travel to an
internationally recognised sporting discipline, which has
gone through the stages of establishing competitions and
inclusion in the Olympic programme.

Table 1. The evolution of ski mountaineering from practical mountain travel to an Olympic discipline

Period / Stage Characteristics of development

Key features

Ancient practices Use of skis as a means of transport

Practical function: transport, hunting, military needs;

(before the 19'" century) in mountainous and snow-covered regions absence of a sporting element
19 — early 20" The development of downhill skiing Combining ascents and descents in the mountains;
centuries and mountaineering techniques in Europe first expeditions and sporting attempts to conquer routes

1910s-1950s

Military and expeditionary use of skis in the mountains

Active use in military units; development of techniques
for moving in difficult conditions

1960s-1980s The emergence of the first informal competitions

The emergence of mountain races; the development of backcountry skiing
and ski touring as precursors to the sport
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Table 1, Continued

Period / Stage Characteristics of development Key features
e Establishment of international organisations (ISMC, later ISMF);
1990s-2007 Institutionalisation of the sport the first official world championships; standardisation of rules
2008-2015 Establishment of the international sporting system Regular World Cups; expansmn of dlsmpln?es [s'prlr?t, individual races,
relays); increased professionalisation
Recognition by the 10C and inclusion in the Youth Official recognition by the International Olympic Committee;
2016-2020 . ) L .
Olympic Games inclusion in the Youth Olympic Games
. . Inclusion in the programme of the 2026 Winter Olympic Games
2021-2026 Olympic integration (Milan-Cortina); debut in the sprint and mixed relay formats

Note: IOC - International Olympic Committee; ISMC - International Ski Mountaineering Committee; ISMF - International Ski

Mountaineering Federation

Source: compiled by the author based on research from Encyclopaedia Britannica (n.d.)

In practice, the evolution of ski mountaineering has
been marked by a shift from the utilitarian use of skis in
mountainous and military contexts to an organised sport-
ing activity with clear rules and standardised routes. Ini-
tially, skiing in high-altitude regions served the purposes
of transport, hunting and supporting military operations
in challenging terrain. Subsequently, informal mountain
races emerged, in which the key criterion was the speed
of ascending and descending slopes in natural conditions.
As the sport developed further, international competi-
tions were established, and specialised equipment, train-
ing systems and methods emerged, aimed at developing
endurance, speed and strength, and technical skill. In its
modern form, ski mountaineering functions as a highly dy-
namic sport that combines intense physical exertion with
challenging mountain routes and requires comprehensive
physical and tactical preparation of athletes. Ski mountain-
eering has undergone a complex evolution, transforming
from a practical means of getting around in the mountains
into an internationally recognised sporting discipline and
an Olympic sport. Its development has been characterised
by gradual institutionalisation, the standardisation of rules,
the growth of sporting competition, and integration into
the global Olympic system. This allows ski mountaineering
to be regarded as one of the most dynamic winter sports,
combining the traditions of mountain culture with the high
demands of professional sport.

Trends in the contemporary development

of ski mountaineering

The development of ski mountaineering (skimo) is char-
acterised by a range of interrelated trends, encompassing
social and promotional, competitive and organisational,
physiological and technological aspects. Overall, between
2000 and 2025, the sport has seen a steady increase in pop-
ularity of approximately 60-80% globally, linked to its tran-
sition from a niche mountaineering practice to an organ-
ised international sporting discipline and its inclusion in
the programme of the 2026 Olympic Games (Encyclopae-
dia Britannica, n.d.). This has increased media attention,
commercialisation and the involvement of new countries,
particularly outside the traditional Alpine regions.

One of the key trends in the development of ski moun-
taineering is a significant shift in the structure of com-
petitive demands, characterised by shorter distances and
increased intensity. Whereas classic disciplines involved
individual races lasting 60-180 minutes with significant el-
evation gains of up to 2,000-2,400 m, the modern Olympic

format is predominantly focused on the sprint (=3 min-
utes) and the mixed relay (=7 minutes per participant)
(Tarabini et al., 2026), which generally means a reduction
in the duration of the competitive workload by approxi-
mately 90-95%. At the same time, this transformation does
not imply a reduction in endurance requirements, as com-
petitions take place in a format of repeated explosive efforts
with short recovery phases, significant elevation changes
and high intensity density throughout the entire competi-
tion day or series of races. This is precisely why training
must continue to focus on developing both a strong aerobic
base and the ability to maintain intensity under conditions
of accumulated fatigue.

Another trend is the increasing use of technology
in sports equipment. The weight of a complete set (skis,
boots, bindings) has been reduced by an average of 20-
30%, which has had a direct impact on climbing speed, as
it has been proven that every kilogram of weight reduc-
tion in equipment increases climbing efficiency by 2-4%.
Modern sprint skis are around 150-160 cm long, made
from carbon composites and optimised for rapid changes
in skiing style. “Skins” (anti-slip pads) have also been sig-
nificantly improved, increasing the grip coefficient to 85-
90% without losing gliding speed. Technological progress
also extends to binding and boot systems: modern models
allow the transition time between movement modes to be
reduced to 3-5 seconds, which is critical in sprint races. In
addition, digital analysis systems, GPS tracking (Global
Positioning System tracking) and power sensors are being
actively introduced, allowing for real-time monitoring of
load and improving the efficiency of the training process
(Bortolan et al., 2021).

The level of development of ski mountaineering and
the related ski industry varies from country to country,
due to historical traditions, natural and geographical con-
ditions, levels of investment, infrastructure and state sup-
port for sport. Consequently, this results in varying rates of
growth and differing levels of technological and sporting
“maturity” across countries. Countries in the Alpine region
(France, Italy, Switzerland, Austria) have the highest level
of development and the most stable rates of progress, which
is explained by the historical foundation of mountain
sports and the established infrastructure. Table 2 reflects
the regional structure of the global ski industry, demon-
strating the dominance of Europe and North America, with
a gradual increase in the share of the Asia-Pacific region
and a smaller presence of other regions of the world (South
America, the Middle East and Africa).
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Table 2. Regional characteristics of the development of ski mountaineering

Region Characteristics of development (with specific features)
Europe is the heart of ski mountaineering: every year, over 60-70% of the ISMF World Cup and Continental Cup stages are held here.
Europe National teams operate in France, Italy, Switzerland, Spain and Austria, which regularly take part in the ISMF World Championships.

The region has an extensive network of specialist skimo clubs and high-altitude training bases in the Alps. It is here that the bulk of the
Olympic qualification process for Milano-Cortina 2026 takes place.

North America

The region is represented by the United States and Canada, where national federations and national teams operate and regularly take part
in ISMF World Championships and World Cup events (accounting for approximately 10-15% of starts). Skimo clubs are active
(for example, in Colorado and British Columbia), and training programmes are integrated with mountaineering and alpine skiing programmes.
There are well-established commercial skimo events and competition series.

Development is concentrated in Japan, China and South Korea, where national skimo teams have been established to participate

Asia-Pacific | inISMF events and qualify for the 2026 Olympic Games. In Japan (Hokkaido), there are specialised clubs and university training programmes.
region China is actively investing in the development of mountain training centres following the 2022 Winter Olympics.
The proportion of international events is gradually increasing (5-10%).
The sport is concentrated in Chile and Argentina, where there are local ski mountaineering clubs and national federation teams that regularly
South America | compete in the ISMF Continental Cup (typically 2-5 international events per season). The main centres are in the Andes (Bariloche, La Parva).
Training facilities are seasonal and dependent on weather conditions.
. The region is in the early stages of development: participation in ISMF competitions is sporadic or represented by individual athletes without
The Middle . A . -
East and Africa fully-fledged national teams. In the UAE, Turkey and Morocco, the first initiatives for skimo clubs and training programmes

based at artificial ski resorts are taking shape. There is no systematic participation in the Olympic qualification cycle.

Source: compiled by the author based on research by the International Ski Mountaineering Federation (2023)

The analysis carried out has shown that the develop-
ment of ski mountaineering is characterised by region-
al differences, which are determined by varying levels of
infrastructure provision, financial resources, climatic and
geographical conditions, and the degree to which this sport
is integrated into the national sports policy framework. The
main difference between regional trends lies in the stage of
development and the functional role of ski mountaineer-
ing: ranging from a highly developed and institutionalised
sports system in some regions to the initial formation and
experimental implementation in others. This indicates the
uneven global development of the sport and determines
different strategic approaches to its further popularisation,
professionalisation and integration into the international
Olympic movement.

A systematic approach to training in ski mountaineering
Ski mountaineering is regarded as a holistic system of in-
terrelated components of sporting activity, as success in
this discipline is determined not by individual physical
attributes, but by the integration of endurance, strength,
technique, coordination and the ability to function effec-
tively in the changing mountain environment. Within this
system, the training process incorporates complementary
methods, such as prolonged steady-state aerobic exercise
to build basic endurance, interval mountain climbs to de-
velop the anaerobic threshold, back-to-back training to
simulate accumulated fatigue, technical transition exer-
cises to automate transitions between movement phases,
as well as training under conditions of limited recovery to
prepare for real-world mountain situations (Alpenglow Ex-
peditions, n.d.). Their combination ensures not the isolated
development of individual qualities, but the formation of
a comprehensive adaptation of the body to prolonged ex-
ertion, where each element of training influences the ef-
fectiveness of another, creating a unified functional model
of the athlete’s preparedness for the specific demands of
mountain routes.

In ski mountaineering and related mountain endurance
sports, quite specific training methods are used, which are

directly linked to the actual conditions of moving through
the mountains. One of the basic methods is steady-state en-
durance, where the athlete works in a stable aerobic mode
for 60-180 minutes without sudden changes in intensity.
This builds “long-distance endurance”, which allows the
athlete to maintain a consistent pace during ascents lasting
several hours. In practice, this might involve a continuous
uphill climb with a rucksack or prolonged cyclic exercise
(running/cycling) in the moderate heart rate zone, simulat-
ing real mountain conditions (Johnston, 2024).

The second most popular method is hill interval train-
ing, which involves alternating short bursts of high-inten-
sity effort with recovery phases. The aim is to develop the
ability to perform under conditions of a sudden increase in
workload, such as when tackling a steep slope or navigating
challenging terrain. In practice, this is achieved through a
series of 3-6-minute climbs at a high pace with a short rest
during the descent or walking (RMI Expeditions, n.d.). This
approach raises the anaerobic threshold and improves tol-
erance to muscle acidification, which is particularly impor-
tant during competitions or fast climbs. The back-to-back
training method is also widely used, which involves two
consecutive days of prolonged exertion. It simulates mul-
ti-day mountain routes, where fatigue builds up gradually
and does not have time to be fully recovered. For example,
the first day might involve 3-4 hours of climbing, whilst the
second consists of a shorter but technically demanding ses-
sion. This builds the ability to perform under conditions of
chronic fatigue and maintain proper technique even when
energy reserves are depleted.

A particular focus is placed on transition training,
which aims to automate changes in specialised equipment
and movement patterns. It involves repeatedly practising
actions involving climbing skins, bindings, skis and a ruck-
sack at the fastest possible pace. For example, an athlete
repeatedly goes through the cycle of “removing boots - se-
curing equipment - starting the descent’, minimising the
transition time. This is critically important in competitive
sport, where every second affects the result. Another mod-
ern method is fatigue training, where technical or strength

Theory and Practice of Physical Culture and Sports, 2026, Vol. 5, No. 1 [ 5] '



Ski mountaineering as a new Olympic sport...

exercises are performed after prolonged exertion (New
South Wales Institute of Sport, 2022). This allows for the
simulation of situations where the athlete is forced to make
decisions and maintain technique whilst already fatigued.
Taken together, all these methods develop not only physi-
cal fitness but also the ability to function effectively in real

mountain conditions, where the workload is unpredictable
and multifaceted. Table 3 summarises the structure of train-
ingin ski mountaineering asasystem of interrelated physical
and technical components, including endurance, strength,
coordination and transitional skills, aimed at developing
the athlete’s overall performance in mountain conditions.

Table 3. The structure of athletic training in ski mountaineering as a system comprising physical,
speed-strength and technical-coordination components

Training component

Type of exercise

Recommended
volume / Frequency

Training methods

Key adaptation

Training objective

Aerobic endurance

Low-moderate intensity

2-4times a week, 60-

Running, cycling, stairs,

Increasing VO,max,

Building basic endurance

(60-80% HRmax) 120 mins long climbs optimising movement for long climbs
. High intensity (85-05% Interval climbs, hill Developmentof | Ability to tackle steep
Intense climbs Once a week . . . | anaerobic threshold and | sections and maintain a
HRmax) running, treadmill uphill .
power variable pace
. . ) Squats, lunges, step- Core stability, lower Improving running
Strength training Strength / functional Twice a week Ups, core training body strength efficiency under load
L Improving speed at the
Speed an_d _strength Explosive strength 1-2 times a week PIyometrn:s, Jumpl_ng Develqpment of start and on difficult
training exercises, short sprints explosive power .
sections
Eccentric strength Strength endurance 1-2 times a week Controlled descents, | Resistance to eccentric Control of muscle
(descents) step-downs, slow lunges loads fatigue during descents
Lifting technique Coordination and 1-3 times a week (during | Moving along the ascent | Economy of movement, | Automation of climbing
a technique the season) track, working with skis rhythm technique
Downhill technique Coordination and 1-2 times a week Descentsin Y;?nous Balance, speed control Improvmg safety and
strength snow conditions efficiency on the slopes

Switching modes, Minimising time loss

Transition skills Speed and coordination 2-3times a week L Speed of transitions between movement
working with bindings
phases
2-5 hours of continuous Psychophysical Simulation of
Long training sessions General endurance Once a week activity (climbing/ yehophy - .
endurance competitive activity

descending)

Back-to-back sessions | Accumulated fatigue | 1cycle every 1-2 weeks

Two consecutive days of
intense training

Preparation for multi-

Training whilst fatigued day races

Optimisation of

Mobility Recovery 10-15 mins after training Stretching joints and Mamtammg range of technique and injury
muscles motion .
prevention
. . - Stability and efficiency
N ) Specific speed and ) . Skis, boots, bindings, ) ) . -,
Working with equipment strength During training rucksack 3-8 kg Adapting to extra weight in competitive

conditions

Source: compiled by the author based on research by Peak Experience (n.d.), International Ski Mountaineering Federation (2026)

The types of training loads listed above reflect a mul-
ti-level training system in ski mountaineering, designed
to develop specialised fitness for high-altitude conditions.
Aerobic endurance provides the basic capacity for pro-
longed moderate-intensity work, interval and strength
training build resilience to high physical exertion and raise
the anaerobic threshold, whilst technical training and tran-
sition skills optimise movement efficiency and reduce time
lost during competitions. Long training sessions simulate
competition conditions, whilst mobility and equipment

handling ensure technical consistency and biomechan-
ical efficiency, together forming an integrated system of
physical, coordination and technical training for the ath-
lete. Table 4 summarises the comparative characteristics
of training for athletes in ski mountaineering and related
mountain endurance sports, revealing its comprehensive
and multi-component nature, which combines physical,
technical and tactical requirements, in contrast to the more
narrowly specialised training models in mountain running
and cycling.

Table 4. Specific features of training in ski mountaineering compared with mountain endurance sports

Comparison criterion Ski mountaineering

Mountain running / Trail running

Mountain cycling

A combination of aerobic endurance with

Primary physical quality speed-strength and coordination components

Predominance of aerobic endurance
and lower-body muscular endurance

Aerobic endurance with an emphasis on
strength endurance of the lower limbs

Gliding cyclic movement using skis
and poles, changing modes of movement
(ascent, descent, transitions)

Biomechanics of
movement

with constant impact load on the

Running movement Cyclic pedalling

with minimal impact load

musculoskeletal system
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Table 4, Continued

Comparison criterion

Ski mountaineering

Mountain running / Trail running

Mountain cycling

Muscle load

Comprehensive engagement of the lower
and upper limbs, high levels of coordination

Predominant load on the lower limbs
with pronounced eccentric work

Predominant load on the lower limbs
(quadriceps, calf muscles)

Technical difficulty

High, related to the use of equipment,
changes in movement patterns

Moderate, related to running technique

Moderate, related to cycling

and locomotion

on challenging terrain in mountainous conditions

High, including assessment of snow

Tactical requirements " .
q conditions, route selection and pace

Moderate, related to route selection
and pace

Moderate, related to pacing
and effort management

Significant influence of snow conditions,

Environmental factors .
weather and altitude

Influence of terrain, temperature

and altitude Impact of terrain and road surface

Integration of endurance, technique,

Training considerations equipment handling and coordination skills

Focus on developing endurance

Focus on developing strength endurance

and running technique and pedalling technique

Source: compiled by the author based on research by V. Menz et al. (2021), M. Lasshofer et al. (2023)

The results obtained indicate that the training of ath-
letes in ski mountaineering should be structured as an inte-
grated system of training stimuli, in which the development
of aerobic endurance is combined with the improvement of
technical skills in handling equipment, coordination abil-
ities and speed-strength qualities. A comparative analysis
of training systems for athletes in ski mountaineering and
related endurance sports has revealed a fundamental differ-
ence in the structure of the training process and the logic
behind the development of competitive readiness. It was
established that ski mountaineering is characterised by an
integrated training model, combining aerobic endurance,
speed-strength components, coordination skills and equip-
ment handling technique, whereas in mountain running
and cycling there is a more unidirectional focus on the de-
velopment of individual energy systems. This revealed that
performance in ski mountaineering is determined not only
by the level of endurance, but also by the ability to rapidly
change movement patterns and adapt to complex moun-
tainous terrain.

An analysis of the impact of the International Testing
Agency’s (n.d.) regulatory requirements revealed that the
anti-doping system establishes standardised conditions
for training and competition, influencing the structure of
training loads, medical and biological support, and the
monitoring of athletes’ recovery. It has been established
that compliance with international anti-doping standards
not only ensures the integrity of competitions but also in-
directly influences training methodologies, increasing the
importance of long-term load planning and monitoring
of athletes’ functional status. Furthermore, a comparative
analysis of the role of international federations, in particular
the International Ski Mountaineering Federation (2026),
revealed that the standardisation of courses, the regula-
tion of elevation changes, technical sections and transition
zones, as well as unified judging rules, directly shape the
specifics of the training process. It was established that it
is precisely these regulatory requirements that determine
the structure of competitive activity, influence the design
of training programmes and ensure the comparability of
results at the international level, making the regulatory sys-
tem a key factor in the development of the sport.

Discussion

The inclusion of ski mountaineering in the Olympic pro-
gramme reflects a global trend towards combining sport

with active tourism. This is consistent with the findings of
N. Batyrbekov et al. (2024), in which the authors examined
the development of sports tourism in Kazakhstan and em-
phasised that mountain activities help to promote physical
activity among young people. The study highlights that the
natural environment and adventure sports are becoming an
important tool for fostering a culture of health, which di-
rectly aligns with the concept of ski mountaineering. This
correlates with M. Cheng et al. (2023), where, in particu-
lar, the researchers analysed the coordinated development
of sport and tourism and identified the factors stimulating
economic and social growth in these sectors. New disci-
plines associated with natural locations have high poten-
tial for international promotion and audience engagement,
which aligns with R.V. Ciomag & C. Pop (2024), who ex-
amined the cultural and sporting characteristics of nations
participating in international competitions and demon-
strated their impact on results and sporting representa-
tion. These findings explain why countries with established
mountaineering traditions have better conditions for the
successful development of ski mountaineering. The inte-
gration of ski mountaineering into the Olympic movement
requires an update to approaches to athlete training. This
is confirmed by E. Ellmer et al. (2024), who described cur-
rent megatrends in sport and their impact on the process of
athlete training and the preparation of coaching staff. The
study notes that innovative sports require flexible method-
ologies, individualisation and interdisciplinary knowledge,
which is particularly relevant to ski mountaineering.
Hosting the Olympic Games stimulates the devel-
opment of infrastructure that can be used to promote
ski mountaineering, which is consistent with G. Fossa et
al. (2025). The researchers examined the creation of a
sports and cultural corridor for the Olympics in Valtellina
and demonstrated the importance of combining heritage,
spatial planning and sports facilities. Olympic projects can
leave a long-term legacy for the training and competitive
use of new disciplines. Modern training for ski mountain-
eering athletes is impossible without digital technologies
and effective resource management, as noted in B. Gao et
al. (2025). The digitalisation of the allocation of sports re-
sources in winter sports has been analysed, and its impact
on improving the efficiency of the training process has
been demonstrated. These approaches can be applied to
training planning, the use of trails, and the monitoring of
ski mountaineers’ fitness. Training in ski mountaineering
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places high demands on the functional state of the cardi-
ovascular system and the ability to recover. This was con-
firmed by J.S. Gasior et al. (2024), who investigated heart
rate dynamics and the asymmetry of regulatory processes in
ski mountaineers during stimulation of sympathetic activ-
ity and recovery. The results demonstrated the importance
of monitoring the body’s autonomic responses to optimise
training loads and prevent overexertion. This is consistent
with the findings of Y. Jiang et al. (2023), who established
that observing major events on social media strengthens
the intentions of the younger generation to participate in
sports tourism. This pattern suggests that the Olympic de-
but of ski mountaineering could become a powerful factor
in attracting young people to the sport.

The role of dopamine, as well as genetic and epigenet-
ic factors, in the development of personality and sporting
performance has been analysed, in line with L. Li (2023).
The challenges and avenues for the development of eco-
sports tourism in the post-pandemic period have been ex-
amined, and attention has been drawn to the need for the
balanced use of natural resources. This approach is particu-
larly important for ski mountaineering, as its competitions
and training depend directly on the state of the mountain
environment. This is consistent with the provisions set out
in the work of R. Melo et al. (2023), where nature-orient-
ed sports are viewed as combining physical activity and
interaction with the natural environment. Training for ski
mountaineering athletes is characterised by a high reliance
on the development of aerobic endurance, speed-strength
qualities, and the ability to recover quickly after prolonged
ascents and descents. These observations are consistent
with the findings of E. Tonnessen et al. (2024), who de-
scribed a model of training sessions in endurance sports as
being based on alternating loads of varying intensity and a
significant proportion of specific training on terrain similar
to that of competition.

The technical complexity of ski mountaineering re-
quires constant refinement of skills in traversing slopes
of varying gradients, rapid transitions between modes
of movement, and the use of specialised equipment.
These findings align with the historical analysis by I. Lid-
strom (2025), in which the evolution of skiing in Sweden
was viewed as a process of continuous technological adap-
tation of equipment and movement techniques to natural
conditions. This allows ski mountaineering to be inter-
preted as a continuation of a long-standing line of devel-
opment in skiing disciplines, in which technical progress
is closely linked to the functional needs of athletes. These
observations are consistent with the findings of G. Si et
al. (2025), where an analysis of the psychological support
provided to Olympic teams shows that anxiety regulation,
concentration and resilience to psycho-emotional stress
play an important role in athletes’ performance. The de-
velopment of ski mountaineering as a discipline is closely
linked to the infrastructure of mountain regions. The data
obtained are consistent with the views of R. Leber (2024),
who describes winter sports tourism as a sector that com-
bines economic and environmental aspects of regional
development. This allows ski mountaineering to be in-
terpreted not only as a sporting discipline, but also as a
factor in shaping tourist flows and the development of
mountain regions.

Digitalisation and technological innovation are begin-
ning to influence the training process for athletes in endur-
ance sports. In particular, the use of artificial intelligence
models to analyse training loads and recovery is described
in the work by Z. Miao & G. Ge (2023), which notes a
trend towards the introduction of digital systems for mon-
itoring athletes’ physiological condition into the training
process for ski mountaineering. This view is supported by
L. Nima (2023), who considers social groups and sporting
communities as factors influencing motivation and the reg-
ularity of the training process. In the case of ski mountain-
eering, group interaction during training in mountainous
conditions fosters trust and mutual support among ath-
letes. associated with challenging terrain and high-intensity
exertion. In their work, C. Rotllan & G. Viscor (2023) noted
that among elite female athletes in winter sports, there is an
elevated incidence of lower limb injuries and overuse inju-
ries. The technical specifics of the discipline create similar
risk mechanisms. A separate section of the analysis con-
cerns trends in the development of sport in the digital age.
In their work, L. Zhipeng et al. (2025) demonstrated that
sports tourism and sporting disciplines are increasingly
being studied through the lens of digital data and interna-
tional comparisons. There is a growing interest in the use of
digital platforms for training planning and route analysis in
ski mountaineering. In the study by L. Zhouxiang (2024),
it was highlighted that VR (Virtual Reality) technologies
are used to simulate sporting situations and practise tac-
tical decisions. The results show that such approaches can
be applied to the training of ski mountaineers, particularly
for practising reactions in challenging weather conditions
and on hazardous sections of the route. Thus, the current
development of ski mountaineering is characterised by the
active integration of digital technologies into the training
process, which enhances the effectiveness of load manage-
ment, recovery and tactical simulation.

Conclusions

Ski mountaineering has undergone a multi-stage evolution
from a utilitarian means of transport in mountainous ter-
rain to a modern Olympic sport that combines mountain-
eering techniques, skiing and high demands on physical
endurance. Its development has spanned stages ranging
from the military and practical use of skis in the 19" and
20™ centuries to the emergence of informal competitions,
institutionalisation through international federations, and
the standardisation of rules within the ISMF. Its inclusion
in the programme of the 2026 Winter Olympic Games
marked the sport’s legitimisation, accompanied by tech-
nological advancements in equipment, increased profes-
sionalisation and more complex competition formats. Ski
mountaineering is a highly dynamic sport that integrates
the traditions of mountain culture, modern innovations
and the requirements of the international Olympic move-
ment.

The development of ski mountaineering is character-
ised by a rapid rise in popularity, a shift towards short and
highly dynamic competition formats, an increase in the
intensity of physical exertion, and the active technological
advancement of sports equipment.

The inclusion of the sport in the Olympic programme,
a reduction in the duration of competition formats by
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90-95%, an increase in the intensity of exertion by 25-35%
and a reduction in the weight of equipment by 20-30% re-
flect its transformation into a high-speed, media-oriented
discipline that combines sporting performance and tech-
nological innovation. Ski mountaineering is viewed as a
holistic training system, where results are determined by
the interplay of an athlete’s endurance, strength, coordi-
nation and technical skill in a mountain environment.
The training process includes aerobic workouts to devel-
op basic endurance, interval climbs to raise the anaero-
bic threshold, strength exercises for movement stability,
as well as technical and transitional elements to optimise
speed of action. In addition, long training days and back-
to-back sessions are used to simulate fatigue. The combi-
nation of these methods ensures comprehensive adapta-

time, its specificity lies in the combination of cyclic move-
ments using ski equipment, which alters the biomechanics
of movement, as well as in the high demands on technical
and traversing skills, decision-making in a changing moun-
tain environment, and the coordination of upper and lower
limb movements. This results in a more comprehensive and
multi-level nature of training compared to other endurance
sports. The limitation of the study lies in its focus solely on
the theoretical analysis of international sources without the
inclusion of primary empirical data or experimental testing
of athletes. Prospects for further research lie in studying the
impact of digital monitoring technologies (GPS tracking,
biometric sensors and load analysis systems) on the effec-
tiveness of training and competitive performance in ski
mountaineering.

tion of the body, building the ability to perform physical

work effectively in challenging and unpredictable moun- Acknowledgements
tain conditions, whilst maintaining the athlete’s technical ~ None.
precision and performance capacity. .
Ski mountaineering shares common features with oth- Funding
er endurance sports in the mountains, such as trail running, ~ None.
mountain running and cycling, notably the predominance
of aerobic endurance and the need to perform effectively in Conflict of Interest
conditions of hypoxia and challenging terrain. At the same  None.
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JI3KHUM anbniHi3M AK HOBUM BUg, 01iMMNINCbKOI Nporpamm:
TeHAeHLUii pO3BMTKY Ta 0C006/MBOCTI NiAroTOBKU CNOPTCMEHIB

Ceprin Tpauyk

KaHamaaTt HayK 3 Gi3n4YHOro BMX0BaHHA | CNOPTY, 40UEHT
HauioHanbHWI yHiBepcnTeT di3nyHOro BUXoBaHHA i cnopTy YKpaiHu
03150, Byn. QizkynsTypn, 1, M. Knis, YrpaiHa
https://orcid.org/0000-0002-5580-0510

AHoTaujia. MeTolo focIimpkeHHA 6y10 BUABICHHA XapaKTePHUX PUC OpraHisalil MiATOTOBKY CIIOPTCMEHIB y TVDKHOMY
aJIbIIiHi3Mi Ha OCHOBI TeH/IEHIill 10T0 PO3BUTKY B KOHTEKCTi HAOYTTA O/NIMIIINICBKOTO CTaTyCy. MeTOmO/IOTiA JOCTiKeHHA
6asyBajacsi Ha BMKOPUCTAHHI I1CTOPMKO-JIOTiYHOTO, aHAMITUKO-CHHTETUYHOIO, CTPYKTYPHO-(YHKI[IOHATBHOTO Ta
y3arajibHIOBa/IbHO-TIOPIBHSANBHOTO METOfIB, 10 3a0esIeunan KOMIUIEKCHMIT aHajli3 eBOJIOLil JVDKHOTO ajbIIiHI3MY,
CYYaCHMX TEH/EHIIilT JI0T0 PO3SBUTKY Ta crienniky mirOTOBKM CIOPTCMEHIB V TipChKUX YMOBax. Bymo gocmimxeHo, 1o
JIVDKHMIL Q/IbIIHI3M eBOJIIOL[iOHYBAB Bif IPUK/IAJHOIO CIOCOOY MepeCcyBaHHs B TiPChbKUX YMOBaX O CTPYKTYpPOBaHOTO
MDKHapOJZHOTO BUAY CHOPTY, L0 ITOERHYE aMbIIiHICTChKI TeXHIKM, NTVDKHY MiATOTOBKY Ta BUCOKI BUMOIM O ¢isndHOi
BUTpUBaoOCTi. Vloro inctuTynioHanisanis yepes mixknaponui demepalrii, cTangapTU3aIlil0 3Marab i BKIOYEHHS 10
ONTIMIIIiIChKOI ITporpaMi Biffobpakae Iepexin Ko Cy4acHOI BUCOKOTEXHOJIOTIYHOI AUCHMUIDTIHY, iHTeIPOBAHOIL B CUCTEMY
CBiTOBOTO cnopTy. By/lo BMOKpeMIIeHO, 110 Cy4acHUI PO3SBUTOK JIMXKHOTO aJIbIIiHI3MY XapaKTe€PU3YETbCA HIBUIKUM
3pOCTAHHSM ITOMYIAPHOCTI, TEPEX0OM JO KOPOTKMX BICOKOAMHAMIYHNIX (HOPMATIB 3MaraHb i CyTTEBUM MifBUIIEHHIM
inTeHcuBHOCTI ¢isyyHMX HaBaHTaXeHb. OXHOYACHO BiNOYBA€THCA TEXHONOTi3allis CIOPAMKEHHsS Ta iHTeHcudikaria
TPEHYBaJIbHOTO IPOLECY, IO pasoM i3 BK/IIOUEHHAM [0 OJIMIINCHKOI NMporpaMy BM3Hadae TpaHCcGOpMalilo BULY
CIIOPTY B MeJilfHO IpUBAOIMBY Ta BUCOKOCIIEIiaNTi30BaHy AVCIUIDTIHY. Vloro BK/IIOYEHHS [0 OTIMIIIIICHKOL Nporpamu
Ta CKOPOYEHHsI TPUBAIOCTI 3MaranpHyx opmaris Ha 90-95 % BimobpakaoTh TpaHC(HOPMALII0 y BIUCOKOMIBUAKICHY
Ta TEXHOJIOT{YHO OPIEHTOBAHY AMCUUIUIIHY 3 aKLIEHTOM Ha MefiifHIiCTb i edeKTnBHICTb. Bymo BusBIeHO, mo y cucTeMi
HiATOTOBKM MOEZHYIOTHCSI BUTPUBAMICTD, CM/Ia, KOOPAMHALS Ta TeXHIYHI HABUYKM, IO 3abe3medye KOMIIEKCHY
afjalTallilo CIOPTCMEHIB [O CKIAJHMX TipChbKMX YMOB i 3MIHHOTO HaBaHTa)XeHHsA. [IpakTuuHe 3Ha4YeHHA pPoOOTH
MOJIATA€ Y MOXK/IMBOCTI BUKOPUCTAaHHA OTPMMaHUX Pe3y/NbTaTiB 1A yLOCKOHATIEHH:A CUCTeMM TPEeHYBa/IbHOI Mi/JTOTOBKI
CIIOPTCMEHIB y JIMKHOMY aJIbIIiHi3Mi Ta IHIIMX TipChKMX BMJAX LMK/IIYHOI BUTPMBA/IOCTI IS IiABUIIEHHS IXHBOI
¢isnuHOI Ipane3naTHOCTI, TeXHIYHOI e(heKTMBHOCTI Ta afanTalil 10 CKTaTHUX YMOB CepeloBMIIA

KntouyoBi cnoBa: aepo6Ha BUTpUBAIICTh; TipchbKi yMOBH; 6ioMexaHiKa pyxy; ¢isionoriuHi HaBaHTa)XeHHsI; TPEeHyBaIbHA
MiIrOTOBKa
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Abstract. The purpose of the study was to assess the effect of a three-day hike in the Ukrainian Carpathians on physical
endurance indicators and its recreational effect among school pupils and university students. The participants were 120
young people (60 pupils and 60 students) who completed a three-day, 37 km route (Dilove village — Mount Pip Ivan -
Dilove village), with elevations ranging from 350 m to 1,936 m above sea level. Functional status was assessed using
the Harvard Step Test, the 12-minute Cooper test, continuous heart-rate monitoring, a Likert-scale questionnaire, and
methods of mathematical statistics. After the hike, the Harvard Step Test Index increased significantly (p <0.001), by 12.4%
among pupils and 14.2% among students; the Cooper-test distance increased by 8.8% in both groups. Cardiorespiratory
measurements recorded more economical effort among students, whose mean heart rate while walking was lower
(134.2+8.5 bpm compared with 138.4+ 9.2 bpm among pupils) and whose pulse returned to 100 bpm sooner (p <0.001).
Load intensity correlated positively with gains in endurance (p =0.74 among pupils and p = 0.69 among students), in
keeping with a dose-dependent training effect. Subjective assessments likewise pointed to considerable recreational value:
more than 88% of participants stated that they experienced psychological recovery, while 91.7% of pupils and 96.7% of
students wished to repeat the hike. The practical importance of these results lies in the scientific justification of three-
day mountain hikes as an effective way of strengthening physical education. The data may assist teachers and coaches in
differentiating physical loads for different age groups, and specialists developing health-enhancement programmes aimed
at reducing physical inactivity and improving young people’s cardiorespiratory function

Keywords: adaptation; training effect; age differences; sex differences; cardiorespiratory system

Introduction

The relevance of this subject arises from recent changes in
students’ daily lives, in which the predominance of digital
technologies displaces habitual physical activity and cre-
ates risks to physical health. This situation increases the
need for nature-oriented forms of physical education that

support both physical health and psycho-emotional recov-
ery. Despite the popularity of active tourism, the academic
literature provides limited coverage of the systematic effects
of sustained physical exertion in specific natural settings on
functional status. The development of physical endurance
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while traversing difficult landscapes also requires more de-
tailed and integrated analysis. The natural features of the
Ukrainian Carpathians provide appropriate conditions
for multi-day walking routes within active recreation pro-
grammes. Unlike short excursions, mountain hikes pro-
duce a sustained physiological load that can improve young
people’s aerobic capacity and strengthen overall physiologi-
cal resilience in a demanding educational environment.

0. Kolotukha (2024) reviewed nature-oriented tourism
and active recreation. The researcher linked participation
in such activities with greater physical activity, including
more daily walking among groups selecting natural routes.
The main forms of nature-oriented activity were also sys-
tematised, identifying directions for subsequent empirical
studies. M. Fesyk (2024) analysed the influence of sports
tourism on national-patriotic education in the Volyn re-
gion. The study described a positive effect of tourism activ-
ities on socially responsible behaviour among adolescents.
Questionnaire data and pedagogical observation provided
quantitative evidence of positive changes in participants’
motivation. V. Petryshyn (2025) considered organisational
forms of tourism in adolescents’ educational environment
and concluded that regular hikes improved physical fitness.
The author developed a classification of tourism organisa-
tion formats (curricular, extracurricular, and club-based)
with practical value for educational institutions.

E. Rudenko (2024) investigated the problems and pros-
pects of sports tourism development in Ukraine, focusing
on Carpathian hiking routes and their role in strengthen-
ing young people’s endurance. Key barriers to the devel-
opment of the sector were identified, including financial,
material-technical, and staffing constraints, and ways of ad-
dressing them were proposed. D.M. Lolowang et al. (2025)
conducted a systematic review of innovative approaches to
physical fitness teaching involving technology and gami-
fication. After analysing 48 sources, the authors identified
digital tools that increased student engagement and sup-
ported continued physical exercise without loss of motiva-
tion. M. Moloka¢ et al. (2022) analysed tourists’ preferences
when selecting hiking routes. Safety and natural attractive-
ness were the main criteria. A survey of 387 respondents
and cluster analysis distinguished three tourist types with
different preferences. A. Federici (2021) focused on safety
in outdoor recreation. The study concluded that controlled
physical exertion in mountain terrain reduced injury risk
and assisted adaptation to stressors. The paper proposed
recommendations on gradual load progression and the pre-
vention of hypothermia in the mountains. K. Marsh (2025)
evaluated the influence of a mountain-biking programme
on social-emotional learning among schoolchildren. The
results linked regular outdoor excursions with more re-
sponsible attitudes and with the objectives of hiking. A
mixed-method approach assessed the programme against
four social-emotional skill indicators. R. Puhakka (2021)
explored students’ participation in outdoor recreation-
al activity and its effect on subjective well-being. Time
spent in natural surroundings correlated positively with
psychological recovery indicators. Using the standardised
REST-Q questionnaire, the researcher noted that the great-
est effect occurred after 3-5 hours of continuous time in
forest or mountain settings. N. Labuschagné et al. (2025)
assessed the relationship between active recreation, leisure

boredom, and life satisfaction among students. Regular
hiking was associated with lower boredom levels. Correla-
tion analysis linked a one-point reduction in boredom with
a 0.34-point increase in life satisfaction (p <0.01).

Nevertheless, the literature provided insufficient
quantitative evidence on changes in physical endurance,
including heart rate, recovery indicators, and aerobic ca-
pacity, among school pupils and university students after
an intensive three-day high-altitude hike in the Ukrainian
Carpathians. A discrepancy remained between the stated
importance of active tourism in educational programmes
and the absence of empirical data on the graded effect of
such activities on endurance development. Previous works
were also limited by their reliance primarily on subjective
assessment methods, such as questionnaires and reflec-
tion, without standardised physiological tests. The study
aimed to determine how a three-day hike in the Ukraini-
an Carpathians affected physical endurance indicators and
the recreational effect among school pupils and university
students. The objectives were to assess changes in physical
endurance using the Cooper test and the Harvard Step Test
before and after the hike; analyse the physiological load
during the route using heart-rate indicators and pulse-re-
covery speed; identify differences in participants’ adaptive
responses by age and sex; and assess subjective indicators
of the recreational effect and psychological recovery using
questionnaire data.

Materials and Methods
The study was conducted from May to October 2025.
The study comprised three successive stages: preparato-
ry (01.05.2025-31.05.2025), involving sample formation,
medical examination, and initial testing of endurance indi-
cators; main (01.06.2025-31.08.2025) - a series of identical
three-day hikes for separate small groups of participants
(15-20 individuals) under comparable load and safety con-
ditions; and final (01.09.2025-30.10.2025) - repeat testing
three days after each group returned, followed by the col-
lection, systematisation, and statistical processing of the
results. This period covered a series of identical three-day
hikes for different groups of participants, together with pre-
liminary testing, data collection, and statistical processing.
The sample comprised 120 participants divided into two
groups: school pupils (60 participants aged 14-17 years,
including 30 boys and 30 girls) and university students
(60 participants aged 18-25 years, including 30 male and
30 female students). All participants attended secondary or
higher education institutions in Ivano-Frankivsk. Inclusion
criteria were the absence of medical contraindications to
sports tourism, confirmed by a medical certificate; volun-
tary written consent to participate, with parental or legal
representative consent for minors; and no regular partic-
ipation in organised mountain hikes during the preceding
12 months. Exclusion criteria were chronic cardiovascu-
lar or respiratory disease, acute inflammatory conditions
at the beginning of the study, and musculoskeletal inju-
ries limiting physical activity. The sampling method was
non-random (purposive); groups were formed by selecting
all individuals who met the inclusion criteria and had ap-
plied to take part in the hiking programme. Ethical require-
ments were observed throughout data collection. Partici-
pation was voluntary and required informed consent. Data
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anonymity and confidentiality were ensured in accordance
with national legislation. All procedures complied with
ethical standards for studies involving human participants
under The Declaration of Helsinki (2024).

The study programme involved a three-day mountain
hike along the route Dilove village - Mount Pip Ivan - Dilove
village, covering 37 km, with a mean daily distance of ap-
proximately 12-14 km and elevations ranging from 350 m
to 1,936 m above sea level. Walking time was 5-7 hours per
day, with breaks every 45 minutes at a pace of 2.5-3.0 km/h.
The daily dietary provision had a uniform target energy
value of 3,500 kcal, the fluid intake target was 2.5 L, and all
participants received a complete set of specialised equip-
ment. Physical endurance was tested two weeks before the
hike and three days afterwards using the Harvard Step Test
(step height 40/50 cm, 5 min, 30 steps/min), with calcula-
tion of the Harvard Step Test Index (HSTI) according to
the standard formula, and the 12-minute Cooper test con-
ducted in a stadium. During the hike, heart rate (HR) was
monitored in 30% of participants using Polar H10 heart-
rate monitors and Garmin Fenix 7 watches; mean and max-
imum values and recovery time to 100 bpm were recorded.
A five-point Likert-scale survey of subjective condition was
administered to all 120 participants three days after the
hike. Participants rated their agreement (from 1 “strongly
disagree” - to 5 “strongly agree”), with the statements: “my
physical condition improved”, “my fatigue level decreased”,
“I experienced psychological recovery”, and “I was satisfied
with the recreation” Responses were grouped as follows:
scores of 1-2 were classified as “disagree’, a score of 3 - as
“neutral/difficult to answer”, and scores of 4-5 — as “agree”.
The limitations of the study included a relatively short post-
load observation period, the influence of individual metab-
olism on dietary assimilation, and variable high-altitude
weather conditions that could alter hiking intensity.

Statistical analysis was performed in IBM SPSS Sta-
tistics version 28.0 (IBM Corp., USA). Distributional

normality for quantitative variables was tested using the
Shapiro-Wilk test. Where distributions were normal
(p>0.05), paired Students t-tests were applied to compare
pre- and post-hike indicators within each group, and in-
dependent-samples t-tests were applied to compare pupils
and students. Variables whose distributions differed from
normality (p <0.05) were analysed using the non-paramet-
ric Wilcoxon signed-rank test for related samples and the
Mann-Whitney U test for independent samples. Statistical
significance was set at o = 0.05. Confidence intervals for
mean differences were calculated at the 95% confidence
level. The correlation between load intensity (mean HR
during the hike) and the increase in endurance indicators
(AHSTI) was assessed using Spearman’s rank correlation
coeficient. No correction for multiple-comparison error
was applied because no more than three comparisons were
performed within any single hypothesis.

Results

Changes in physical endurance indicators among school
pupils and university students before and after

a three-day hike in the Ukrainian Carpathians

Mountain hiking imposes a specific load on the cardi-
orespiratory system through the combined effects of sus-
tained muscular work, hypoxia, and temperature vari-
ation (Mozolev, 2025). Adaptation to these conditions
depends on circulatory-regulation mechanisms that differ
by age: chronotropic responses predominate among ado-
lescents, whereas inotropic mechanisms assume a greater
role among adults (Perrin-Malterre et al., 2021). Regular
participation in sports tourism promotes improvement in
physical fitness (Khomenko, 2023). Pupils and students dif-
fer in morphofunctional maturity, which determines their
adaptive reserves. Sex differences affect absolute endurance
indicators, although relative gains in adaptive values may
be similar in both sexes. Table 1 presents changes in endur-
ance among the groups during the experiment.

Table 1. Endurance indicators among school pupils and university students before
and after a three-day hike in the Ukrainian Carpathians (M +SD)

Group Indicator Before the hike After the hike Absolute increase Relative increase (%)
Pupils HSTI, conventional units 68.4+8.2 76.9+75 +8.5 +12.4
(aged 14-17 years) (n=60) | gogper test, m 2,150 230 2,340+ 210 +190 +88
Students HSTI, conventional units T4.2+78 84.7+71 +10.5 +14.2
(aged 18-25years] (=60 | cogper test, m 2,380+ 250 2,590:+230 +210 +88

Source: compiled by the authors based on the experimental data

The changes in the indicators point to a marked
training effect of the mountain hike in both participant
groups. The identical relative increase in Cooper-test dis-
tance suggests that three days of intensive aerobic activity
at altitude stimulate oxygen-transport function irrespec-
tive of age and initial fitness level. Short mountain hikes
may therefore offer a practical way of rapidly mobilising
young people’s aerobic reserves. By contrast, HSTI was
more sensitive to age differences, which may be linked to
the greater morphofunctional maturity of the students.
In the 18-25 age group, a marked positive trend in recov-
ery processes was observed, indicating better autonomic

regulation of heart rate and more effective utilisation
of inotropic mechanisms for myocardial adaptation to
exercise compared with adolescents. Among students,
the increase in the recovery index exceeded the rate of
increase in aerobic capacity, whereas among pupils, the
two indicators changed more evenly. The hike imposed a
greater stress load on the younger group, for whom func-
tional recovery and the attainment of supercompensation
required more time. The results suggest that a three-day
hike in the Carpathians provides recreational benefits
and can strengthen physical education. Table 2 presents
the analysis by sex.
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Table 2. Endurance indicators by sex and age (M + SD)

Subgroup (n=30) Indicator Before the hike After the hike Increase
Male pupils HSTI 72.1+76 81.3+69 +9.2
Female pupils HSTI 64.7+79 725+73 +78
Male pupils Cooper test (m) 2,310+210 2,510 190 +200
Female pupils Cooper test (m) 1,990+190 2,170 +180 +180
Male students HSTI 78.4:71 89.8+6.5 +11.4
Female students HSTI 70073 796+6.8 +96
Male students Cooper test (m) 2,570+230 2,800+210 +230
Female students Cooper test (m) 2,190+210 2,380+200 +190

Note: each subgroup comprised n= 30 participants
Source: compiled by the authors based on the experimental data

Male pupils and male students had consistently higher
absolute values at each stage of the experiment. This dif-
ference corresponds to physiological sexual dimorphism: a
larger cardiac volume, higher haemoglobin concentration,
and greater skeletal muscle mass support more intensive
oxygen delivery during exertion. Despite substantial dif-
ferences in baseline values, the changes in aerobic endur-
ance measured by the Cooper test were almost identical for
males and females. Similar relative rates of improvement
suggest that the capacity to develop aerobic performance in
response to mountain exertion is not confined by sex. Fe-
male pupils and female students responded to the stimulus
as effectively as their male counterparts, in proportion to
their respective functional limits.

The difference in recovery speed, measured by HSTI,
in favour of male pupils and male students warrants sepa-
rate attention. Their more rapid return to normal HR may
be associated with a stronger sympathoadrenal response,
accelerating functional stabilisation after exercise stops. Fe-
male pupils and female students exhibited a more gradual
adaptation, possibly linked to hormonal features that help
prevent excessive depletion of resources during prolonged
work. Although both sexes experienced a training effect,
their biological recovery patterns therefore differed and
should be borne in mind when rest periods on the route are
planned. Changes within each subgroup were statistically
significant according to the paired t-test (all p<0.001). Ta-
ble 3 compares age groups separately for males and females.

Table 3. Comparison of increases in endurance indicators between pupils
and students by sex (independent-samples t-test)

Subgroups Indicator Difference in increases 95% Cl t-value p-value

Male pupils — male students AHSTI 2.2 [1.1;3.3] 371 <0.001
Female pupils — female students AHSTI 18 [0.8;2.8] 3.32 0.002
Male pupils — male students ACooper (m) 30 [10; 50] 2.98 0.004
Female pupils — female students ACooper (m) 10 [-8; 28] 1.09 0.278

Note: square brackets contain the 95% confidence interval for the difference in mean increases between groups; each sex-based
subgroup comprised 30 participants — male pupils, male students, female pupils, and female students; an interval that does not cross

zero represents a statistically significant difference at a=0.05
Source: compiled by the authors based on the experimental data

The statistical results varied by age category. Signif-
icant differences in HSTI increases for both male and
female comparisons point to more intensive recovery
processes among university students than among school
pupils. This pattern accords with greater functional matu-
rity of autonomic mechanisms regulating heart rhythm at
the age of 18-25 years and, consequently, faster stabilisa-
tion after the route. Cooper-test results differed in the male
comparison: male students improved more rapidly than
male pupils, whereas no statistically significant difference
emerged between female students and female pupils. This
may reflect earlier stabilisation of female aerobic potential,
while males retain considerable scope for increasing en-
durance into university age.

Baseline HSTI values placed students in the “above
average” category and pupils in the “average” category. Af-
ter the experiment, students reached the “high” category,
while pupils reached “above average”. A similar change oc-
curred in the Cooper test: students moved from “good” to
“excellent”, while pupils improved from “below average” to

“average”. These data indicate an overall improvement in
young people’s functional status after participation in the
mountain hike. Improvement in physical fitness across
all subgroups reinforces the value of high-altitude natural
factors for mobilising aerobic reserve. However, the results
should beinterpreted asa composite effect, including repeat-
ed testing, mobilisation of volitional effort, and individual
adaptation, rather than solely as a consequence of muscular
activity. Faster recovery among students than pupils sug-
gests more efficient cardiovascular activity, a central feature
of adaptive processes in a more mature organism. However,
similar relative changes between male and female pupils,
and between male and female students, provide little evi-
dence of a pronounced sex-specific difference in the overall
rate of endurance improvement after outdoor recreation.

Analysis of physiological load during the mountain
route using heart rate and recovery time indicators
Adaptation of the cardiovascular system to regular aero-
bic physical loads is expressed as a reduction in heart rate
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during resting and during standard submaximal work
(Kashelyuk, 2021). Heart rate is an objective indicator of
physical-load intensity during hiking trips (Telford & Pot-
ter, 2011). Real-time HR monitoring traced the cardiovas-
cular response to movement through mountain terrain
with varied relief and elevation changes. The state of the
autonomic nervous system determines the rate of HR re-
covery after muscular work ceases (Bilyk, 2025).

In sports tourism, working HR wvalues of 120-
150 bpm correspond to an aerobic-load zone conducive
to endurance development. Values above 160 bpm sig-
nal a shift towards a mixed aerobic-anaerobic zone and
may hasten fatigue. The time required for HR to recov-
er after activity ends characterises autonomic regulation
and training status: faster return towards resting values
corresponds to better conditioning. Among young peo-
ple without regular physical training, HR commonly

returns to 100 bpm within 5-10 minutes; among trained
individuals, this period is reduced to 2-4 minutes. The
training effect on endurance depends on the intensity of
effort within the aerobic energy-supply zone. O. Olkho-
vyi et al. (2024) linked mean load intensity, represented
by mean HR while completing the route, with post-hike
gains in endurance, in keeping with a dose-dependent
effect. The optimal mean HR range for developing en-
durance was 130-150 bpm among students, whereas for
pupils aged 14-17 years it was 120-140 bpm because of
age-related differences in heart-rhythm regulation. The
present study continuously monitored HR in 36 random-
ly selected participants, comprising 18 pupils and 18 stu-
dents. Recording took place from 08:00 to 18:00 on all
three days of the hike, using the mean HR for each hour
of walking. Table 4 presents mean HR values and recov-
ery times for the two groups.

Table 4. Heart rate and recovery-time indicators during the three-day hike (M + SD)

Indicator Pupils (n=18) Students (n=18) Difference p-value

Mean HR per hour of walking, bpm 138.4+9.2 134.2+8.5 -4.2 0.042
Maximum HR (on ascents), bpm 172687 168.3+79 -4.3 0.038
Recovery time to 100 bpm, min 6.8x1.4 52+11 -16 <0.001

Source: compiled by the authors based on the experimental data

Cardiometric monitoring data for both groups re-
mained within the aerobic energy-supply zone. Students
had lower mean and maximum HR values, correspond-
ing to more economical cardiac work than among pu-
pils. This difference is associated with greater maturity
of adaptive mechanisms at 18-25 years: an equivalent
amount of work was completed under less function-
al strain. The largest inter-group difference concerned
pulse-recovery speed. Faster return of HR towards nor-
mal values among students is compatible with better
autonomic regulation and stronger parasympathetic

influence after physical activity. The longer recovery pe-
riod among pupils may be explained by sympathicotonia
characteristic of adolescence, resulting in a higher “phys-
iological cost” of traversing mountain terrain. These re-
sults point to substantial functional reserves among stu-
dents. Among pupils, the same physical activity acts as
a stronger stimulus and should be accounted for when
selecting walking pace and rest duration on difficult sec-
tions of the route. Hourly mean values were subsequent-
ly analysed to clarify HR changes during each day of the
hike; Table 5 presents the results.

Table 5. Changes in mean HR (bpm) by day of the hike (M £ SD)

Group Day1 Day 2 Day 3 ADay 3 -Day1l p-value (Day 1/ Day 3)
Pupils (n=18) 142.1+9.8 138993 134.2+8.8 -19 0.008
Students (n=18) 1375+89 1348+8.4 130.3:8.1 -7.2 0.012

Source: compiled by the authors based on the experimental data

Across the three days, mean HR gradually decreased in
both groups. The steady decline in working pulse points to
rapid adaptation to the combination of physical load and
high-altitude conditions. Cardiac strain was greatest dur-
ing the first half of the first day, when participants nego-
tiated the most difficult terrain and underwent initial ac-
climatisation. By the third day, the chronotropic response
had stabilised noticeably: peak HR values on sections with
a comparable gradient were substantially lower than at the
outset. This pattern illustrates the ability of young people to
adapt rapidly to hypoxia and physical exertion. By the end
of the hike, the lower pulse cost of completing the route

marked more economical physiological functioning. The
steady decrease in mean HR in both groups also illustrates
the short-term training effect of mountain hiking on auto-
nomic regulation of heart rhythm. These data suggest that
three days represent the minimum period over which an
initial adaptive response becomes apparent through more
efficient cardiac performance during standard muscular
work on the route. The relationship between load intensity
and the training effect was assessed by calculating Spear-
man’s correlation coeflicient for mean HR during the hike
and the post-hike increase in HSTT; the values are present-
ed in Table 6.

Table 6. Correlation between mean HR (bpm) and the post-hike increase in HSTT (AHSTTI)

Group Mean HR, M+ SD AHSTI,M£SD p (Spearman) p-value
Pupils (n=18) 138.4+9.2 8.5+21 0.74 <0.001
Students (n=18) 134.2+85 105+2.3 0.69 0.002

Source: compiled by the authors based on the experimental data
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The correlation coeflicient between mean HR and the
increase in HSTT was p=0.74 among pupils (p <0.001) and
p=0.69 among students (p =0.002). Both values represent
a strong positive relationship: participants with a higher
mean HR during the hike, and therefore a higher working
intensity, achieved a greater increase in endurance. The re-
lationship was linear across the HR range of 125-145 bpm.
Where mean HR exceeded 150 bpm, which occurred in
four pupils, HSTT no longer rose proportionately, suggest-
ing proximity to an individual anaerobic threshold and
possible overload. Exercise above 85% of maximum HR is
known to overactivate the sympathetic component and im-
pair adaptation in young people without specialised train-
ing. As only a small number of participants in this study
reached this level, the overall correlation remained strong.
No student exceeded a mean HR of 158 bpm, which may
explain the slightly lower, though still strong, coeflicient in
the student group (p=0.69). Further analysis revealed that
in pupils with an average HR below 130 bpm (n =4), the
increase in HSTT was only 5.2 + 1.4 units, whereas in those
whose average HR was in the range of 135-145 bpm (n=10),
the increase reached 9.8 + 1.7 units. The corresponding val-
ues among students were 7.6 = 1.5 units at HR <130 bpm
(n=6) and 11.9 £ 1.9 units at HR 130-140 bpm (n =9).
Thus, the training effect was dose-dependent: effort inten-
sity within the aerobic zone affected the increase in endur-
ance. In this sample, larger HSTT increases occurred among
participants whose mean HR exceeded 130 bpm.

Physiological load during the three-day hike in the
Ukrainian Carpathians was characterised by a mean HR of
130-140 bpm, within the aerobic zone for endurance devel-
opment. Pupilshad higher absolute HR values and longer re-
covery times than students. Mean HR declined progressively
in both groups over the three days, marking acute adapta-
tion. Its correlation with the increase in HSTI was strongly
positive (p=0.74among pupils and p=0.69 among students),
providing evidence of a dose-dependent training effect.

Comparison of the training and recreational effects

of hiking among school pupils and university students
Health-enhancing recreational activity in natural sur-
roundings aids recovery of physical and psychological
resources through the combination of physical activity
and exposure to natural factors (Halamay, 2021). During
multi-day hiking trips, cardiovascular function improves
through more economical work and faster recovery pro-
cesses (Skaliy et al., 2023). Balanced use of forest areas
for active recreation can increase physical activity in the
population without disturbing ecological balance (Brovi-
na & Sallaku, 2024). Regular participation by children
and adolescents in active tourism activities also produces
statistically significant improvements in cardiorespiratory
endurance and overall physical working capacity (Martin-
ez-Redecillas et al., 2026). Table 7 presents the medians
(Me) and interquartile ranges (IQR) for responses in the
pupil and student groups.

Table 7. Post-hike participant survey results (Me [IQR])

Statement Pupils (n=60) Students (n=60) p (Mann-Whitney U test)
My physical condition improved 4[4, 5] 5[4; 5] 0.031
My fatigue level decreased 43; 4] 414, 5] 0.008
| experienced psychological recovery 5[4;5) 5[5; 5] 0.042
| was satisfied with the recreation 5[4, 5] 5[5; 5] 0.023

Note: square brackets contain the interquartile range (IQR), comprising the first (Q1) and third (Q3) quartiles [Q1; Q3], this interval
covers the central 50% of participants’ responses; the median (Me) is shown before the brackets

Source: compiled by the authors based on the experimental data

According to Table 7, the hike had a positive effect in
both groups, with higher assessments among students. Stu-
dents gave higher median ratings for most indicators and a
narrower interquartile range (IQR), suggesting greater con-
vergence in their responses; all four statements also differed

significantly between groups (p <0.05). Although pupils ex-
pressed satisfaction with the hike, their responses were more
variable, while students were more uniform in assessing its
positive effect on physical and psychological condition.
Table 8 presents the percentage distribution of responses.

Table 8. Percentage of participants who agreed with the statements (%)

Statement Pupils (% agreeing) Students (% agreeing) Difference (percentage points)
My physical condition improved 78.3 917 +13.4
My fatigue level decreased 68.3 85.0 +16.7
| experienced psychological recovery 88.3 96.7 +8.4
| was satisfied with the recreation 917 98.3 +6.6

Source: compiled by the authors based on the experimental data

Subjective assessments of the hike were generally pos-
itive among the young participants. Psychological recov-
ery and overall satisfaction received the highest ratings,
pointing to the considerable recreational value of moun-
tain routes in both age groups. Students provided a great-
er proportion of positive assessments across all indica-
tors, which may relate to stronger awareness of the effect

of physical activity and better adaptation to the load. The
difference in responses on reduced fatigue is particularly
informative: the lower proportion of pupils agreeing with
this statement points to a greater “physiological cost” of
the hike for adolescents. For pupils, the three-day route
represented an intensive physical challenge primarily;
for students, it functioned more effectively as a form of
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recovery. The near-unanimous satisfaction among stu-
dents favours the inclusion of such activity in the edu-
cational process as a means of counteracting academic
exhaustion. Low levels of negative assessment (scores of
1-2) in both groups are compatible with the safety and
appropriateness of the selected route for the participants.

Despite the physical difficulty, the psychological effect of
time spent in natural surroundings remained an impor-
tant motivation for future participation in tourism. Re-
sponses were then analysed by sex, with the proportions
agreeing with each statement among male and female pu-
pils and students presented in Table 9.

Table 9. Percentage agreeing with statements, by sex and age (%)

Statement Male pupils (n=30) Female pupils (n =30) Male students (n=30) Female students (n=30)
My physical condition improved 83.3 73.3 93.3 90.0
My fatigue level decreased 73.3 63.3 86.7 83.3
| experienced psychological recovery 90.0 86.7 96.7 96.7
| was satisfied with the recreation 93.3 90.0 1000 96.7

Source: compiled by the authors based on the experimental data

Within the pupil group, male pupils had a higher per-
centage of agreement than female pupils for every state-
ment. The differences were 10.0 percentage points for
improved physical condition, 10.0 percentage points for
reduced fatigue, 3.3 percentage points for psychological
recovery, and 3.3 percentage points for satisfaction. Sex dif-
ferences were less pronounced in the student group. Male
students had slightly higher values for improved physical

condition and satisfaction, while both student subgroups
gave the same response level for psychological recovery.
The difference in reduced fatigue was 3.4 percentage points.
The highest value across all subgroups occurred among
male students for satisfaction with the recreation (100%).
Participants were also asked whether they wished to take
part in a similar hike during the next season; Table 10 pre-
sents their responses.

Table 10. Willingness to repeat the hike in the next season

Response Pupils (n=60) Students (n=60)
Yes 55(91.7%) 58(96.7%)
No 3(5.0%) 2(3.3%)

Undecided 2(3.3%) 0(0.0%)

Source: compiled by the author based on the experimental data

Most participants in both groups wished to repeat
the hike: 91.7% of pupils and 96.7% of students. Repeat
participation was declined by 5.0% of pupils and 3.3% of
students. A small number of pupils remained undecided,
whereas no students selected this response. Those declin-
ing included two female pupils, one male pupil, one female
student, and one male student; their reasons were lack of
time (three participants) and insufficient physical fitness
(two participants). Taken together, the survey responses
point to a marked recreational effect of the three-day hike
in the Ukrainian Carpathians in both groups. Students
rated improvement in physical condition, reduced fatigue,
and psychological recovery more highly than pupils. More
than 90% of participants in both groups were satisfied with
the recreation. In the pupil group, male pupils rated the rec-
reational effect more highly than female pupils, while dif-
ferences between male and female students were minimal.
The available data therefore justify viewing a three-day hike
in the Ukrainian Carpathians as a potentially effective form
of active recreation and a means of short-term improve-
ment in young people’s physical endurance. Graded aerobic
exertion in mountain terrain appeared to mobilise adaptive
resources and improve overall physical working capacity.

Discussion
After the three-day hike in the Ukrainian Carpathians,
physical endurance improved among both adolescents and
university students. The principal results were increased
Cooper-test and HSTI values, higher absolute indicators

and faster HR recovery in the student group, and a strong
relationship between load intensity, represented by mean
HR, and gains in endurance. These results agree with
O. Mozolev et al. (2020), who documented a 10-15% in-
crease in aerobic endurance after hiking trips. The HSTI
increase in the present study (12.4-14.2%) fell within this
range. Comparison with O. Mozolev et al. (2020) also
points to age-related differences in adaptation, as universi-
ty students had a substantially greater capacity to mobilise
functional reserves than adolescents.

The results are also comparable to those of J.K. Bog-
gs (2024), who analysed the influence of an extracurric-
ular adventure-education programme on upper-second-
ary pupils’ attitudes towards active outdoor recreation.
That study noted increased physical activity after a four-
day programme and greater interest in tourism. A com-
parable response occurred in the present study: 91.7% of
pupils expressed willingness to repeat the hike. However,
J.K. Boggs (2024) did not measure objective physiologi-
cal indicators such as HR or endurance-test results. Here,
subjective ratings were accompanied by quantitative data,
strengthening the conclusions. C.L. Brown (2021) conduct-
ed a pilot study of a mountain-biking adventure-therapy
programme for lower-secondary pupils. The researcher ob-
served that the eight-week programme improved psychoso-
cial adaptation but did not produce statistically significant
changes in physical endurance, attributing this to insuffi-
cient load intensity. Unlike the study by C.L. Brown (2021),
the present study identified significant endurance changes,
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which may be linked to mountain terrain and sustained
aerobic exertion of 5-7 hours per day over three days. The
terrain and the extent of physical activity, therefore, appear
important for obtaining a training eftect, with the duration
and intensity of the hike playing a central role.

R. Jasmanedi et al. (2025) compared the physical fit-
ness of pupils living in different landscape zones. The re-
searchers documented substantially higher physical-condi-
tion indicators among young people who lived in or spent
active time in mountain areas than among their peers from
plain or coastal regions. The presented results correspond
to those of R. Jasmanedi et al. (2025): three days at alti-
tude in the Carpathians were associated with appreciable
improvements in endurance-test performance. Whereas
that earlier study focused on continuous exposure to the
residential environment, the present data suggest that a
short, intensive hike can produce a comparable adaptive
effect. E.R. Malones (2024), addressing implementation of
the Global Action Plan on Physical Activity, stressed the
importance of integrating health-enhancing activity into
young people’s daily schedules to improve overall health and
working capacity. The researcher linked purposeful physi-
cal activity (Physical Activity for Health and Fitness) di-
rectly with subjective well-being. In the current study, high
ratings of psychological recovery (93-97% agreement) and
the willingness of more than 91% of participants to repeat
the hike reinforce the proposition of E.R. Malones (2024)
that well-organised physical activity is perceived by young
people not as an onerous load but as a means of restoring
personal resources. The present data also supplement the
results of E.R. Malones (2024) with quantitative changes in
HR, permitting a more precise appraisal of the physiologi-
cal cost of such recreational activities.

B. Zhijing et al. (2025) assessed the influence of rec-
reational cycling tours on the cardiorespiratory status
of Chinese students. The researchers documented that
a five-day tour reduced resting HR by 8-10 bpm and in-
creased vital capacity. In the present study, HR during the
route decreased by 7.9 bpm among pupils and 7.2 bpm
among students, close to the range described by B. Zhi-
jing et al. (2025). The studies differ in the mode of trav-
el: cycling imposes a somewhat different load, with lower
impact on joints but higher movement speeds. Despite
this difference, cardiorespiratory adaptation was similar.
M.LR. Suarlam et al. (2026) compared the physical fitness
of primary-school pupils from rural and urban settings.
Their data associated rural residence, in a more natural en-
vironment, with better endurance among pupils. Although
all participants in the present study were urban residents
of Ivano-Frankivsk, after the three-day hike, their endur-
ance indicators reached the levels observed by M.I.R. Su-
arlam et al. (2026) among rural pupils. This suggests that
even short-term exposure to a natural mountain setting
can partially reduce fitness differences associated with
permanent living conditions. M. Cédsaneanu et al. (2025)
assessed the role of climbing-wall exercise in children’s
balance development. Although their study concerned
a different form of activity, the authors noted activation
of muscle groups rarely recruited in daily activity during
exercise involving vertical movement. In the conducted
study, participants with lower initial fitness achieved sub-
stantial relative increases in indicators. Changes within

individual subgroups follow the principle of “lower initial
reserves” described by M. Césaneanu et al. (2025), where-
by an organism with lower baseline fitness responds more
strongly to an intensive new stimulus.

D.O. Mudzakir et al. (2025) compared physical fitness
and motivation to learn among pupils attending “nature
schools” and conventional schools. Their results associated
nature-school attendance with greater motivation for phys-
ical activity and better endurance. The participants in the
presented study had no previous organised hiking experi-
ence, yet after the three-day walking route, 88-97% stated
that they experienced psychological recovery, reflecting a
positive response to outdoor activity. D.O. Mudzakir et
al. also noted that female pupils experienced a stronger
effect of contact with nature and achieved a greater rela-
tive increase in the Harvard Step Test Index. Comparison
with earlier studies highlights several patterns. A three-day
mountain hike markedly improved participants’ endur-
ance, in agreement with O. Mozolev (2025) and B. Zhi-
jing (2025). Students aged 18-25 years had better adaptive
capacity than pupils aged 14-17 years, which aligns with
the conclusions of D.O. Mudzakir (2025) on age-related
features of cardiovascular function.

Subjective assessments of the recreational effect also
merit attention. The present approach combined phys-
iological measurements, namely the Harvard Step Test,
Cooper test, and HR monitoring, with an extensive ques-
tionnaire. Unlike the work of O. Mozolev (2025) and
E.R. Malones (2024), which relied mainly on qualitative
methods, and that of B. Zhijing (2025) and M.L.R. Suar-
lam (2026), which focused on physiological indicators
without the subjective component, this study identified
parallel positive changes in perceived well-being and ob-
jective endurance. Both age groups achieved the same rela-
tive increase in Cooper-test distance (8.8%), corresponding
to a proportional change in aerobic capacity irrespective of
age. Recovery measured by HSTI was more age-depend-
ent: the increase among students (14.2%) exceeded that
among pupils (12.4%), a pattern not described by either
O. Mozolev et al. (2020) or B. Zhijing et al. (2025). Over-
all, the results correspond to most of the works discussed
in relation to the positive effect of nature-oriented load on
cardiorespiratory function and subjective well-being. They
also distinguish age- and sex-related features of adaptation
that should be addressed when comparable activities are
organised. The strong positive correlation between mean
HR during the hike and the increase in endurance is com-
patible with a dose-dependent training effect.

Conclusions
Following the three-day hike in the Ukrainian Carpathi-
ans, statistically significant improvements occurred in
young people’s physical endurance indicators (p < 0.001).
Among pupils aged 14-17 years, the relative increase in the
Harvard Step Test Index was 12.4%; among students aged
18-25 years — 14.2%, while Cooper-test performance in-
creased by 8.8% in both groups. Students achieved higher
absolute results throughout the study and recovered their
HR more rapidly. The sex-based analysis yielded similar
relative increases in male and female participants, although
male subgroups had higher absolute values. Physiological
load during the route remained in the aerobic zone; pupils
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had a higher mean HR and a longer recovery period than
students. The progressive reduction in mean HR by 7.2-
7.9 bpm and recovery to 100 bpm within 5.2-6.8 minutes
point to a more economical physiological response and
mobilisation of the participants’ adaptive resources.

The correlation between mean HR during the hike
and the increase in the Harvard Step Test Index was
strongly positive: p =0.74 among pupils (p < 0.001) and
p =0.69 among students (p =0.002). Pupils with a mean
HR of 135-145 bpm (n = 10) achieved an HSTI increase
of 9.8 + 1.7 units, whereas pupils with HR below 130 bpm
(n=4) increased by only 5.2 + 1.4 units. Among students,
the increase was 11.9 £ 1.9 units at HR 130-140 bpm
(n=9) and 7.6 + 1.5 units at HR below 130 bpm (n =6).
Questionnaire responses confirmed a marked recreation-
al effect of the hike, with the student group giving higher

stable positive attitude towards hiking as a means of re-
covery and health enhancement.

The combination of intensive aerobic exertion and time
in a high-altitude environment provides a strong stimulus
for improving young people’s cardiorespiratory function.
The observed pattern of the training effect justifies the use
of hiking as a scientifically grounded means of addressing
physical inactivity in contemporary education. These ob-
servations justify incorporating multi-day routes into phys-
ical education programmes to increase functional reserves
among pupils and students. Further research should extend
mountain routes to 5-7 days to assess the course of adaptive
changes and the duration of the effect more fully. A control
group would also strengthen comparative analysis of en-
durance indicators and permit more precise separation of
the effect of physical load from associated factors.

subjective ratings for every criterion. Improved physical

condition was selected by 78.3% of pupils and 91.7% of Acknowledgements
students; reduced fatigue by 68.3% and 85.0%, respec- None.
tively. Psychological recovery received the highest values, .
with agreement among 88.3% of pupils and 96.7% of stu- Funding
dents. Overall satisfaction with active recreation was also  None.
very high, at 91.7% and 98.3%, corresponding to willing-
ness to participate in similar activities again among 91.7% Conflict of Interest
of pupils and 96.7% of students. These data point to a  None.
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Miwi noxoaun B YKpaiHcbKnx KapnaTtax AK 3acib6 akTMBHOI peKkpeauii
Ta po3BUTKY Pi3UUHOI BUTPMUBANOCTI YYHIBCbKOI Ta CTYAEHTCbKOI Monogi
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AHoTauia. MeToro focmimKeHHs 6y}1a OLIiHKa BI/IVBY TPUAEHHOTO MIiIlIOro MoXoAy B YKpaiHchkyx KapraTax Ha TOKa3HUKI
(bisUIHOI BUTPUBAIOCTI Ta peKpealiiiHnii eeKT i yIHIBCbKOI Ta CTYEeHTChKOI MOTOAL. ¥ JOCTi/)KeHH] B3s/IM y4acTh
120 oci6 (60 yuniB Ta 60 cTymeHTiB), sIKi mpoitun TpugeHHnt Mapupyt (c. Jinose - r. Ilim IBan Mapmapocbkuit — c.
JlinoBe) 3arapHO0 MPOTDKHICTIO 37 KM i3 mepemnagoM BUcoT Bif 350 M o 1 936 M H.p.M. [I1s ouiHKY (YHKIIIOHATBHOTO
CTaHY BUKOPYCTOBYBamucs [apBapchKmil CTen-TecT, 12-xBummnHumit TecT Kynepa, 6esnepepBHMIT MOHITOPUHT 4aCTOTH
CepleBIX CKOPOYeHb, ONMTYBAHHA 3a mIKanowo Jlikepra Ta MeTOmM MaTeMaTMYHOI CTAaTUCTUKN. 3a pe3ylIbTaTaMu
HDOCTiKeHHA micnA moxopy 3adikcoBaHO cTaTMCTMYHO 3Hauyue (p < 0,001) 3pocranHsa iHpexkcy lapsapmcbkoro
cren-tecty Ha 12,4 % B y4HiB Ta 14,2 % y CTyfeHTiB, a TakO>X 30inblIeHHA AucranLii y Tecti Kynepa Ha 8,8 % B 060x
rpynax. AHajii3 KapAiopecnipaTopHoi ciCTeMI IIOKa3aB, 1[0 CTYAEHTH NpallloBall eKOHOMHillle, IPOJIeMOHCTPYBaBIIN
HIDKYY CEPefHIO YacTOTY CeplieBUX CKOPOYeHb Iif dac pyxy (134,2 + 8,5 yu./xB npotn 138,4 +9,2 yn./xB B y4HiB) Ta
HIBY/IIE BiTHOBIEHHS Iy/IbCy Ko piBHA 100 ya./xB (p <0,001). BcTaHOBIEHO MO3UTUBHMIT KOPETALIHNI 3B’ A30K MK
IHTEHCMBHICTIO HaBaHTa)XEHHA Ta IPUPOCTOM IOKA3HMKIB BUTPUBATIOCTI (p =0,74 B yuniB Ta p=0,69 y CTYI[eHTiB),
IO HiATBEP/PKYE JO303a/IeKHICTb TpeHyBanbHOro edexry. Cy6 eKTMBHA OL{iHKA MiATBEPANIA BICOKNUIT PEKpealiiiHimit
MOTEeHIia 3aX0/ly: MOHaZ 88 % yJacHMKIB Bil3HaYM/IN IICUMXO/IOTiYHE BiTHOB/IEHHA, a 91,7 % y4HiB Ta 96,7 % CTy/eHTiB
BUC/IOBWIM Ga)KaHHs IOBTOPUTU MHOXifA. IIpakTuyHa 3HAYMMICTh Pe3y/IbTATiB IONATA€E B HAYKOBOMY OOIPYHTYBaHHI
TPUAEHHUX TiPCHKUX IOXOMIB 5K eeKTUBHOro 3acoby inTeHcudikarii ¢isnynoro Buxosanus. OTpuMaHi fani 6ynyTp
KOPMCHVMU /L1 BUUTEIIB Ta TpeHepiB Ipu audepeHuianii pisMyHMX HaBaHTaXKeHb IJIs PiSHUX BiKOBUX IPYIL, @ TAKOXK 11
(daxiBiB, sIKi 3aiIMaOTHCsI pO3POOKOI0 03[0POBYMX ITPOrPaM, CIIPSIMOBAHNUX Ha MOJOIAHHS TiOfMHAMII Ta 3MillHEHHS
KapAiopecnipaTopHoi cucTeMu MOIOAL

KntouyoBi cnoBa: apjanrauis; TpeHyBaabHMIT edeKT; BiKOBi BifMIHHOCTI; TreHIepHi BiAMIHHOCTI; KapaiopecmipatopHa
cucreMa
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Abstract. The aim was to establish the effectiveness of applying a corrective approach in the physical education of
students within higher education institutions. The methodology included a comparative analysis of traditional and
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Skovoroda University in Pereiaslav. The results confirmed the need to reorient the physical education system in higher
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the control group, following the conclusion of the experiment, a slight increase in average physical fitness scores was
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education programme within the physical education system of higher education institutions and when improving

health programmes for students

Keywords: functional state of the body; individual characteristics of students; level of physical activity; educational

process; adaptive capacity

Introduction

Improving the effectiveness of physical training for stu-
dents in higher education institutions is one of the main
objectives of the educational process, as it ensures the
strengthening of health, the development of physical quali-
ties and the formation of sustained motivation for physical
activity. During the learning process, an insufficient level of
physical activity among students is observed, which neces-
sitates the search for effective means of improving physical
condition and optimising physical education curricula. The
use of corrective physical education programmes allows for
a targeted influence on the development of physical quali-
ties, takes into account students’ individual characteristics,
and enhances the effectiveness of the teaching and training
process. At the same time, the issue of the effectiveness of
such programmes within the physical training system for
students at higher education institutions requires further
scientific justification and empirical verification, which de-
termines the relevance of this study.

Improving the physical training of students at high-
er education institutions through the implementation of
corrective physical education programmes is regarded as
an effective way of increasing the level of physical activity
and developing physical qualities. In the study by H. Al-
iriad et al. (2024), the impact of using traditional games
in the physical education process on motivation to learn
and the development of motor skills was analysed. A pos-
itive trend in the development of physical abilities and an
increase in students’ interest in physical activity were es-
tablished. The development of innovative approaches to
organising physical education and health-promoting activ-
ities in higher education was highlighted by O. Bozhok &
S. Kuryliuk (2025), who examined methods for optimising
the physical education teaching process. An analysis of the
implementation of new technologies and methodological
solutions was carried out, confirming their positive impact
on the quality of students’ physical training. The results
indicate an increase in the effectiveness of classes and the
adaptation of programmes to the individual needs of stu-
dents. The relationship between teaching models and stu-
dents’ level of physical fitness was explored in the article
by H. Candra et al. (2023), which investigated the impact
of project-based learning and the case study method. Indi-
cators of students’ physical fitness and health status were
analysed, which allowed the positive impact of integrated
educational models to be established. The data obtained
confirm the effectiveness of a comprehensive approach to
physical education.

Medical and pedagogical approaches to physical educa-
tion for students were discussed by V. Grinko et al. (2024),
who examined therapeutic physical education in higher
education institutions. The organisation of remedial class-
es and their impact on the physical condition of students
with varying levels of fitness are described. The results ob-
tained demonstrate the effectiveness of therapeutic physi-
cal education in restoring and improving motor functions.

Innovative methods of teaching physical education in high-
er education are presented by I. Lutsenko et al. (2025), who
analysed approaches to organising the educational process.
The implementation of the latest methodologies, which
contributes to improving the quality of students’ physical
training, is examined. An increase in the effectiveness of
training and the level of physical activity among students
has been recorded. The integration of physical education
with medical approaches was investigated by Y. Niu (2023),
who analysed the use of educational technologies in the
teaching of physical education. The combination of peda-
gogical and medical knowledge was considered as a factor
in improving students’ physical condition. The importance
of a comprehensive approach to organising physical train-
ing in higher education institutions is emphasised. The ap-
plication of digital technologies in physical education was
analysed by S. Pérez-Mufioz et al. (2024), who examined
the use of virtual and augmented reality. The impact of
technologies on motivation and learning effectiveness was
identified. The data obtained confirm the potential of digi-
tal tools in improving the quality of physical education.

Factors influencing learning outcomes in physical edu-
cation were examined by R. Sepriani et al. (2024), who an-
alysed the relationship between physical fitness, nutritional
status and self-assessment. The influence of students health
indicators on academic achievement was established. The
results highlighted the need for a comprehensive approach
to the development of physical fitness. An assessment of the
quality of physical education based on fuzzy logic is pre-
sented by W. Yang & C. Li (2024), who developed criteria
for analysing the effectiveness of the educational process.
Mathematical modelling was applied to assess the quality
of classes and identify key influencing factors. The results
obtained allow for an increase in the objectivity of assessing
students’ physical fitness. The impact of functional correc-
tive training on students movement patterns and physi-
cal fitness was investigated by Z. Zhang et al. (2024), who
analysed the results of experimental sessions. Changes in
physical fitness following the application of corrective ex-
ercises and positive improvements in motor performance
were recorded. The data obtained confirm the effectiveness
of corrective programmes in students’ physical education.

Despite the aspects highlighted by the aforementioned
researchers, the long-term impact of corrective physi-
cal education programmes on the dynamics of physical
fitness among students in higher education institutions
remains insufficiently explored in the literature. There is
limited comparative analysis of the effectiveness of differ-
ent models of corrective methods across various levels of
students’ physical condition. The integration of corrective
programmes into the standard physical education curric-
ulum, taking into account the individual characteristics of
students, requires further study.

The aim of the study was to determine the effective-
ness of the physical education programme on the level of
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physical fitness of students at higher education institutions.
The objectives of the study were to conduct a comparative
analysis of traditional and corrective physical education
programmes in the process of students’ physical training; to
carry out a pedagogical experiment to determine the effec-
tiveness of implementing the corrective programme; and to
develop practical recommendations for improving physical
education for students in higher education institutions.

Materials and Methods

In the study of the effectiveness of applying a corrective
physical education programme in the physical training of
students at higher education institutions, a three-stage ped-
agogical experiment was conducted, comprising the initial
(descriptive), formative-control and final (summary) stag-
es. At the initial (descriptive) stage of the study, a compar-
ative analysis was carried out of the traditional and correc-
tive physical education programmes for students at higher
education institutions (Working programme..., 2022;
Yevtyfiieva, 2024). The comparison of the traditional and
remedial physical education programmes was carried out
according to the criteria of purposefulness, organisation
of classes, individualisation of the workload, consideration
of health status, content of teaching material, motivational
component, monitoring system, role of the teacher, level of
student activity, programme flexibility and expected out-
comes of physical training.

The formative-control stage involved the direct imple-
mentation of the pedagogical experiment between Febru-
ary and June 2025. The study was conducted at Hryhorii
Skovoroda University in Pereiaslav over the course of one
academic semester (4-5 months), using a face-to-face for-
mat for classes with elements of digital support (online
recording of results and monitoring of students’ physical
activity). The total sample comprised 120 students aged 17-
21, of whom 60 were assigned to the control group (CG)
and 60 to the experimental group (EG). The sample includ-
ed both men and women in an equal 1:1 ratio. The control
and experimental groups were formed on the principle of
an even distribution of students, taking into account indi-
cators of physical condition and level of physical fitness.

The inclusion criteria for the study were membership of
the main or preparatory medical group, the absence of con-
traindications to physical exercise, and regular attendance
at physical education classes. The exclusion criteria were
the presence of chronic diseases in the acute phase, absenc-
es exceeding 30% of classes, and refusal to participate in the
experiment.

All participants were informed of the study’s objectives
and gave their voluntary consent to participate (American
Sociological Association, 1997); the study was conducted
in accordance with ethical standards of academic integri-
ty and data confidentiality. Students in the control group
followed the traditional physical education programme
set out in the higher education institution’s curriculum. In
the experimental group, a 17-week corrective physical ed-
ucation programme developed by the authors was imple-
mented, comprising three sessions per week, each lasting
80 minutes and divided into a warm-up (15 mins), main
session (50 mins) and cool-down (15 mins), with correc-
tive exercises incorporated at each stage. The intensity of
the workload varied between 60-80% of maximum heart
rate, with a gradual increase to 80-85% by the end of the
programme in accordance with the principle of progressive
overload. The total volume of physical exercise was regu-
lated by increasing the number of repetitions, sets and the
complexity of the exercises whilst maintaining a controlled
level of intensity. Individualisation was ensured by prelim-
inary testing of the students’ physical condition, division
into conditional subgroups based on fitness level, and ad-
justment of the workload in accordance with the functional
capabilities of each participant. In parallel, an initial assess-
ment of the students” physical condition and fitness levels
was carried out using standardised fitness tests (in accord-
ance with state standards for physical education of stu-
dents), anthropometric measurements and functional tests.
The results obtained served as a basis for further compar-
ison of changes during the experiment. The programme’s
effectiveness was assessed by students completing a set of
diagnostic physical fitness tasks and using standardised
scales for evaluating physical condition. Table 1 presents
the set of diagnostic indicators.

Table 1. Set of diagnostic indicators of students’ physical condition and physical fitness

Diagnostic indicator

Things assessed

100 mrun

Level of speed qualities

1,000 m run (women) / 2,000 m run (men)

Level of general endurance

Pull-ups (men) / push-ups (women) Upper body strength
Squatsin1minute Strength endurance
Forward bend from a sitting position Flexibility

4x9m shuttle run

Coordination and agility

Plank

Static core endurance

Standing long jump

Explosive strength of the lower limbs

Resting heart rate

Functional status of the cardiovascular system

Ruffier test Adaptive capacity and functional status of the cardiovascular system
Body mass index (BMI) Body mass index
Posture assessment Postural status and presence of postural abnormalities

Level of physical activity

Intensity and regularity of physical activity

Self-assessment of physical condition

Subjective perception of one’s own physical condition

Level of motivation to engage in physical activity

Level of interest and motivation for physical activity

Source: compiled by the authors based on the World Health Organization (n.d.), New York Posture Rating Scale (n.d.)
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For questionnaire indicators, assessment was carried
out on a five-point scale (from 1 to 5 points), where 1 point
corresponded to alow level of indicator development, and
5 points to a high level of correct execution, technique,
stability of results and positive individual dynamics. The
above scores took into account correctness of execution,
technique, stability of results and individual dynamics of
the indicators. Body mass index (BMI) and posture as-
sessment using the New York Posture Rating Scale (n.d.)
were adapted to a five-point Likert scale to ensure a stand-
ardised quantitative assessment, comparison of results,
and subsequent statistical analysis of the data obtained.
The raw results of the diagnostic tests were recorded in
their respective units of measurement, after which they
were converted to a five-point rating scale for summari-
sation and comparison, in accordance with standard or
developed criteria. Methods of mathematical statistics
were applied to process the results obtained, including
the calculation of the arithmetic mean (M) and standard
deviation (SD); the level of statistical significance was set
at p <0.05. Statistical data processing was carried out us-
ing Excel. At the final (summary) stage, based on the es-
tablished changes in the students’ physical condition and
fitness indicators, practical recommendations were de-
veloped for optimising the physical training of students,
in particular regarding the individualisation of training
loads, the integration of corrective exercises into training
sessions, and increasing students’ motivation for regular
physical activity.

Results
Against the backdrop of the transformation of the high-
er education system, the issue of maintaining and im-
proving the health of students is becoming increasingly
relevant (Woessner et al., 2021). The intensity of the ac-
ademic workload, the increasing volume of information,
a sedentary lifestyle and the widespread use of digital
technologies are leading to a decline in students’ levels
of physical activity and, consequently, to a deterioration
in their physical condition. Physical education in high-
er education institutions is no longer limited to a pure-
ly academic and regulatory function and is increasingly
taking on a health-promoting and corrective focus. This
is precisely why the implementation of effective correc-
tive physical education programmes, capable of adapting
the content of classes to students” individual needs and
ensuring a comprehensive impact on their bodies, is be-
coming increasingly important (Babaeer et al., 2022). The
concept of “students” physical training’ is viewed in ac-
ademic discourse as a purposeful process of developing
physical qualities, the body’s functional capabilities, and
the formation of motor skills and abilities necessary for
maintaining health and ensuring fitness for work in the
context of academic activities (Piores et al., 2023). At the
same time, “physical condition” is interpreted as an inte-
gral characteristic reflecting the level of physical develop-
ment, the functional state of the body’s main systems, and
the degree of adaptation to physical exertion. A decline in
these indicators among students indicates the need to im-
prove traditional approaches to the organisation of phys-
ical education classes. In this context, the essence of the
concept of a “corrective physical education programme” is

clarified (Buja et al., 2024). This should be understood
as a scientifically grounded system of specially selected
physical exercises and methodological techniques aimed
at eliminating or reducing deviations in physical devel-
opment and the functional state of the body, as well as
optimising the level of physical fitness. Unlike tradition-
al physical education programmes, which are primarily
based on average statistical standards, corrective pro-
grammes involve individualising the workload, taking into
account medical indicators, fitness levels and the specific
characteristics of each student’s physical development.

On the one hand, there is a need to improve the phys-
ical health of students and foster a lasting motivation for
physical activity; on the other hand, traditional forms of
organising classes do not always ensure the achievement of
these goals. A standardised approach to physical education
often fails to take into account students” individual char-
acteristics, which reduces the effectiveness of the learning
process and does not fully promote the development of key
physical qualities (Deliens et al., 2015). Another aspect is
that research in the field of physical education increasing-
ly emphasises the need to integrate health-promoting and
corrective components into the structure of classes. This
is because some students have various functional impair-
ments, postural problems, insufficient physical fitness or
low levels of physical activity. In such circumstances, the
use of universal programmes is insufficiently effective,
whereas corrective approaches allow for a targeted impact
on problematic aspects of physical condition (Edelmann et
al., 2022). Furthermore, corrective physical education pro-
grammes contribute not only to improving physical perfor-
mance but also to fostering a responsible attitude towards
one’s own health, developing self-control, and increasing
motivation for regular physical activity. They create con-
ditions for more conscious student participation in the
physical education process, which is a factor in achieving
long-term positive results.

In the scientific literature, the issue of the effective-
ness of remedial programmes is examined from various
angles; however, their comprehensive impact on students’
physical condition and fitness levels specifically within
the context of the educational process at higher education
institutions remains under-researched. This necessitates
empirical research aimed at comparing indicators of stu-
dents’ physical development and functional condition be-
fore and after the implementation of such programmes, as
well as determining their relevance in the practice of phys-
ical education (Kljajevi¢ et al., 2022) and the effectiveness
of applying a corrective physical education programme
in the physical training of higher education students is
relevant from both a theoretical and practical perspec-
tive. Resolving this issue will contribute to improving the
physical education system, raising the physical fitness lev-
els of students, and fostering a need for a healthy lifestyle
among them. To systematise the theoretical and analytical
findings and provide a more thorough justification for the
feasibility of introducing a corrective physical education
programme into the physical training of students, a com-
parative analysis of traditional and innovative approaches
to organising classes was carried out. A summary of the
key differences according to the specified criteria is pre-
sented in Table 2.
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Table 2. Comparative characteristics of traditional and corrective physical education programmes
in the physical training of higher education students

Comparison criterion Traditional physical education programme Remedial physical education programme
Aims and focus Focus on achieving standard physical fitness Focus onimproving p.hy§|FaI condition, correcting deviations and
benchmarks individual development
- Standardised, geared towards the average level of | Differentiated and individualised, taking into account students’
Approach to organising classes . .
the group physical abilities

Content of the teaching material

Standardised, limited to typical exercises

Varied, including corrective, health-promoting, functional and
preventive exercises

Individualisation of workload

Minimal or non-existent

High, based on initial assessment of physical condition

Consideration of health status

Partial, mainly by medical groups

Comprehensive, taking into account functional indicators and
individual characteristics

Development of physical qualities

General, without a clear focus on correction

Targeted development with an emphasis on underdeveloped
qualities

Health-improvement focus

Secondary, not always systematic

Priority, integrated into the content of each session

Monitoring and assessment

Predominantly normative (pass marks)

Comprehensive (dynamics of indicators, functional status,
well-being)

Use of functional tests

Limited

Systematic use to assess adaptive capacity

Motivational component

External motivation (tests, grades)

Development of intrinsic motivation and a conscious attitude
towards health

The role of the instructor

Instructor supervising the exercises

Advisor and facilitator of the student's individual development

Student activity Often passive and compliant Active, involving self-monitoring and self-assessment
Flexibility of the programme Low, strictly regulated High, adapts to the needs of the group and individual students
Use of technology Limited Digital monitoring and fitness tracking may be used

Expected outcomes Achievement of minimum standards Improved physical condition, enhanced functional capabilities

and sustained motivation

Source: compiled by the authors based on the Working programme for the subject “Physical Education” (2022), LI. Yevtyfiieva (2024)

The theoretical, analytical and comparative analysis
conducted has shown that traditional physical education
programmes, which are primarily focused on normative in-
dicators, do not sufficiently take into account the individual
characteristics of students” physical condition, whereas cor-
rective programmes are characterised by adaptability, indi-
vidualisation of the workload and a comprehensive impact
on the body’s functional state. It has been established that
the effectiveness of physical training depends on the con-
sideration of the initial level of fitness, optimal workload
dosing, and the development of motivation for physical

activity. A synthesis of the results confirmed the advisabil-
ity of using corrective physical education programmes in
higher education institutions as a more effective approach
to improving the physical condition and fitness of students.
To verify the effectiveness of implementing the corrective
physical education programme and to identify changes in
students’ physical condition and fitness levels, a pedagogi-
cal experiment was conducted. A comparative analysis of
the results of the control and experimental groups before
and after the programme was carried out. The summarised
results of the study are presented in Table 3.

Table 3. Results of the assessment of physical condition and fitness indicators of students
in the control and experimental groups before and after the pedagogical experiment

Diagnostic indicators | CG before M+SD CG after M+SD EG before M+SD EG after M+SD
1-12% 1-8% 1-14% 1-3%
2-25% 2-20% 2-28% 2-10%
100 m run 3-33% 2.91+1.08 3-35% 3.13£1.02 3-32% 2.78£1.07 3-25% 3.70+0.95
4-20% 4-25% 4-18% 4-38%
5-10% 5-12% 5-8% 5-24%
1-15% 1-10% 1-18% 1-4%
2-27% 2-22% 2-30% 2-12%
1,000/2,000 m run 3-30% 2.81+1.12 3-33% 3.05+1.05 3-28% 2.66+1.09 3-26% 3.62+098
4-18% 4-23% 4-16% 4-34%
5-10% 5-12% 5-8% 5-24%
1-20% 1-15% 1-22% 1-5%
Pull-ups / arm curls 2-30% 2-25% 2-32% 2-14%
and extensions 3-25% 265+1.15 3-30% 2.87+1.10 3-24% 254112 3-28% 3.50+1.00
4-15% 4-18% 4-14% 4-32%
5-10% 5-12% 5-8% 5-21%
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Table 3, Continued
Diagnostic indicators | CG before M=SD CG after M+SD EG before M+£SD EG after M=SD

1-10% 1-6% 1-12% 1-3%
2-22% 2-18% 2-25% 2-10%

Squatsin1min 3-35% 3.01£1.03 3-36% 3.22+097 3-33% 2.91:1.05 3-27% 3.69:094
4-23% 4-28% 4-20% 4-35%
5-10% 5-12% 5-10% 5-25%
1-8% 1-5% 1-10% 1-2%
2-20% 2-18% 2-22% 2-8%

Flexibility 3-30% 3.20+1.01 3-32% 3.32:0.98 3-30% 3.09+1.03 3-22% 3.84+0.90
4-28% 4-30% 4-25% 4-40%
5-14% 5-15% 5-13% 5-28%
1-14% 1-10% 1-16% 1-3%
2-26% 2-20% 2-28% 2-12%

Shuttle run 3-32% 2.84+1.09 3-35% 3.07+1.02 3-30% 2.74+1.08 3-25% 3.66+0.96
4-18% 4-23% 4-18% 4-36%
5-10% 5-12% 5-8% 5-24%
1-18% 1-12% 1-20% 1-4%
2-28% 2-25% 2-30% 2-12%

Reference 3-30% 268+1.11 3-33% 2.91+1.05 3-28% 260+1.10 3-26% 3.62+0.97
4-16% 4-20% 4-14% 4-34%
5-8% 5-10% 5-8% 5-24%
1-12% 1-8% 1-14% 1-3%
2-24% 2-20% 2-26% 2-10%

Long jump 3-34% 2.92+1.06 3-36% 312+1.00 3-32% 2.84+1.05 3-25% 3.70+0.94
4-20% 4-24% 4-18% 4-38%
5-10% 5-12% 5-10% 5-24%
1-10% 1-6% 1-12% 1-2%
2-20% 2-18% 2-24% 2-8%

Heartrate (HR) 3-35% 3.05+1.02 3-34% 3.26+0.98 3-32% 2.94+1.03 3-24% 3.82:091
4-25% 4-28% 4-22% 4-38%
5-10% 5-14% 5-10% 5-28%
1-16% 1-10% 1-18% 1-3%
2-28% 2-24% 2-30% 2-12%

Rufier test 3-30% 2.76+1.10 3-32% 3.02+1.03 3-28% 2.66+1.09 3-26% 3.66+0.96
4-16% 4-22% 4-16% 4-34%
5-10% 5-12% 5-8% 5-25%
1-8% 1-5% 1-10% 1-2%
2-18% 2-16% 2-20% 2-10%

BMI 3-36% 316+098 3-35% 3.34+0.94 3-34% 3.08+1.00 3-26% 3.74+0.92
4-26% 4-28% 4-24% 4-36%
5-12% 5-16% 5-12% 5-26%
1-12% 1-8% 1-14% 1-3%
2-22% 2-20% 2-24% 2-10%

Posture 3-34% 2.96+1.04 3-35% 3.13+1.00 3-32% 2.88+1.03 3-25% 372+093
4-22% 4-25% 4-20% 4-36%
5-10% 5-12% 5-10% 5-26%
1-10% 1-6% 1-12% 1-3%
2-25% 2-20% 2-28% 2-10%

Physical activity 3-35% 2.95+1.05 3-36% 3.20+1.00 3-32% 2.86+1.06 3-25% 3.73+0.94
4-20% 4-24% 4-18% 4-35%
5-10% 5-14% 5-10% 5-27%
1-12% 1-8% 1-14% 1-2%
2-24% 2-20% 2-26% 2-10%

Self-assessment 3-34% 2.92+1.05 3-35% 3.14+1.00 3-32% 2.84+1.05 3-24% 378091
4-20% 4-24% 4-18% 4-36%
5-10% 5-13% 5-10% 5-28%
1-15% 1-10% 1-16% 1-3%
2-25% 2-22% 2-28% 2-10%

Motivation 3-30% 2.85+1.09 3-32% 3.06+1.03 3-30% 2.74+1.08 3-25% 3.74+0.95
4-20% 4-24% 4-18% 4-34%
5-10% 5-12% 5-8% 5-28%

Source: compiled by the authors based on World Health Organization (n.d.) and the New York Posture Rating Scale (n.d.)

‘ 74 Theory and Practice of Physical Culture and Sports, 2026, Vol. 5, No. 1



Pyvovar et al

Analysis of the results of the formative-control phase
of the study revealed positive trends in indicators in both
the control and experimental groups; however, the nature
and severity of these changes differ. In the control group,
the changes are moderate in nature and fluctuate within the
range of a slight increase in mean values for most indica-
tors (by an average of 0.15-0.25 points), which indicates the
natural effect of systematic training under the traditional
physical education programme. At the same time, in the
experimental group, a marked positive trend in the growth
of indicators is observed (within the range of 0.70-1.00
points), covering all the physical qualities and functional
parameters under study, including endurance, strength,
coordination, flexibility and cardiovascular system indica-
tors. Notable are the changes in the distribution of scores:
whilst at the initial stage both groups were dominated by
average scores (3 points) and a proportion of low scores
(1-2 points), after the experiment concluded, a shift in the
distribution towards high scores (4-5 points) was observed
in the experimental group, the proportion of which exceed-
ed 60% in most tests. In contrast, in the control group, this
trend was weaker and not systematic, confirming the limit-
ed effectiveness of the traditional approach.

A summary of the mean values allows to conclude
that the overall physical fitness score in the control group
increased from approximately 2.90 + 1.05 to 3.10 + 1.00,
whereas in the experimental group it rose from 2.80 £ 1.06
to 3.70 £ 0.94, indicating a greater improvement in results
under the influence of the corrective programme. At the
same time, a reduction in standard deviation is also ob-
served in the experimental group, indicating a more uni-
form improvement in indicators among students and an
increase in the homogeneity of the group. For the control
group, the calculated value of t is approximately 1.85, which
corresponds to a significance level of p >0.05 and indicates
the absence of statistically significant changes. In contrast,
for the experimental group, the value of t is approximately
5.60, which corresponds to a level of p<0.001 and confirms
the high statistical significance of the results obtained.
When comparing the final indicators between the control
and experimental groups, a t-value of =3.90 was obtained
at p<0.01, which further confirms the effectiveness of the
implemented remedial programme.

Thus, the results obtained indicate that the implemen-
tation of a corrective physical education programme en-
sures a higher level of improvement in students’ physical
condition and fitness compared to the traditional physical
education system. The changes identified are not only quan-
titative but also qualitative in nature, as evidenced by an in-
crease in the proportion of high results, an improvement in
the body’s functional condition, and a rise in motivation to
engage in physical education. This justifies the widespread
implementation of remedial programmes in the physical
education practice of higher education institutions.

The results of the study have enabled the formulation
of practical recommendations for improving the physical
fitness of students, which can be implemented into the
physical education system of higher education institu-
tions, taking into account the identified positive trends in
the physical condition and fitness indicators of students
in the experimental group. The implementation of these
recommendations involves a comprehensive approach to

organising physical education classes based on individual-
ised training loads, regular monitoring of functional status,
and increasing motivation for systematic physical activity.
The results obtained demonstrated that the use of a differ-
entiated approach led to an increase in the comprehen-
sive physical fitness index in the experimental group from
2.80+1.06 to 3.70 £ 0.94, whereas in the control group the
increase was insignificant, amounting to only about 0.20
points. This confirmed the advisability of moving from a
standardised model of organising classes to an individu-
alised one, which takes into account the students’ initial
level of physical fitness, the functional state of the body
and the characteristics of physical development. Initial as-
sessment of physical condition should include evaluation
of endurance, strength, coordination, flexibility, heart rate,
the Ruffier test, posture indicators and body mass index.
The results obtained allow for the formation of student sub-
groups according to their level of fitness and for the adjust-
ment of training intensity. In particular, among students
in the experimental group, following the implementation
of the corrective programme, endurance scores increased
from 2.66 +1.09 to 3.62 £ 0.98 points, upper body strength
from 2.54+1.12 to 3.50+ 1.00 points, and flexibility - from
3.09 £ 1.03 to 3.84 +0.90 points, confirming the effective-
ness of individually tailored training loads and the gradu-
al progression of exercises. For students with low levels of
endurance, it is advisable to use moderate interval training
with a gradual increase in duration, whilst for more fit stu-
dents, the use of prolonged aerobic or functional circuits
with additional coordination tasks is effective.

The study results confirmed the effectiveness of in-
tegrating adaptive exercises directly into the structure of
the training session. The most appropriate approach is to
organise an 80-minute session divided into a preparatory
phase (15 mins), a main phase (50 mins) and a concluding
phase (15 mins), with adaptive exercises used at each stage.
In the preparatory part, it is advisable to use functional
warm-up and joint mobilisation exercises; in the main part,
circular or functional exercise routines; and in the conclud-
ing part, recovery and stretching exercises. The results ob-
tained regarding posture improvement in the experimental
group, from 2.88+1.03 to 3.72+0.93 points, confirmed the
effectiveness of the systematic use of exercises to strengthen
the back muscles, stabilise the core and improve joint mo-
bility. It was established that the combination of strength,
coordination and functional exercises improved shuttle
run results from 2.74+1.08 to 3.66 +0.96 points and plank
performance from 2.60 £ 1.10 to 3.62+0.97 points. The use
of a varied workload, with alternating exercises of differ-
ent intensity and focus, proved effective, ensuring not only
the development of physical qualities but also a reduction
in the monotony of training sessions. It is advisable to use
bodyweight exercises, resistance bands, fitness balls and
elements of functional training, which simultaneously ac-
tivate several muscle groups and improve students’ coor-
dination skills. Regular monitoring of physical condition
should be carried out using objective and subjective indica-
tors. Retesting every 4-6 weeks allows for tracking chang-
es over time and adjusting the training programme in line
with the results obtained.

The study results demonstrated the feasibility of us-
ing digital tools to monitor students’ physical activity and
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develop self-monitoring skills. The use of electronic phys-
ical activity diaries, mobile apps or fitness trackers allows
for monitoring of physical activity levels, heart rate and the
volume of exercise performed. It was found that the intro-
duction of motivational mechanisms had a positive impact
on students’ engagement in physical education classes, as
motivation scores in the experimental group increased
from 2.74+1.08 to 3.74 £ 0.95 points, and the level of phys-
ical activity rose from 2.86 + 1.06 to 3.73 £ 0.94 points. This
confirmed the effectiveness of using gamification elements,
mini-competitions, team tasks and individual tracking of
students’ progress. It is advisable to combine compulsory
physical education classes with optional forms of physical
activity, including health-improving gymnastics, function-
al training, fitness programmes or sports clubs, in accord-
ance with the students’ fitness levels. The organisation of
physical education should involve collaboration between
teachers, healthcare professionals and the educational in-
stitution’s administration to ensure timely adjustments to
physical workloads and the development of individual rec-
ommendations. The results obtained confirmed that the
implementation of a corrective programme ensures not
only an improvement in students’ physical condition but
also the development of sustained motivation for regular
physical activity, which justifies the need to modernise the
physical education system by integrating adaptive and indi-
vidualised approaches.

Discussion

The findings of this study allow to consider the issue of
physical fitness among students within the broader con-
text of changes in the educational environment, where
there is a combination of increasing academic workload,
the digitalisation of the learning process, and a decline in
levels of physical activity. Under such conditions, the tra-
ditional model of physical education is gradually losing its
effectiveness, as it fails to fully ensure the individualisation
of the workload, the timely correction of functional de-
viations, and an adequate level of student motivation for
systematic physical activity. At the same time, the intro-
duction of corrective physical education programmes cre-
ates the conditions for a more targeted impact on students’
physical condition, ensuring the integration of diagnostic,
health-improving and developmental components into a
single pedagogical system. The analysis of empirical data
allows not only to record changes in the level of physical
fitness, but also to track qualitative shifts in the structure of
physical development and the motivational sphere.

The study found that learning conditions in high-
er education institutions are accompanied by a decline
in students’ physical activity and a deterioration in their
physical condition; this is consistent with N. Albujulaya et
al. (2024), who analysed physical activity policies and de-
termined that social and educational conditions reduce the
level of physical engagement among young people. The re-
searchers examined progress and challenges in the field of
physical activity and noted that systemic constraints within
the learning environment directly contribute to a reduction
in students’ physical activity. It was found that the tradi-
tional physical education system is predominantly focused
on normative requirements and does not sufficiently take
into account students’ individual characteristics. This is

highlighted in the work of ]. Blegur & S. Hardiansyah (2024),
who analysed publications on differentiated instruction in
physical education. The researchers reviewed educational
approaches in recent years and noted that standardised
models are gradually losing their effectiveness due to in-
sufficient adaptation to the individual needs of learners. It
is argued that a uniform approach to physical education
does not provide a sufficient adaptive and health-promot-
ing effect. This view was partly reflected in the work of
S. Baena-Morales & S. Gonzalez-Villora (2022), who inves-
tigated the role of physical education in achieving sustain-
able development goals. The authors analysed educational
frameworks and noted that traditional approaches require
modernisation to enhance the health-promoting and social
benefits of the learning process.

It has been demonstrated that some students have
functional impairments and low levels of physical activity;
this is consistent with the findings of ]. Deng et al. (2023),
who investigated the relationship between physical activity
and students’ life satisfaction. The authors analysed the role
of self-efficacy and psychological resilience and noted that
low activity is accompanied by a deterioration in both phys-
ical and psychological indicators. It has been established
that remedial physical education programmes allow for a
more targeted influence on students’ physical development;
this is consistent with J. Blegur & S. Hardiansyah (2024),
who examined differentiated approaches in physical edu-
cation. The researchers analysed pedagogical models and
noted that individualisation is a key factor in enhancing the
effectiveness of physical development. It was found that an
adaptive approach ensures flexible adjustment of physical
workload in accordance with students’ fitness levels; this is
consistent with Q. He et al. (2024), who investigated the
use of interactive technologies in physical education. The
authors examined the possibilities of digital analysis and
noted that technological support allows for precise adjust-
ment of the workload in accordance with individual indica-
tors. It has been shown that the integration of a diagnostic
component is a prerequisite for the effective organisation
of classes, which is consistent with L.H. Hsia et al. (2024),
who investigated the application of Al in reflective prac-
tice in physical education. The researchers analysed self-as-
sessment mechanisms and noted that regular assessment
improves the quality of the learning process. The author
substantiated the advisability of combining health-improv-
ing, functional and preventive exercises in classes, which is
consistent with A. Khanbeiki (2024), who investigated the
impact of physical activity on mental health and academ-
ic performance. The author analysed the effects of physical
exercise and noted that a comprehensive approach provides
a broader health-promoting effect. It has been established
that corrective programmes contribute to the harmonious
development of students’ physical qualities; this is con-
sistent with W. Zheng et al. (2023), who investigated the
relationship between physical fitness and well-being. The
researchers examined the motivational and emotional as-
pects of physical activity and noted that the development
of physical qualities is directly linked to general well-being.
It has been proven that an individualised approach has a
positive effect on the body’s adaptive capacity, which is con-
sistent with the findings of Y. Li & K. Guo (2023), who in-
vestigated the relationship between physical activity, sleep
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and psychological adaptation. The authors analysed the
socio-behavioural aspects and noted that individualisation
promotes better adaptation of students to physical demands.

It was found that the adaptive model increases stu-
dents’ awareness of their own physical condition, which is
consistent with EZ. Mu et al. (2024), who investigated the
impact of physical exercise on emotional regulation. The
researchers analysed self-control mechanisms and noted
that physical activity promotes greater awareness of one’s
own condition. It has been shown that the motivational
component is strengthened under conditions of individ-
ualised learning, which is consistent with D. Zhihao et
al. (2024), who investigated the impact of physical activity
on motivational and behavioural factors. The authors an-
alysed the role of self-assessment and noted that individ-
ualised approaches increase motivation to exercise. It has
been established that adaptive approaches reduce imbal-
ances in physical fitness, which is consistent with the find-
ings of M. Liu et al. (2024), who investigated the impact
of physical activity on stress levels and psycho-emotional
state. The researchers examined adaptive mechanisms and
noted that physical activity contributes to the equalisation
of functional indicators. Corrective physical education
programmes ensure a higher level of adaptation of physical
loads to students’ individual capabilities compared to tradi-
tional approaches to physical education. The individualis-
ation of the workload enhances the effectiveness of physi-
cal development and improves the functional condition of
students’ bodies. This assertion is supported by the research
of A.H. Rakha (2023), who investigated the effectiveness
of interactive teaching methods in physical education. The
author analysed educational technologies and noted that
regular monitoring enhances the effectiveness of assess-
ment. It was found that the implementation of adaptive
programmes ensures stable positive development dynam-
ics; this is consistent with X. Song (2024), who investigated
the use of artificial intelligence in physical education. The
researcher examined technological models of teaching and
noted that a systematic approach ensures the stability of re-
sults. It has been demonstrated that varied training meth-
ods enhance the effectiveness of sessions, which is consist-
ent with G. Flores-Aguilar et al. (2023), who investigated
the effectiveness of gamification in physical education. The
authors analysed pedagogical innovations and noted that
variety increases student engagement.

It has been established that the use of digital technolo-
giesin physical education broadens the scope for monitoring
physical activity and developing students’ self-management
skills. The use of fitness trackers, electronic diaries and mo-
bile apps increases motivation to engage in regular physical
activity. This view is consistent with the work of Q. He et
al. (2024), who investigated the role of Al in physical edu-
cation. The researchers analysed digital monitoring systems
and noted that technology improves the accuracy of moni-
toring. It is concluded that a corrective programme is more
effective than the traditional model of physical education;
this is consistent with the findings of T. Xiao et al. (2024),
who investigated the relationship between physical activity,
motivation and well-being. The authors analysed the results
of empirical studies and noted that modernised approach-
es yield better indicators of physical and psycho-emotional
well-being. The study conducted enabled a comprehensive

analysis of the effectiveness of implementing an adaptive
physical education programme in the physical training of
students at higher education institutions and established its
advantages over the traditional physical education system.
A synthesis of theoretical principles and the results of the
pedagogical experiment demonstrated that current educa-
tional conditions require a reorientation of physical educa-
tion from a standard-oriented model to an individualised
and health-improvement/corrective one. It was found that
the application of a corrective approach ensures a more
pronounced positive trend in physical fitness, promotes the
harmonious development of physical qualities, improves
the functional state of the body, and increases students’
motivation for regular physical activity. It has been con-
firmed that the integration of diagnostic procedures, varia-
ble workloads and individualised programmes contributes
to increasing the effectiveness of the physical education
teaching process, as well as fostering a more conscious atti-
tude among students towards their own health. It has been
established that the corrective programme ensures not only
a quantitative increase in physical fitness indicators but also
qualitative changes in the structure of physical activity and
the body’s adaptive capabilities. Thus, the research results
confirm the advisability of introducing corrective physical
education programmes into the physical education system
of higher education institutions as a more effective tool for
improving the physical condition of students. Prospects
for further research relate to refining methods for indi-
vidualising physical exercise, expanding the use of digital
monitoring technologies, and developing adaptive mod-
els of physical education for different groups of students.

Conclusions
In the course of the study, the effectiveness of applying a
corrective physical education programme in the physical
training of students at higher education institutions was the-
oretically substantiated and experimentally verified. Based
on an analysis of scientific and methodological sources, it
was established that the traditional physical education sys-
tem does not provide a sufficient level of individualisation
of the workload and does not fully take into account the
functional capabilities of students, which limits its impact
on improving physical condition. It has been determined
that the implementation of an adaptive approach, based on
adapting the content of classes to individual characteristics,
has greater health-improving potential. The baseline level
of physical fitness and physical condition of the students
was established, characterised by a predominance of aver-
age and below-average scores (within the range of 2.6-3.1
points on a five-point scale), as well as variability in results
(SD within the range of 1.00-1.12), which indicated the
heterogeneity of the group and varying levels of physical
development. This confirmed the need to implement a dif-
ferentiated approach to the organisation of physical educa-
tion. During the formative stage of the study, the effective-
ness of the proposed corrective programme was confirmed.
It was found that in the control group, where a traditional
system of classes was used, there was a slight improvement
in physical fitness indicators, amounting to an average of
0.15-0.25 points, which is statistically insignificant (t~ 1.85;
p > 0.05). In contrast, the experimental group showed
an increase in results ranging from 0.70 to 1.00 points,
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coveringall parametersstudied, including speed, endurance,
strength, flexibility, coordination and the functional state of
the cardiovascular system. Statistical analysis confirmed the
significance of these changes (t=5.60; p <0.001), indicating
ahigh level of effectiveness of the implemented programme.

A qualitative analysis of the results showed that, un-
der the influence of the corrective programme, there was
not only an increase in average scores but also a change
in the distribution of marks: the proportion of low scores
(1-2 points) decreased, and the proportion of high scores
(4-5 points) increased, exceeding 60% in some tests. A de-
crease in the standard deviation was recorded in the exper-
imental group (to 0.90-0.96), indicating a levelling of stu-

sustained motivation for physical education. Based on the
results obtained, it is recommended to individualise physi-
calloads through preliminary assessment of students’ phys-
ical condition, systematically integrate adaptive exercises
into all parts of the session, apply varied training methods,
and conduct regular monitoring of functional status. It is
also advisable to increase students’ motivation through the
use of interactive forms of classes, competitive elements
and digital means of monitoring physical activity. Pros-
pects for further research lie in expanding the sample size,
extending the duration of the experimental intervention
and studying the effectiveness of corrective programmes
using digital technologies for monitoring physical activity.

dents’ fitness levels and an increase in the homogeneity of
the group. This means that the remedial programme con-
tributes not only to raising the overall level of physical de-
velopment but also to reducing individual disparities. The
results obtained allow to conclude that the implementation
of an adaptive physical education programme has a com-
prehensive effect on students’” physical condition, contrib-
utes to an increase in the body’s adaptive capacity, an im-
provement in functional indicators, and the development of
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AHoTaujifa. MeToro 6y/10 BCTaHOB/IEHHSA Pe3y/IbTaTBHOCTI 3aCTOCYBaHHA KOPEKIITHOTO HiAX0oAy y (isMYHOMY BUXOBaHH]
CTYI€HTCBbKOI MOJIOfIi B YMOBaX 3aK/a/liB BUIOI OCBiTH. MeToo/I0TisA BK/I0Yasa MOPiBHANbHNI aHA/I3 TPauLiiiHOI Ta
KOPEKIiiTHOI mporpamu (hisMaHOro BIXOBAHHS CTYLEHTIB, IeAarOriYHMIil eKCIiepuMeHT Ha 6asi YHiBepcurery Ipuropis
CkoBopoan B Ilepesicnasi. PesynbraTu mifTBepammn HeoOXinHICTb HepeopieHTalil cucTemy (isMYHOrO BUXOBAHHSI
Y 3aK/Iajlax BMIIOL OCBITM Ha iH[MBiflya/li3oBaHi KOpeKILiliHi mporpamu. Pesynpraty sacBiguminm, 110 BIPOBaIKEHHS
KOPEeKIIiiiHOI Iporpamu 3abesmeuye Buiy eeKTUBHICTb GisMYHOI HiATOTOBKM CTYAEHTIB MOPIBHAHO 3 TPaAULIiIIHOI
CHCTEMOI0. Y eKCIIepMMEeHTa/IbHIl Ipymi 3adikcoBaHO IPUPICT CepefHiX IOKAa3HMKIB 3a BCiMa 15 HOCTIIKyBaHMMMU
TapaMeTpaMy, LIBUAKICHI AKOCTI 3pocin 3 2,78 + 1,07 mo 3,70 £ 0,95; BuTpmBamicTh - 3 2,66 + 1,09 o 3,62 +0,98; cunosi
MOKa3HMKM — 3 2,54+ 1,12 mo 3,50 +1,00; cunmosa BuTpuBamicts — 3 2,91+ 1,05 go 3,69 +0,94; rayuxicts - 3 3,09+ 1,03 1o
3,84+ 0,90; xooppuHanisa - 3 2,74+ 1,08 go 3,66 = 0,96; craTMyHa BUTPUBAIICTD — 3 2,60+ 1,10 o 3,62 +0,97; BM6yXOBa
cnna (cTpuboK y moBXuHY) — 3 2,84 + 1,05 g0 3,70 + 0,94. OyHKIioHaIbHI MOKA3HUKY TAKOXX MOKPALVIINCS, Tpoba
Pyd’e - 3 2,66 + 1,09 no 3,66 + 0,96; ingexc macu tima — 3 3,08 £ 1,00 go 3,74 + 0,92. IloxasHuku ¢isMyHOro cTaHy i
IIOBEJIIHKOBI XapaKTePUCTUKM IPOAEMOHCTPYBaayu IOSUTMBHY AMHAMiKy mocraBa — 3 2,88 £ 1,03 mo 3,72 + 0,93;
piBenb ¢isnunoi akTuBHOCTI — 3 2,86 = 1,06 10 3,73 £ 0,94; camoouinka — 3 2,84 + 1,05 mo 3,78 + 0,91; motuBanis — 3
2,74 £ 1,08 o 3,74 +0,95. 3aranpHuil iHTerpaIbHUI NTOKA3HUK (Pi3MYHOI IMIATOTOBICHOCTI 3pic Y eKCIlepyMeHTa/IbHil
rpymi 3 2,80+ 1,06 o 3,70 £ 0,94 (mpupict =0,90 6asa), Tofi AK Yy KOHTPO/IbHIl rpymi — auiue 3 2,90 + 1,05 go 3,10 + 1,00
(mpupict ~0,20 6aa). Y KOHTPOJIbHIlT TPy MiC/IsA 3aBepLICHHS eKCIePUMEHTY CIIOCTepiraocs HesHauHe 3POCTaHH:
cepeqHixX IMOKa3HNUKIB ¢isuynol mifrorosnenocri 3 2,90 + 1,05 go 3,10 + 1,00 6aa, a mpupicT pesyabraris 3a 6imbuIicTIO
TecTiB KonMMBaBcA B Mexxax 0,15-0,25 6ara. [IpakTuyHe 3HaYeHH: [OCIIKEHHA MOMATA€ Y MOXIIMBOCTI BUKOPUCTAHHA
po3pobeHol KopeKLiltHol mporpamyu (Gisu4HOI Ky/IbTypu B cucTeMi (pisYHOro BUXOBAHHA 3aK/IaJiiB BUIOI OCBITY Ta IIif
4ac yJOCKOHA/IEHHSA 03[J0pPOBYMX IIPOrpaM I CTY/IEHTiB

Kntouyogi cnoBa: gpyHKIjioHaIbHMII CTaH OpraHisMy; iHAVMBILYanbHi 0COOMMBOCTI CTYAEHTIB; piBeHb Qi3MIHOT aKTUBHOCTI;
HaBYa/IbHUI IIPOLIEC; aflallTalliliHi MOXK/IMBOCTI
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Abstract. The aim of the study was to determine how different options for organising strength loads affect the development
of muscle mass, changes in body composition and expressiveness of the relief in bodybuilder athletes. The study was
conducted at the Uman National University (Ukraine) from October 20 to December 12, 2025 with the participation
of 66 male bodybuilder athletes who performed 8-week programmes of traditional hypertrophic training, drop sets
and periodised strength-hypertrophic training, and the effectiveness was assessed using a pedagogical experiment,
bioimpedance analysis, anthropometry, single-repetition maximum testing, calculation of the total strength index and
statistical analysis. The most significant changes in body composition occurred in the periodised strength-hypertrophic
training group: skeletal muscle mass increased by 2.4 kg, lean mass by 2.6 kg, and the proportion of adipose tissue
decreased by 2.3%, which is explained by the combination of high mechanical stress in basic exercises with sufficient
hypertrophic volume in auxiliary movements. Anthropometric indicators confirmed the improvement of the relief:
shoulder girth increased by 1.6 cm, chest by 2.5 cm, hips by 2.3 cm, while the waist decreased by 2.9 cm, which reflects the
improvement of body proportions. The total strength index increased by 57.2 kg versus 31.7 kg in the drop-set group and
29.9 kg in the traditional method group, confirming the advantage of periodisation for the development of maximum
strength. Correlation analysis showed a relationship between skeletal muscle mass gain and strength index (r = 0.74),
and waist reduction — with a decrease in adipose tissue (r =0.72), which proves the interdependence of morphological
and functional changes. Thus, periodised strength-hypertrophic training most effectively combined muscle mass gain,
fat component reduction, improvement of proportions and strength increase in bodybuilders. The results can be used by
bodybuilding coaches, physical education and sports specialists and athletes to plan training programmes aimed at the
formation of muscle relief and control of body composition

Keywords: body composition; fat-free mass; anthropometric parameters; adaptation; hypertrophy; morphological
changes; drop set

Introduction

In bodybuilding, the selection of a strength training tech-
nique determines not only the increase in muscle mass, but
also the expressiveness of the muscle relief, the proportion-
ality of the physique and the stability of changes in body
composition. The effectiveness of training depends on the
combination of skeletal muscle hypertrophy, a decrease
in the fat component, the optimal volume of the load, the
intensity of exercises and full recovery. Different training

techniques have different effects on mechanical stress, met-
abolic stress, local muscle fatigue and the adaptive capa-
bilities of the body, so the effectiveness should be assessed
by morphological and strength indicators. Incorrect selec-
tion of loads can cause excessive fatigue, trauma, dispro-
portionate development of muscle groups and unstable
changes in the ratio of muscle and fat mass, since the body
does not have time to fully recover between workouts, and
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individual muscle groups receive either excessive or insuf-
ficient stimulus for adaptation. Under such conditions, the
quality of the hypertrophic response decreases, body com-
position control deteriorates, and it becomes more difficult
to achieve a pronounced muscle relief.

The training of bodybuilders involves combining the
selection of exercises with the planning of a training sys-
tem in which the volume of the load, intensity, recovery,
adaptation control, and targeted morphological changes
are functionally interconnected. The problem of scientific
support for strength sports was analysed by L. Podrigalo et
al. (2025), focusing on areas of research related to strength
training, functional capabilities of athletes, training effec-
tiveness, and risks of overload. The results demonstrated
the need to consider strength training not only as a means
of increasing strength, but also as a controlled process of
the body’s adaptation to repetitive loads. Methodological
approaches to the systematic training of bodybuilders were
considered by S.I. Karaulova & A.Y. Troian (2024), focus-
ing on planning training stages, selecting exercises, regu-
lating intensity, and taking into account the level of fitness
of athletes. Researchers proved that the effectiveness of
bodybuilders’ training is determined not only by the total
amount of work performed, but also by the structure of the
training programme, in particular, the sequence of exercis-
es, load distribution, intensity, and compliance of the train-
ing effect with the training stage. Optimisation of training
loads in novice athletes specialising in bodybuilding was
studied by S.I. Karaulova et al. (2025). The authors showed
that gradual dosing of volume and intensity contributes to
the formation of adaptation, while the mismatch of the load
to the level of fitness limits the increase in muscle mass and
increases the risk of functional exhaustion.

Morphological changes in bodybuilding are formed
under the influence of the loading mode, the type of ex-
ercises and the nature of energy supply, therefore, the as-
sessment of the effectiveness of the training method should
cover not only the strength result, but also the dynamics
of girths, muscle mass and functional state. Changes in
the girth dimensions of the body of bodybuilders under
the influence of training exercises, free weight and various
loading modes were investigated by V. Potop et al. (2023).
The results confirmed that girth parameters reflect the lo-
cal direction of hypertrophic changes and can be used as
an applied criterion for assessing muscle relief. The features
of the adaptive reactions of bodybuilders were clarified in
the work of A. Chernozub et al. (2023), which analysed the
influence of various energy supply modes, load intensity,
training exercises and free weight exercises on the morpho-
functional indicators of athletes. The authors found that the
combination of exercises in simulators and exercises with
free weights forms a different morphofunctional response,
which confirms the need to compare training methods by
several indicators. Control of the functional state of athletes
during physical exertion was considered by Y. Mykhaliuk et
al. (2025). The results obtained showed that monitoring of
functional reactions is necessary to assess load tolerance
and prevent the accumulation of fatigue.

The formation of muscle relief in bodybuilding is asso-
ciated with the simultaneous development of muscle mass,
a decrease in the fat component, an increase in local mus-
cle expressiveness and the use of techniques that combine

mechanical tension with metabolic stress. The construc-
tion of the training process of qualified bodybuilders in the
competitive period was studied in the work of O.B. Piven et
al. (2023), where attention is focused on the relationship
between muscle mass development, physique improvement
and the selection of training equipment. Researchers estab-
lished that the effectiveness of training in the competitive
period depends on the targeted regulation of the volume
and intensity of the load, since it is these parameters that af-
fect the preservation of muscle mass and the improvement
of the visual characteristics of the physique. The effect of
drop sets on uneven hypertrophy of the quadriceps femoris
muscle was studied by D. Varovi¢ et al. (2021). The authors
found that this method can cause local differences in the
increase in muscle thickness; for bodybuilding, this means
the possibility of targeted influence on individual muscle
segments, on which the visual detail of the physique de-
pends. L.K. Sedal ef al. (2023) summarised the data on the
effect of drop sets on skeletal muscle hypertrophy, analys-
ing the results of studies with different strength load pro-
tocols. Scientists found that drop sets can provide a hyper-
trophic stimulus due to a combination of high local fatigue,
increased muscle time under load and approaching muscle
failure, however, the effectiveness is determined by the total
volume of work, intensity, and place of this technique in the
training programme.

Previous studies did not sufficiently reveal the compar-
ative effectiveness of different strength training methods in
bodybuilders in terms of a set of indicators of muscle relief,
body composition, girth parameters and strength fitness.
The aim of the study was to establish the effectiveness of
different training approaches in ensuring morphological
and strength changes associated with improving the phy-
sique of bodybuilders. The objectives of the study were: to
assess the initial indicators of body composition, girth pa-
rameters and strength fitness of bodybuilders; to determine
changes in muscle mass, fat component and strength indi-
cators after applying different strength training methods; to
compare the effectiveness of the studied methods accord-
ing to morphological and functional criteria.

Materials and Methods

Design, basis and ethical principles of the study. The
study had an empirical comparative design with elements
of a pedagogical experiment, as it involved the targeted ap-
plication of different strength training techniques and the
subsequent comparison of the impact on the morphological
and strength indicators of bodybuilder athletes. The study
was conducted at the Uman National University, Uman,
Ukraine. The choice of this research was due to the profile
of the university, which trained specialists in speciality 017
Physical Culture and Sports, in particular, in the educa-
tional programmes “Physical Culture and Sports” and “Fit-
ness and Recreation”; this base ensured the involvement of
some participants with experience in strength training, the
organisation of classes in an educational and sports envi-
ronment and the control of the technique of performing
exercises, training load, anthropometric and strength indi-
cators under the same conditions. The experimental phase
lasted 8 weeks — from October 20 to December 12, 2025.
This period was chosen due to the stability of the training
schedule in the first semester, as it did not coincide with
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holidays, examination sessions and long holiday breaks.
The eight-week mesocycle was sufficient to detect initial
morphological and strength changes in athletes with expe-
rience in strength training, provided the same number of
training microcycles for all groups, and did not create an
excessive risk of accumulating chronic fatigue.

The study was conducted in accordance with the eth-
ical principles of The Declaration of Helsinki (2024) for
research involving human subjects, which provided for
voluntary participation, obtaining informed consent, pri-
or assessment of potential risks, confidentiality of personal
data and the right of participants to discontinue participa-
tion at any stage without negative consequences. The exper-
iment was approved by the Ethics Committee of the Uman
National University, protocol No. 4 dated October 1, 2025.

Sample formation and characteristics of study par-
ticipants. The study included 66 male bodybuilders aged 19
to 32 years, who systematically engaged in strength train-
ing and had experience in bodybuilding training from 2 to
6 years. The average age of the participants was 24.8 + 3.1
years, the average training experience was 4.2 £ 1.1 years.
Only men were included in the sample, since the study was
aimed at comparing training methods, and not at analysing
gender differences. The homogeneity of the sample by gen-

der made it possible to reduce the influence of biological
factors on the assessment of changes in muscle mass, body
composition and strength indicators.

The sample was formed purposefully; the selection of
participants was carried out in two stages. At the first stage,
information about the study was disseminated at the uni-
versity through an information announcement at the de-
partment, messages in the faculty’s educational and sports
groups, verbal information to students during classes in
sports and practical disciplines, and appeals to teachers and
coaches who worked with students who systematically en-
gaged in strength sports. Additionally, the recruitment mes-
sage was transmitted through coaches of Uman sports clubs
and placed in gyms where amateur bodybuilders trained.
Of the 66 participants, 30 were students of the Uman Na-
tional University in the 2"-4" year of the bachelor’s degree
and the 1st year of the master’s degree, and 36 were athletes
who trained in Uman sports clubs and underwent testing
and training intervention at the faculty. This method of
forming the sample made it possible to attract athletes with
sufficient experience in strength training and ensure that
measurements were carried out under the same conditions.
At the second stage, those wishing to participate in the
study filled out a primary selection questionnaire (Table 1).

Table 1. Questionnaire for selecting bodybuilder athletes to participate in the study

Questionnaire block

Question / indicator

Answer option or method of fixation

Last name, first name or individual participant code Researcher’s note
Age Full years
Sex Male

General information L
Participant status

Student of Uman National University / athlete
of the Uman sports club

For students: course of study

2/ 3/ 4"year of undergraduate studies / 1% year
of graduate studies

Training experience

Total strength training experience Number of years
Bodybuilding experience Number of years
Average training frequency per week 3/4/5/6 ormore times
Duration of one workout Up to 60 min / 60-90 min / over 90 min
Experience in bodybuilding competitions Yes/no

The main type of preliminary training program

Split programme / full body / strength programme /
mixed program

Were drop sets used before?

Yes /no/ occasionally

Was load periodisation used before?

Yes /no/ partially

Health status

Presence of acute musculoskeletal injuries in the last 3 months Yes/no
Presence of chronic diseases in the acute stage Yes/no

The presence of medical contraindications to strength training Yes/no
Abreak in training of more than 2 weeks in the last 3 months Yes/no

Mode and recovery

Average sleep duration

Less than 6 hours / 6-7 hours / 7-8 hours / more
than 8 hours

The presence of additional intense physical activity outside of bodybuilding Yes/no
Food Is changing diet for 8 weeks planned? Yes/no

Does the participant maintain a stable protein diet? Yes /no/ partially
) Willingness to train according to a specific program Yes/no
Controlgrf]gé?;nnsmental Willingness not to change the number of sets, repetitions, and exercises Yes/no
Willingness to undergo initial and repeated testing Yes/no
Confirmation of voluntary participation Yes/no
Ethical consent Confirmation of familiarisation with possible loading risks Yes/no
Consent to the processing of anonymised research results Yes/no

Source: developed by the authors
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After the questionnaire, a short interview was conduct-
ed and, if available, a review of the athlete’s training diary
or self-report data. Additionally, during the familiarisation
training, the technique of performing basic strength ex-
ercises was assessed to confirm the participants’ ability to
safely perform bench presses, squats, pulling movements
and auxiliary exercises according to the experimental pro-
gramme, with such assessment being used as a criterion for
admission to participation and safety control, and not as
a separate outcome indicator of the study. Final inclusion
in the sample was carried out after confirmation of com-
pliance with the criteria: male gender; age 19-32 years; ex-
perience of systematic strength training from 2 to 6 years;
regular bodybuilding classes at least 4 times a week; ab-
sence of acute injuries of the musculoskeletal system; ab-
sence of medical contraindications to strength loads; will-
ingness to adhere to a specific training programme for 8
weeks; consent to undergo anthropometric, compositional
and strength testing. Exclusion criteria were: the presence
of acute or chronic diseases in the acute stage; injuries to
muscles, ligaments, or joints that limited the performance
of strength exercises; a break in training for more than 2
weeks during the last 3 months; irregular attendance at
classes during the experiment; independent change of the
training program; abrupt change in diet; use of pharmaco-
logical agents that could affect muscle mass, water balance
or recovery; refusal to participate at any stage of the study.

Participants were divided into three experimental
groups of 22 participants. The distribution was carried out
taking into account age, training experience, body weight,
percentage of adipose tissue and the initial level of strength
training, so that the groups were comparable in terms of
basic morphological and functional characteristics and
to minimise the impact of initial differences on the inter-
pretation of the results. The first group included athletes
who trained using the traditional hypertrophic method;
the second - athletes who performed training using drop
sets; the third - athletes who trained using the periodised
strength-hypertrophic method. Initially, 72 bodybuilder
athletes were included in the experiment, who were di-
vided into three groups of 24 people. During the study, 4
participants dropped out: in the first group - 2 participants
due to irregular attendance at classes, in the second group -
1 participant due to a change in diet, in the third group -
1 participant due to a domestic injury not related to the im-
plementation of the training programme. To maintain the
same number of groups and the correctness of the statistical
comparison, before the final analysis, data from 2 more par-
ticipants were randomly removed from the groups in which
more athletes remained after the end of the experiment.
The final analysis included the results of 66 bodybuilders.

Organisation and methods of training of the exper-
imental groups. After the initial testing, the participants
performed training programmes for 8 weeks according to
the group distribution. In all groups, classes were held 4

times a week (Monday, Wednesday, Friday, Saturday) ac-
cording to the same split microcycle structure. The first class
was aimed at working out the pectoral muscles and triceps,
the second - the back and biceps muscles, the third - the
lower limb muscles, the fourth - the deltoid muscles, core
muscles and additional work on muscle groups that needed
correction. This structure made it possible to ensure recov-
ery between repeated loads on the same muscle groups and
to standardise the frequency of training exposure in all ex-
perimental groups. The duration of one session was 70-90
minutes. Each training session had the same structure: the
preparatory part lasted 10-12 minutes, the main part — 50-
65 minutes, the final - 5-8 minutes. In the preparatory part,
light cardio warm-up, joint mobilisation and 1-2 approach-
es to the first basic exercise were used. The main part con-
tained strength exercises according to the methodology of
a specific group. In the final part, respiratory recovery, re-
laxation exercises and short stretching of the muscle groups
that received the main load were used.

To reduce the impact of differences in the total training
volume, the number of training days, the structure of the
microcycle, the duration of classes and the number of basic
exercises were standardised for all groups. The total train-
ing volume was controlled by the number of working sets
and repetitions within each training day; the differences
between the groups were primarily in the way the intensity
was organised, the use of drop sets or wave-like progres-
sion, and not in changing the frequency of training or the
overall structure of the programme.

The working weight for each participant was deter-
mined individually based on the results of the initial testing
of the one-repetition maximum (1RM, kg) in basic exercis-
es; in these movements, the intensity was set as a percent-
age of the 1RM. In auxiliary and isolated exercises, the load
was selected based on the target repetition range, technical-
ly correct amplitude of movement, and the absence of pre-
mature violation of technique. If the participant performed
the upper limit of repetitions in all approaches without
technical errors, the working weight in the next session was
increased by 2.5-5.0%. The dynamics of strength training
were analysed only by the results of basic exercises and the
total strength index, while auxiliary exercises were used to
standardise the training effect, maintain the overall hyper-
trophic volume and local work on muscle groups, and not
as a separate performance criterion.

After determining individual workloads, participants
performed programmes according to group distribution.
The first group used a traditional hypertrophic technique,
in which the main training stimulus was created through
moderately high intensity, stable workload and a range of
8-12 repetitions. The load progression was carried out after
the athlete technically correctly performed the upper lim-
it of repetitions in all planned approaches. This mode was
used as a basic model of strength training against which
other techniques were compared (Table 2).

Table 2. Structure of the training programme of the first experimental group

Training day Exercise Sets = repetitions Intensity Rest
Bench press 4x8-10 75-80% 1RM 90s

Day1 Incline dumbbell press 3x10-12 70-75% 1RM 75s
Lying dumbbell flyes 3x12 65-70% 1RM 60s
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Table 2, Continued

Training day Exercise Sets = repetitions Intensity Rest
Day1 Push-ups on the parallel bars 3x8-12 body weight / additional weight 75s
Arm extension on the block 3x10-12 70% 1RM 60s

Incline barbell pull 4x8-10 75-80% 1RM 90s

Pull-ups / upper block pull 3x8-12 70-75% 1RM 75s

Day 2 Horizontal cable row 3x10-12 70% 1RM 758
One-arm dumbbell row 3x10 70-75% 1RM 755

Arm curls with a barbell 3x10-12 70% 1RM 60s

Squats with a barbell 4x8-10 75-80% 1RM 90s

Leg press 3x10-12 70-75% 1RM 90s

Day 3 Romanian deadlift 3x10 70-75% 1RM 90s
Leg curls in the simulator 3x12 65-70% 1RM 60s

Standing calf raises 4x12-15 65-70% 1RM 60s

Barbell/Dumbbell Overhead Press 4x8-10 75-80% 1RM 90s

Dumbbell side raises 3x12 65-70% 1RM 60s

Day 4 Barbell upright row 3x10 70% 1RM 75s
Reverse dumbbell raises 3x12 65-70% 1RM 60s

Plank/Hanging Leg Raises 3x10-15 own body weight 60s

Source: developed by the authors

In the second group, the main difference was the use
of drop sets in the last working approach. After perform-
ing the main part of the approach, the working weight
was reduced by 20-30% without a long pause, after which
the athlete continued the exercise until pronounced lo-
cal fatigue. In large muscle groups, one drop set was used
per exercise, and in small muscle groups, no more than
one drop set per training block (Table 3). This method
of organising the load was aimed at increasing the time
the muscles were under load, increasing metabolic stress
and enhancing the local hypertrophic stimulus. The third
group used a periodised strength-hypertrophic technique

that combined higher-intensity work in basic exercises
and a hypertrophic regime in auxiliary exercises. Basic
exercises were performed at the beginning of the session,
when the level of fatigue was lower and athletes could
work with a higher relative weight. Auxiliary exercises
were used after the strength block to increase the train-
ing volume and local work of muscle groups. The load
progression was carried out in a wave-like manner: dur-
ing the first three weeks, the volume and working weight
gradually increased, in the fourth week the load was re-
duced by 15-20% for partial recovery, after which the cy-
cle was repeated with updated working weights (Table 4).

Table 3. Structure of the training programme of the second experimental group

Training day Exercise Basic approaches Drop set Rest
Bench press 3x8-10at 75-80% 1RM last set: -25% weight, 6-8 repetions 90s

Day1 Incline dumbbell press 3x10 last set: -20% weight, 6-8 repetions 755
Lying dumbbell flyes 2x12 last set: -20% weight to local fatigue 60s

Arm extension on the block 3x10-12 last set: -25% weight, 6-10 repetions 60s

Incline barbell pull 3x8-10 at 75-80% 1RM last set: -20% weight, 6-8 repetions 90s

Day 2 Upper-block pulldown 3x10-12 last set: -25% weight, 6-10 repetions 75s
Horizontal cable row 3x10 last set: -20% weight, 6-8 repetions 75s

Arm curls with a barbell 3x10-12 last set: -20% weight, 6-10 repetions 60s

Squats with a barbell 3x8-10 at 75-80% 1RM last set: -20% weight, 6-8 repetions 90s

Leg press 3x10-12 last set: -25% weight, 8-10 repetions 90s

Day 3 Romanian deadlift 3x10 last set: -20% weight, 6-8 repetions 90s
Leg curls in the simulator 3x12 last set: -25% weight to local fatigue 60s

Standing calf raises 3x12-15 last set: -25% weight, 8-12 repetions 60s

Dumbbell Overhead Press 3x8-10 last set: -20% weight, 6-8 repetions 90s

Dumbbell side raises 3x12 last set: -25% weight to local fatigue 60s

Day 4 Barbell upright row 3x10 last set: -20% weight, 6-8 repetions 755
Reverse dumbbell raises 3x12 last set: -20% weight to local fatigue 60s

Hanging leg raises/twists 3x12-20 without drop set 60s

Source: developed by the authors
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Table 4. Structure of the training programme of the third experimental group

Training day Exercise Strength block Hypertrophic block Rest
Bench press 4 x 4-6 at 80-88% 1RM - 120
Incline dumbbell press - 3x8-12 at 70-75% 1RM 75-90's
Day1 Lying dumbbell flyes - 3x10-12 at 65-70% 1RM 60s
Push-ups on the parallel bars - 3x8-10 75s
Arm extension on the block - 3x10-12 60s
Incline barbell pull 4 x 4-6 at 80-88% 1RM - 120s
Pull-ups / upper block pull - 3x8-12 at 70-75% 1RM 75-90's
Day 2 Horizontal cable row - 3x10-12 at 70% 1RM 75s
One-arm dumbbell row - 3x10 75s
Arm curls with a barbell - 3x10-12 60s
Squats with a barbell 4 x 4-6 at 80-88% 1RM - 120s
Leg press - 3x8-12 at 70-75% 1RM 90s
Day 3 Romanian deadlift - 3x8-10at 70-75% 1RM 90s
Leg curls in the simulator - 3x10-12 60s
Standing calf raises - 4x12-15 60s
Barbell/Dumbbell Overhead Press 4 x 4-6 at 80-85% 1RM - 120s
Dumbbell side raises - 3x10-12 60s
Day 4 Barbell upright row - 3x8-10 758
Reverse dumbbell raises - 3x10-12 60s
Plank/Hanging Leg Raises - 3sets 60s

Source: developed by the authors

Individual correction of the programmes concerned
only the working weight, the rate of progression and the
technical safety of the exercises; the list of basic exercises
remained the same within each group. If discomfort ap-
peared, the amplitude or variant of the exercise was adjust-
ed without changing its muscular focus. Individual dietary
programmes were not prescribed: participants were recom-
mended to maintain the usual diet and drinking regimen,
not to drastically change calorie content, protein intake and
fluid volume, especially 24 hours before measuring body
composition.

Methods of evaluating research indicators. The as-
sessment was carried out twice: 2-3 days before the start of
the experiment and 48-72 hours after the last training ses-
sion. This interval was used to reduce the influence of acute
post-training fatigue, local muscle swelling and short-term
fluctuations in body weight on the measurement results.
All measurements were performed in the morning, before
training, in approximately the same hydration conditions
and after refraining from intensive loads the day before.
Body composition was assessed by body weight, percent-
age of adipose tissue, lean mass and skeletal muscle mass.
For this purpose, the method of bioelectrical impedance
analysis was used on the Tanita MC-780MAP body com-
position analyser (Japan). Measurements were performed
in a standing position, barefoot, with contact of the feet and
hands with the electrodes of the device; before the proce-
dure, the participant’s age, gender, and height (cm) were
entered into the system, after which the device automati-
cally calculated body composition indicators based on the
electrical resistance of the tissues. Body weight (kg) was
determined by the analyser’s built-in scales, and the per-
centage of adipose tissue (%), lean mass (kg) and skeletal
muscle mass (kg) were recorded according to the device’s
protocol without additional manual formulae. Before the

measurement, the participants did not perform intensive
physical activity for 24 h, did not drink a large amount of
fluid immediately before the procedure, did not eat for at
least 3 h before testing, and were measured at the same time
of day, which reduced the error associated with fluctuations
in water balance.

Anthropometric measurements included shoulder,
chest, waist, and hip circumferences, which were recorded
in centimetres using a flexible inelastic anthropometric tape
with an accuracy of 0.5 cm. Upper arm circumference was
measured in the middle third of the shoulder with the biceps
tense; chest circumference — at the level of the nipple line
after a calm exhalation; waist circumference — at the level
of the smallest torso circumference; hip circumference - in
the upper third of the thigh. During the measurement, the
tape was placed horizontally, without excessive compres-
sion of soft tissues. Each measurement was performed three
times, after which the average value was used for analysis.

Strength training was assessed based on the results of
1RM in three basic exercises: bench press, barbell squat,
and deadlift. Testing was performed after a 10-minute gen-
eral warm-up and a special warm-up in the correspond-
ing exercise, which included 2-3 sets of approaches with a
gradual increase in load. After each attempt, the participant
rested for 3-5 minutes, which allowed reducing the impact
of acute fatigue on the result of the next attempt. The maxi-
mum result was recorded as the largest weight that the ath-
lete performed technically correctly in one repetition with
a full range of motion. In the bench press, an attempt was
counted if the barbell was lowered to the chest in a con-
trolled manner and the arms were fully extended; in the
squat, if the required squat depth was reached and the body
was returned to the starting position independently; in the
deadlift, if the body was fully straightened and the barbell
was fixed without losing technique. If the athlete violated
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the technique, performed the movement with incomplete
amplitude or needed outside assistance, the attempt was
not counted. For a generalised assessment of strength train-
ing, the total strength index (SSI, kg) was calculated as the
sum of the maximum results in three basic exercises:

TSI=1RM bench press + 1RM squat + 1RM deadlift, (1)

where TSI - total strength index (kg); 1RM - the largest
weight (kg) lifted by an athlete in one technically correct
repetition. TSI was previously defined as an integral crite-
rion of general strength fitness, since it summarised the re-
sults of three basic multijoint exercises and reflected func-
tional changes in the main muscle groups after training
intervention. This indicator was used to compare the gen-
eral dynamics of strength fitness and functional efficiency
of the studied training methods.

Methods of statistical analysis of results. Statistical
analysis was performed in the Statistica 10.0 programme
(USA). For each indicator, the arithmetic mean (M), stand-
ard deviation (SD), absolute (A) and relative (A%) change
were determined; the results were presented in the format
M = SD. Normality of distribution was checked using the
Shapiro-Wilk test. Intragroup dynamics of indicators were
assessed using paired Student’s t-test, intergroup differenc-
es were assessed using one-way ANOVA with a posteriori
comparison using Tukey HSD. Pearson correlation anal-
ysis was used to establish relationships between changes
in skeletal muscle mass, adipose tissue, girth parameters,

and TSI. Pairs of indicators for correlation analysis were
formed according to the principle of functional-morpho-
logical interdependence: the increase in skeletal muscle
mass was compared with the change in TSI to assess the
relationship between hypertrophic and strength adapta-
tion; the decrease in the proportion of adipose tissue and
waist circumference were analysed as interrelated markers
of improved body composition and muscle relief; changes
in shoulder, chest, and hip girths were considered in con-
nection with the increase in lean and skeletal muscle mass
as an anthropometric reflection of local muscle hypertro-
phy. The strength of the relationship was interpreted by the
absolute value of r: up to 0.30 - low, 0.30-0.69 — medium,
0.70 and above - high. The level of statistical significance
was set at p<0.05.

Results

Dynamics of body composition indicators of bodybuild-
ers. Before the start of the experiment, no statistically
significant differences were found between the groups in
terms of body composition indicators (p > 0.05), which
confirmed the comparability of the initial data. After an
8-week training cycle, an increase in lean and skeletal mus-
cle mass was recorded in all groups against the background
of a decrease in the proportion of adipose tissue, however,
the magnitude of these changes differed depending on the
method used. The quantitative dynamics of body compo-
sition indicators in each experimental group are presented
in Tables 5-7.

Table 5. Dynamics of body composition of the first experimental group

Indicator Before the experiment After the experiment A L%

Body weight, kg 82.3+57 83.0+5.6 +07 +09
Adipose tissue, % 149+20 13818 -11 -T4
Fat-free mass, kg 70048 71347 +1.3 +19
Skeletal muscle mass, kg 390+31 401+30 +1.1 +2.8

Note: A - absolute change in the indicator; A% - relative change from baseline; data are presented as M + SD

Source: data obtained during the research

In the first group, after the application of the tradi-
tional hypertrophic method, a moderate improvement in
body composition was established. Body weight increased
by 0.7 kg, but this increase was not accompanied by an in-
crease in the fat component, since the proportion of adi-
pose tissue decreased from 14.9+2.0% to 13.8 + 1.8%. This
indicates that the increase in body weight in athletes of
this group was associated mainly with an increase in active
tissue mass, and not with the accumulation of adipose tis-
sue. Fat-free mass increased by 1.3 kg, and skeletal muscle

mass by 1.1 kg. Such dynamics indicate the presence of a
hypertrophic response to the traditional strength training
regimen, built on the performance of 8-12 repetitions with
moderately high intensity. At the same time, the relative in-
crease in skeletal muscle mass was 2.8%, which character-
ises the method as stable, but gradual in terms of the pace
of morphological adaptation. A 1.1 percentage point reduc-
tion in adipose tissue further indicates an improvement in
the ratio between muscle and fat components, which is a
necessary condition for the formation of muscle relief.

Table 6. Dynamics of body composition in the second experimental group

Indicator Before the experiment After the experiment A A%

Body weight, kg 82.0+59 829+57 +0.9 +1.1
Adipose tissue, % 148+21 13119 -17 -115
Fat-free mass, kg 69.9+49 716+4.8 +17 +2.4
Skeletal muscle mass, kg 389+£3.2 404+3.1 +1.5 +39

Note: A - absolute change in the indicator; A% - relative change from baseline; data are presented as M +SD

Source: data obtained during the research
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The data in Table 6 demonstrated that in the sec-
ond group, after 8 weeks of using the drop-set tech-
nique, positive dynamics of body composition were also
recorded. Body weight increased by 0.9 kg, while the
proportion of adipose tissue decreased by 1.7 percentage
points. This result indicates a simultaneous improve-
ment in two components of physique: an increase in the
mass of tissues associated with training adaptation and
a decrease in relative fat content. Fat-free mass in this
group increased by 1.7 kg, and skeletal muscle mass by

1.5 kg. This can be explained by the specificity of drop-
sets, which increase the duration of muscle work within
one approach, increase local fatigue and create higher
metabolic stress. Under these conditions, muscle groups
receive an additional stimulus to adapt not only through
mechanical stress, but also through the accumulation of
metabolites at the end of the work set. The 11.5% reduc-
tion in adipose tissue from baseline may be associated
with a higher training load density and higher energy
expenditure during training.

Table 7. Dynamics of body composition of the third experimental group

Indicator Before the experiment After the experiment A 0%

Body weight, kg 82.5+56 841+5.4 +16 +1.9
Adipose tissue, % 15020 12717 -2.3 -15.3
Fat-free mass, kg 701+47 72746 +2.6 +37
Skeletal muscle mass, kg 39.1+3.0 415+29 +2.4 +6.1

Note: A - absolute change in the indicator; A% - relative change from baseline; data are presented as M +SD

Source: data obtained during the research

In the third group, where the periodised strength-hy-
pertrophic technique was used, the most pronounced in-
tragroup dynamics of body composition indicators were
established. Body weight increased by 1.6 kg, but at the
same time the proportion of adipose tissue decreased from
15.0+2.0% to 12.7 +1.7%. This means that the increase in
total body weight occurred against the background of a
decrease in the fat component, i.e. morphological changes
had a favourable direction for the formation of muscle re-
lief. Fat-free mass increased by 2.6 kg, and skeletal muscle
mass by 2.4 kg, which indicates a pronounced hypertroph-
ic response. This nature of the changes may be associated
with the combination of two training stimuli: strength ap-
proaches with higher intensity, which increased mechanical
stress, and hypertrophic approaches in auxiliary exercises,
which provided a sufficient amount of local muscle work.
The 2.3 percentage point decrease in adipose tissue further
indicates an improvement in the ratio between active and
fat body mass. Thus, within this group, the periodised load
structure provided a combination of muscle gains with a
decrease in the relative fat content.

The intergroup comparison showed that all three meth-
ods contributed to the improvement of body composition,
but the severity of the changes was different. In the first
group, the traditional hypertrophic method provided an
increase in skeletal muscle mass by 1.1 kg and fat-free mass
by 1.3 kg, reflecting a gradual morphological adaptation.
In the second group, drop sets provided a greater increase

in skeletal muscle mass — 1.5 kg — and a more noticeable
decrease in adipose tissue by 1.7 percentage points, which
may be associated with a higher load density and more
pronounced local fatigue. The largest changes were record-
ed in the third group: skeletal muscle mass increased by
2.4 kg, fat-free mass - by 2.6 kg, the proportion of adipose
tissue decreased by 2.3 percentage points. The obtained
dynamics indicate that for the formation of muscle relief,
not only an increase in the volume of work performed was
decisive, but also the method of its organisation. The most
favourable result was provided by the programme in which
strength approaches with greater intensity were combined
with a hypertrophic mode of auxiliary exercises, since such
a structure simultaneously maintained mechanical tension,
sufficient local volume of load and fatigue control.
Changes in anthropometric parameters of the forma-
tion of muscle relief. After an 8-week experiment, changes
in anthropometric parameters confirmed the different ori-
entation of the athletes’ adaptation to the three methods of
strength training. Inall groups, an increase in shoulder, chest
and hip girths was observed, however, the rate of growth of
muscle segments was not the same. Simultaneous reduc-
tion of waist circumference showed improvement of body
proportions, and the most pronounced combination of in-
crease of peripheral circumferences and decrease of central
circumference was characteristic of periodised power-hy-
pertrophic technique. Quantitative dynamics of anthro-
pometric parameters of bodybuilders is given in Table 8.

Table 8. Dynamics of anthropometric parameters of bodybuilder athletes

Indicator Group Before the experiment | After the experiment A A%

Group 1 39.3:19 40.2+1.8 +0.9 +2.3

Upper arm circumference, cm Group 2 39120 404+19 +1.3 +3.3
Group 3 394+18 41017 +1.6 +4.1

Group 1 105.2 4.7 106.6 + 4.6 +1.4 +1.3

Chest circumference, cm Group 2 105.0+49 106.8 4.7 +1.8 +1.7
Group 3 1055+ 4.6 108.0 4.4 +2.5 +2.4

Group 1 82441 81.0+39 -1.4 -17

Waist circumference, cm Group 2 82.1+4.3 80.2+40 -19 -2.3
Group 3 82640 79.7+3.8 -29 -3.5
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Table 8, Continued

Indicator Group Before the experiment | After the experiment A A%
Group 1 61.7+3.0 62.8+29 +11 +1.8

Hip girth, cm Group 2 61.6+3.2 63.2£3.0 +16 +2.6
Group 3 61.8+3.1 64.1+3.0 +2.3 +3.7

Note: A - absolute change in the indicator; A% - relative change from baseline; data are presented as M +SD

Source: data obtained during the research

The results presented in Table 8 showed that anthropo-
metric dynamics had not only quantitative but also struc-
tural differences between the groups. In the first group, the
increase in girths was uniform but moderate: the shoulder
increased by 0.9 cm, the chest — by 1.4 cm, the thigh - by
1.1 cm. This pattern of changes corresponded to the tra-
ditional hypertrophic method, in which muscle groups re-
ceived a stable training stimulus without a sharp increase in
work density or change in intensity within the microcycle.
The 1.4 cm waist reduction complemented the increase in
peripheral girths, but the overall morphological effect in
this group was mostly gradual.

In the second group, anthropometric changes were
more pronounced, especially in shoulder and thigh girths.
Compared to the first group, the increase in the shoulder
was 0.4 cm greater, the hip - 0.5 cm, the chest - 0.4 cm,
and the waist — 0.5 cm. This indicated that drop sets cre-
ate a more intense local stimulus for muscle segments that
perform work to pronounced fatigue after weight loss. This
mode increases metabolic stress and the duration of mus-
cle tension, so the increase in girth was greater than with
the traditional method. At the same time, the advantage
of drop sets remained moderate, since this method had a
greater effect on local load density than on the systemic
combination of strength, volume, and recovery.

The third group recorded the most pronounced change
in the anthropometric profile. Compared to the first group,
the increase in the shoulder was 0.7 cm greater, the chest —
1.1 cm, the hips - 1.2 cm, and the waist - 1.5 cm smaller;
compared to the second group, the advantage was 0.3 cm,
0.7 cm, 0.7 cm, and 1.0 cm, respectively. This indicated that
under the conditions of standardised training frequency,
split microcycle structure, training duration, and number
of basic exercises, the periodised strength-hypertrophic
technique was associated with a greater increase in individ-
ual girths and a more pronounced improvement in body
proportions. At the same time, since the detailed calcu-
lation of the total load volume according to the formula
“weight x repetition x sets” was not a separate outcome
indicator of this study, the advantage of the third group
should be interpreted as the result of a comprehensive or-
ganisation of the training effect, and not in isolation as an
effect of periodisation. This result can be explained by the
fact that power approaches with higher intensity created
sufficient mechanical stress for large muscle groups, and
hypertrophic approaches in auxiliary exercises supported

the local volume of work. Due to this, the increase in the
shoulder, chest, and thigh was combined with the greatest
decrease in the waist.

The most indicative for assessing muscle relief was not
an isolated increase in individual girth, but the ratio be-
tween the increase in muscle segments and the decrease in
the central girth of the trunk. In the first group, this ratio
changed moderately, which corresponded to the gradual
adaptation to the standard hypertrophic load. In the sec-
ond group, the relief increased mainly due to greater local
fatigue and work density, which contributed to better dy-
namics of the shoulder, hip, and waist. In the third group,
the changes were the most balanced, since the development
of the upper and lower muscle segments was accompanied
by the most noticeable reduction in the waist. Therefore,
within the framework of the applied programme, the peri-
odised approach was associated with the most favourable
combination of muscle girth growth and improvement of
body proportions, however, the interpretation of this ad-
vantage should take into account the lack of a separate
quantitative comparison of the total training volume be-
tween the groups.

Dynamics of strength training of athletes of the ex-
perimental groups. Strength indicators after an 8-week
training cycle increased in all experimental groups, how-
ever, the greatest differences between the methods were
manifested not in the fact of the increase itself, but in its
scale and distribution between basic exercises. The tradi-
tional hypertrophic programme provided a gradual in-
crease in results, drop sets gave similar but slightly higher
dynamics, while the periodised power-hypertrophic tech-
nique provided the greatest increase in bench press, squat,
deadlift and TSI. Throughout the experiment, the technical
stability of the basic exercises was monitored during train-
ing sessions and repeated strength testing. No systematic
technical violations were recorded in any of the groups that
would require the removal of test results or changes in the
load programme. In the drop sets group, local fatigue at
the end of the working approaches required more frequent
coaching control of the amplitude and pace of movement,
but did not lead to a loss of technical suitability for per-
forming the basic exercises. To summarise these changes,
TSI was calculated using formula (1). The obtained TSI val-
ues were used to compare the integral strength dynamics
between the experimental groups. Quantitative changes in
the strength training of athletes are given in Table 9.

Table 9. Dynamics of strength training of athletes of experimental groups

Indicator Group Before the experiment | After the experiment A A%
Group1 108.4+11.8 116.1+11.5 +77 +71

Bench press, kg Group 2 108.0+12.0 116.4+11.6 +8.4 +78
Group 3 108.7+117 1235+11.2 +14.8 +13.6
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Table 9, Continued
Indicator Group Before the experiment | After the experiment A A%
Group 1 142.1+159 152.8+15.4 +107 +75
Squats with a barbell, kg Group 2 1419+16.1 153.0+15.6 +111 +78
Group 3 1426+15.7 162.9+15.1 +20.3 +14.2
Group 1 166.2 £176 1777171 +115 +6.9
Deadlift, kg Group 2 165.8+179 1780172 +12.2 +74
Group 3 166.7+174 188.8+16.8 +22.1 +13.3
Group 1 416.7+41.8 4466 +40.7 +29.9 +7.2
Total power index, kg Group 2 4157424 4474+ 409 +31.7 +76
Group 3 4180+41.2 475.2+39.8 +57.2 +13.7

Note: A - absolute change in the indicator; A% - relative change from baseline; data are presented as M +SD

Source: data obtained during the research

In the bench press, the gains in the first and second
groups were similar: 7.7 kg and 8.4 kg, respectively. This in-
dicates that the traditional hypertrophic regimen and drop
sets provided a similar level of adaptation in the bench
press movement, although the gains were slightly higher
in the drop sets group. The additional weight reduction in
the last approach increased the local load on the pectoral
muscles, triceps and anterior deltoids, but did not create
the neuromuscular stimulus that is characteristic of regular
work with higher percentages of the one-repetition maxi-
mum. That is why the third group demonstrated a signifi-
cantly greater gain in the bench press - 14.8 kg, which was
almost twice the result of the first group.

In the barbell squat, the difference between the meth-
ods was even more pronounced. In the first group, the re-
sult increased by 10.7 kg, in the second - by 11.1 kg, while
in the third - by 20.3 kg. Such dynamics show that the
lower limbs responded better to the programme, where
the basic exercise was performed in the power block with
greater intensity. For the squat, this is explained by the fact
that the exercise requires not only muscle hypertrophy, but
also effective intermuscular coordination, stabilisation of
the trunk and the ability to maintain technique under high
load. The periodised technique, unlike the other two, com-
bined a strength stimulus with a subsequent hypertrophic
load on the muscles of the lower limbs, which explains the
greater increase in the result.

A similar pattern was observed in the deadlift. The in-
crease in the first group was 11.5 kg, in the second - 12.2 kg,
and in the third - 22.1 kg. The difference between the tra-
ditional method and drop sets was small, indicating a lim-
ited effect of additional local fatigue on the development
of maximum strength in a complex pulling movement.
Deadlift depends on the ability to mobilise large muscle
masses, maintain tension in the back and lower limbs, and
effectively coordinate movement throughout the kinematic
link. Therefore, the greatest increase in the third group can

be explained by the regular performance of basic exercises
in a higher intensity mode and controlled load progression.

The TSI showed an integral advantage of the perio-
dised approach. In the first group, it increased by 29.9 kg,
in the second - by 31.7 kg, and in the third - by 57.2 kg.
Thus, drop sets only slightly exceeded the traditional meth-
od in terms of overall strength gain, while the periodised
programme provided almost double the increase compared
to the first group. This indicates that for the development of
strength training in bodybuilders, it is not enough to simply
increase the volume or density of the load; it is necessary to
systematically include strength approaches with a higher
relative weight that stimulate neuromuscular adaptation.

The generalisation of the strength results showed that
all methods provided positive dynamics, but the training
effect had a different direction. The traditional hypertroph-
ic programme formed a stable increase in strength due to
an increase in muscle volume and repetition of the load.
Drop sets increased local muscle fatigue and could main-
tain strength gains due to greater training stress at the end
of the approach, but the impact on maximum results was
limited. The periodised strength-hypertrophic technique
provided the best strength dynamics, as it combined me-
chanical stress, work with higher intensity, sufficient hyper-
trophic volume and recovery control during the microcycle.

Correlations of morphological and strength changes
in athletes. Correlation analysis made it possible to clarify
which morphological changes were most closely associat-
ed with the increase in strength training after an 8-week
training cycle. The closest relationships were established
between the increase in skeletal muscle mass and the in-
crease in TSI, as well as between the increase in hip circum-
ference and the results in squat and deadlift. In contrast,
the decrease in adipose tissue had a weaker, but statistically
significant relationship with strength indicators, which in-
dicated its greater role in the formation of relief than in the
direct increase in maximum strength (Table 10).

Table 10. Correlations of compositional, anthropometric and strength indicators

A pair of indicators r p Interpretation
Skeletal muscle mass gain — total strength index gain 0.74 <0.001 high direct connection
Gain in lean mass — gain in total strength index 0.69 <0.001 medium direct connection
Reduction of adipose tissue — increase in total strength index 0.38 0.002 medium direct connection
Shoulder girth gain — bench press gain 0.58 <0.001 medium direct connection
Chest girth gain — bench press gain 0.61 <0.001 medium direct connection
Hip circumference gain — squat gain 0.67 <0.001 medium direct connection
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Table 10, Continued

A pair of indicators r p Interpretation
Hip circumference increase — deadlift increase 0.63 <0.001 medium direct connection
Waist reduction — reduction of adipose tissue 0.72 <0.001 high direct connection
Decrease in waist circumference — increase in skeletal muscle mass 0.41 0.001 medium direct connection

Note: r — Pearson correlation coefficient; p - statistical significance level; analysis performed on 66 bodybuilders

Source: data obtained during the study

The closest correlation was established between the
increase in skeletal muscle mass and the increase in TSI
(r=0.74; p<0.001). This result showed a pronounced asso-
ciation between the growth of the muscle component and
the improvement of results in basic strength exercises, but
did not give grounds to interpret it as a direct cause-and-
effect effect. The performance of bench press, squat and
deadlift depends not only on the volume of active muscle
tissue, but also on the movement technique, intermuscular
coordination, the ability to stabilise the body under load
and the efliciency of neuromuscular regulation. Thus, the
increase in skeletal muscle mass created a morphological
basis for strength progress, but the realisation of this po-
tential was also determined by the quality of motor control.

The increase in lean mass also had a pronounced direct
relationship with the increase in TSI (r =0.69; p < 0.001).
This indicator confirmed the general direction of adapta-
tion to the training load, but was less specific compared
to skeletal muscle mass, since fat-free mass includes not
only muscle tissue, but also other components of the body.
Therefore, its connection with force dynamics reflected a
broader morphofunctional effect of training, but less accu-
rately characterised the hypertrophic response. A decrease
in the proportion of adipose tissue correlated with an in-
crease in TSI weaker (r=0.38; p=0.002), which indicated a
different functional content of this indicator. A decrease in
the fat component primarily reflected an improvement in
body composition and conditions for visualisation of the
relief, while its contribution to an increase in maximum
strength was indirect.

The correlations between girth parameters and the re-
sults of individual strength exercises had an anatomically
justified direction. Increases in shoulder and chest girth
were associated with improved bench press performance
(r=0.58 and r=0.61; p <0.001), indicating a relationship
between upper body muscle segment development and
bench press strength. Changes in hip girth were correlat-
ed with increases in squat (r =0.67; p <0.001) and dead-
lift (r=0.63; p<0.001), as these exercises involve the lower
limb muscles, gluteal region, and posterior chain. This con-
firmed that local anthropometric changes were not isolat-
ed morphological manifestations, but reflected functional
strengthening of those muscle groups involved in the exe-
cution of basic movements.

The relationship between the decrease in waist circum-
ference and the decrease in the percentage of adipose tissue
(r=0.72; p<0.001) had a separate interpretative value. The
high value of the correlation coefficient showed that the de-
crease in waist circumference did not reflect random fluc-
tuations in measurement, but a real improvement in body
composition associated with a decrease in the fat compo-
nent. The moderate correlation between the decrease in
waist circumference and the increase in skeletal muscle mass

(r=0.41; p=0.001) additionally demonstrated the complex
nature of the formation of the relief: the visual result was
determined not only by muscle hypertrophy, but also by a
decrease in the central girth of the trunk. Thus, the correla-
tion analysis showed that the effectiveness of training meth-
ods should be assessed by a combination of three blocks of
indicators: the increase in skeletal muscle mass, changes in
local girths and a decrease in the fat component. It is this
set of parameters that most fully reflects both the strength
and visual-morphological results of bodybuilders’ training.

Discussion

The results obtained showed that all the studied strength
training methods contributed to positive changes in body
composition, anthropometric parameters and strength
training of bodybuilders, but the effectiveness was not
the same. The traditional hypertrophic method provid-
ed a moderate but stable adaptation. Drop sets enhanced
the growth of individual muscle girths and the reduction
of the fat component due to a higher work density. The
most pronounced changes were observed after perio-
dised strength-hypertrophic training, which combined the
growth of skeletal muscle mass, a decrease in the propor-
tion of adipose tissue, an improvement in body proportions
and the greatest increase in strength indicators.

The most pronounced positive dynamics of body
composition were recorded after the use of the periodised
strength-hypertrophic technique: skeletal muscle mass in-
creased by 2.4 kg, lean mass by 2.6 kg, and the fat compo-
nent decreased by 2.3%. In the drop-set group, the increase
in skeletal muscle mass was 1.5 kg, lean mass by 1.7 kg, and
the reduction in the fat component by 1.7%, while with
the traditional hypertrophic technique, the corresponding
changes were less pronounced - 1.1 kg, 1.3 kg, and 1.1%.
The results obtained are consistent with the conclusions
of A.J. Graybeal et al. (2020), who showed that the assess-
ment of body composition in bodybuilders requires pre-
cise methodological control due to possible discrepancies
between multicomponent models and impedance devices.
This confirms the feasibility of interpreting changes in fat,
lean and skeletal muscle mass together with anthropomet-
ric and strength indicators. Changes in body composition
and strength abilities in fitness and bodybuilding athletes
were analysed by J. Caha et al. (2021). The authors’ results
coincide with the identified trend, since the increase in the
muscle component was accompanied by an improvement
in strength indicators. In the work of B.J. Schoenfeld et
al. (2020), changes in body composition, strength and
metabolic characteristics during the training of a natural
bodybuilder were described. The difference is that the men-
tioned study had a clinical case format and covered eating
behaviour, while in this experiment, nutrition was only
controlled as an external factor and had a recommendatory
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nature. The possibility of simultaneous increase in muscle
mass and decrease in adipose tissue in trained individ-
uals was substantiated by C. Barakat et al. (2020). This is
consistent with the data, as body composition recomposi-
tion occurred in all groups, but the magnitude of this was
greatest with the periodised method. Additional context is
provided by N. Piakaew et al. (2025), who compared body
composition, energy, and macronutrient intake of recre-
ational bodybuilders and healthy adults. The findings are
partially consistent with the results, but direct comparison
is limited by the fact that nutrient intake was not a separate
subject of analysis.

Anthropometric changes most clearly reflected the
advantage of periodised strength-hypertrophic training:
shoulder girth increased by 1.6 cm, chest girth by 2.5 cm,
hip girth by 2.3 cm, while waist girth decreased by 2.9 cm. In
the drop-set group, the corresponding changes were more
moderate — 1.3 cm, 1.8 cm, 1.6 cm, and 1.9 cm, while with
the traditional method the changes were 0.9 cm, 1.4 cm,
1.1 cm, and 1.4 cm, indicating a gradation of the effect de-
pending on the load structure. The obtained dynamics are
consistent with the conclusions of R.C. Alves et al. (2020),
who noted that hypertrophic programmes in bodybuilding
should provide not only an overall increase in muscle mass,
but also a targeted load on individual muscle groups. In
this context, the greater increase in the shoulder, chest, and
thigh in the third group confirms the effectiveness of com-
bining basic strength movements with auxiliary exercises
aimed at local processing of body segments. The results
also coincide with the positions of D. Souza et al. (2020),
who linked the increase in muscle size and lean mass with
training volume. At the same time, the obtained data clarify
this position: the largest girth changes occurred not only
due to volume, but when combined with higher intensi-
ty and wave-like progression. The interpretation of local
changes also correlates with the approach of H. Lukaski &
C. Raymond-Pope (2021), who substantiated the need for a
comprehensive assessment of morphological indicators in
sports. Comparison of girths with body composition data
showed that the increase in peripheral parameters was not
an isolated phenomenon, but was accompanied by a reduc-
tion in the central fat component. The position of A. Gon-
zalez et al. (2022) on the feasibility of using advanced
strength training strategies in bodybuilding are consistent
with the advantage of drop sets and periodised methods
over the traditional programme. However, the best result
was obtained precisely by periodisation, which indicates
a greater effectiveness of the systematic alternation of
strength and hypertrophic stimuli compared to an isolated
increase in work density. The data of A. Falih (2025), ob-
tained when using drop sets in young bodybuilders, con-
firmed the positive effect of this technique on bodybuild-
ing indicators, but only partially coincide with the results
presented. The discrepancy is that in adult trained athletes,
drop sets improved girth parameters, but did not exceed
periodised strength-hypertrophic training in terms of the
effect on proportionality and expressiveness of the relief.

Power dynamics showed the advantage of periodised
strength-hypertrophic training: the TSI increased by
57.2 kg, while the drop-set increase was 31.7 kg, and the
traditional method - 29.9 kg. The most noticeable differ-
ence concerned the squat and deadlift, since these exercises

depend not only on muscle volume, but also on the ability
to coordinate the work of large muscle groups under high
load. In the work of C.G. Vann et al. (2022), it was shown
that high-volume and high-intensity training form differ-
ent mechanisms of muscle adaptation. This explains the
greater increase in strength in the third group, which regu-
larly used a higher relative weight in basic exercises, which
increased mechanical stress and neuromuscular mobilisa-
tion. In a systematic review, M. Lacio et al. (2021) found
that different load ranges can stimulate both hypertrophy
and maximum strength gains. The results presented con-
cretise this position: the best strength effect was provided
not by the isolated use of a certain repetition range, but by
the combination of a strength block with a hypertrophic
volume. Variable strength training, according to the con-
clusions of V. Andersen et al. (2022), contributes to the de-
velopment of maximum strength and muscle power. The
advantage of the third group confirms the importance of
a wave-like change in intensity, which created conditions
for load progression without excessive accumulation of
fatigue. Data from the work by K. Keskin et al. (2025) on
similar improvements in strength, endurance, and hyper-
trophy after traditional training, pre-exhaustion and drop
sets with the same load volume help explain the moderate
advantage of drop sets over the traditional method. In this
study, drop sets did indeed produce a greater increase in to-
tal strength index than the traditional programme, but the
effect remained lower than that of the periodised approach
due to a smaller proportion of work with high relative
weight. Adaptations of lean mass and muscle cross-section
under block periodisation conditions were described by
P.A. Moquin et al. (2021). These results strengthen the in-
terpretation of the advantage of the periodised programme,
since the increase in strength indicators in the third group
was combined with the greatest increase in lean and skele-
tal muscle mass.

Correlation analysis showed a direct relationship be-
tween the increase in skeletal muscle mass and an increase
in total strength index (r=0.74; p <0.001), as well as be-
tween a decrease in waist circumference and a reduction
in the fat component (r =0.72; p <0.001). This confirmed
that the formation of muscle relief was determined not by
a single indicator, but by a combination of hypertrophy,
improved body composition and increased strength. The
relationship between body composition and strength and
power was revealed in the study by G. Ben Mansour et
al. (2021). The data obtained by the authors help to explain
the identified correlations, however, the sample of students
limits the direct transfer of these conclusions to bodybuild-
ers with systematic strength training experience. Single
and multi-stage drop sets were compared with traditional
strength training by M. Fasihiyan et al. (2023), assessing
muscle performance and body composition. This gives
grounds to interpret drop sets as a technique capable of
simultaneously influencing morphological and functional
indicators, although in the results obtained the effect was
inferior to the periodised approach. In a systematic review
by E. Baz-Valle et al. (2022), the authors found that the
effect of training volume on hypertrophy depends on the
structure of the programme and the level of fitness. This
approach explains why muscle mass gains were associated
with strength progress, but could not be fully determined
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by the amount of work performed alone. The acute and
chronic effects of drop sets, according to the conclusions
of T. Havers et al. (2026), depend on the protocol, train-
ing volume and comparison regime. This makes it possi-
ble to explain the positive dynamics in the drop sets group
without exaggerating the effectiveness compared to the
periodised programme. The findings of L. Moesgaard et
al. (2022) are closest to the revealed pattern, which showed
that periodisation can affect strength and hypertrophy
even with comparable training volume. That is why the
connection between the increase in skeletal muscle mass,
the increase in the strength index and the better results of
the periodised method can be explained not only by the
volume of training, but also by the rational alternation of
intensity, recovery and hypertrophic stimulus.
Comparison of the obtained data with scientific
sources made it possible to clarify the place of periodised
strength-hypertrophic training among the methods aimed
at the formation of muscle relief. Changes in body com-
position, anthropometric parameters and strength training
correspond to the conclusions of studies that proved the
importance of intensity, volume, load variability and recov-
ery control. The advantage of the periodised method was
manifested simultaneously in the increase in the muscle
component, the reduction of adipose tissue, the improve-
ment of body proportions and the increase in strength.

Conclusions
Comparison of body composition indicators showed that
all three strength training methods contributed to positive
morphological dynamics, but the greatest changes were re-
corded after periodised strength-hypertrophic training. In
this group, skeletal muscle mass increased by 2.4 kg, lean
mass by 2.6 kg, and the fat component decreased by 2.3%. In
the drop-set group, the corresponding changes were 1.5 kg,
1.7 kg, and 1.7%, and with the traditional hypertrophic
method - 1.1 kg, 1.3 kg, and 1.1%. This indicates that the
combination of strength and hypertrophic regimes provid-
ed a more pronounced body recomposition. Analysis of an-
thropometric parameters confirmed that the formation of
muscle relief depended not only on the increase in muscle
mass, but also on changes in body proportions. In the peri-
odised training group, shoulder girth increased by 1.6 cm,
chest girth by 2.5 cm, hip girth by 2.3 cm, while waist girth

decreased by 2.9 cm. In the drop-set group, these changes
were 1.3 cm, 1.8 cm, 1.6 cm, and 1.9 cm, respectively, and in
the traditional method group, 0.9 cm, 1.4 cm, 1.1 cm, and
1.4 cm. Thus, the periodised programme provided a better
combination of peripheral muscle segment development
and central girth reduction. Strength training improved
most significantly in the periodised strength-hypertrophic
training group.

TSI increased by 57.2 kg, which exceeded the increase
in the drop-set group by 25.5 kg and in the traditional
method group by 27.3 kg. The greatest advantage of this
technique was manifested in basic exercises that required
high mechanical tension, stabilisation and coordinated
work of large muscle groups. This confirmed that not only
hypertrophic volume, but also the systematic inclusion of
higher intensity approaches, is effective for strength gains
in bodybuilders. Correlation analysis showed a relationship
between morphological and strength changes. The increase
in skeletal muscle mass was associated with an increase in
TSI (r=0.74; p <0.001), and a decrease in waist circum-
ference was associated with a decrease in the fat compo-
nent (r=0.72; p<0.001). This proves that the formation of
muscle relief was complex and was determined by a com-
bination of hypertrophy, reduction of adipose tissue, im-
provement of anthropometric proportions and an increase
in strength training. The limitation of the study is the for-
mation of a sample of only men, which makes it impossible
to assess the sexual characteristics of adaptation, as well as
the 8-week duration of the experiment, which does not al-
low determining the long-term stability of morphological
and strength changes. In future studies, it is advisable to
involve bodybuilders of both sexes, and use a longer ob-
servation period to assess the preservation of muscle relief,
compositional changes and strength indicators after several
consecutive mesocycles of training.
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AHoTaujia. MeTo JOCTiIKeHHA 610 BUSHAYNUTY, 5K pisHi BapiaHTV opraHisaljil cCMI0BMX HaBaHTa)XXeHb BIUIMBAIOTh Ha
PO3BUTOK M’5130BOI Macly, 3MiHy KOMIIO3MIIil Ti/la Ta BUPasHICTb penbedy y cropTcMeHiB-6oaibingepis. Jocmimkennsa
IpoBefeHo Ha 6asi YMaHChKOro HaljioHampHOro yHiBepcurery (Ykpaina) 3 20 )x0BTHs 10 12 rpyass 2025 poKy 3a y4acTio
66 cropTcMeHiB-607i6inepiB 40M0BiuOI cTaTi, sIKi BUKOHYBa/IM 8-TIYDKHEBI IporpaMu TPafULiitHOTO TinepTpoditHOro
TPeHYBaHHs, [POI-CETiB i Mepiofu30BaHOrO CUIOBO-TiepTPOdIiYHOrO TPeHYBAHHs, a OLIHIOBAHHS IX e(eKTMBHOCTI
3[1JICHIOBAIM 3a JOIOMOTOI0 II€faroriyHOrO eKCIEePUMEHTY, 6i0iMIefaHCHOTO aHali3y, aHTPOIOMETpii, TeCTyBaHHA
OJJHOIIOBTOPHOTO MaKCMMYMY, PO3PaXyHKy CYMapHOTO CMJIOBOTO iHJEKCY Ta CTaTMCTMYHOTO aHanmisy. HaliBupasnimi
3MiHM KOMITO3MLI Tina BifOymucs y rpyni nepiofusoBaHOro CYJIOBO-TinepTpodidHOro TpeHyBaHHA: CKeIeTHA M S30Ba
Maca 3pocia Ha 2,4 K1, 6e3)KupoBa Maca — Ha 2,6 KI, a YaCTKa XMPOBOI TKaHMHY 3MeHIIIacs Ha 2,3 %, 1110 MOSICHIOEThCS
HOETHAHHAM BJMCOKOTO MEXaHIYHOTO HAIpY)XeHHs B 0a30oBMX BIIpaBax i3 JoCTaTHIM rimeprpodiuHumM obcsirom y
TOIOMDKHIUX pyXaX. AHTPOIIOMETPUYHI OKa3HMKY MiATBEPAUIN TIOKPALIeHHs penbedy: 00XBaT IIeda 361bIINBCA Ha
1,6 cM, TpyAHOI KTITKY — Ha 2,5 CM, CTeTHa — Ha 2,3 CM, TOAI K TasIisg 3MeHIIacs Ha 2,9 cM, 1o Bifo6pajkae IOKpallieHHs
npomnopuiit Tito6yrosu. CymapHmit cunoBmit ingexc 3pic Ha 57,2 kr mpotu 31,7 Kr y rpymi fpomn-cetis i 29,9 kr y rpymi
TpafiNLIiiiHOI METOAMKY, IO MiTBEPIPKYE MepeBary nepiofusanii fad po3BUTKY MaKcuManbHOI cvmn. KopenAaniiamit
aHasI3 [10Ka3aB 3B’A30K IIPUPOCTY CKEIETHOI M 'I30BOI Macu i3 citoBuM iHfexkcoM (r =0,74), a 3MeHIIeHHs Tamil — 3i
3HIDKEHHSIM >KUPOBOi TKaHMHM (r = 0,72), 0 JJOBOAUTH B3a€EMO3A/IKHICTh MOPQOIOridHNX | QYHKIIOHATBHUX 3MiH.
OTxe, mepiofms3oBaHe CUIOBO-TiepTpodiuHe TpeHYBaHHs HaileeKTUBHINle ITOERHANIO MPUPICT M’A30BOI MacH,
3HIDKEHHSI SKJMPOBOTO KOMIIOHEHTA, ITOKpallleHHs IPOIOpLiit i migBuieHHs cunu y 60ai6inaepis. PesynrpraTit MOXYTb
OyTM BUKOpUCTaHi TpeHepamu 3 6opibinpmury, daxiBusmm 3 ¢isuyHOI KyIbTYypM i CHOPTY Ta CIOPTCMEHaMU I
IUIAaHYBaHHA TPEHYBa/IbHUX IIPOrpaM, CIIPSAMOBAHUX Ha GOPMYBaHHA M A30BOr0 pelbedy I KOHTPOIb KOMIO3MII Tina

KniouoBi cnoBa: komnosmiiss Tima; 6e3xupoBa Maca; aHTPOIOMETPUYHI MapamMeTpyu; afamTanis; rinepTpodis;
mopdororiuHi 3MiHIL; POI-ceT
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Abstract. The purpose of the study was to clarify how the anthropometric characteristics of track-and-field athletes
are related to performance in sprint, middle-distance, and long-distance running. The study was conducted on 6-10
April 2025 at the Hryhorii Skovoroda University in Pereiaslav, with the participation of 90 male track-and-field athletes
aged 18-24 years, divided into sprint, middle-distance, and long-distance groups. Anthropometric indicators, control
running results, and statistical relationships between physical parameters and sports performance were assessed. The
results showed distance-specific features of anthropometric profile, running speed, correlation patterns, and regression
predictors. Sprinters had higher body mass, single-leg thigh circumference, and muscle mass percentage: 82.4 + 6.8 kg,
62.8+3.4 cm, and 47.8 +3.0%, which reflected the predominance of the muscle-strength component over short distances.
Among long-distance runners, lower body mass, body mass index, and fat mass percentage — 70.8 +5.7 kg, 22.6 + 1.3 kg/
m?, and 9.8+ 1.8% — were associated with greater economy in prolonged running. Mean speed was 8.63£0.41, 5.71 £0.32,
and 4.62 +0.28 m/s in the sprint, middle-distance, and long-distance groups, respectively. The correlations linked sprint
speed with muscle mass (r = 0.62), whereas in long-distance runners, speed had an inverse association with fat mass
(r=-0.56). The regression models explained 51%, 46%, and 49% of speed variability, confirming the different role of
anthropometric factors in each running specialisation. The results confirmed that the anthropometric determinants
of performance differ by running specialisation: muscle-strength parameters predominate in sprinting, whereas lower
fat mass and a more economical body-build profile are more important over long distances. In practical terms, these
data may be used by coaches, athletics teachers, and sports selection specialists to refine distance specialisation and
individualise the training process

Keywords: distance specialisation; sprint; body mass index; body build; long-distance runners; speed-strength realisation;
endurance

Introduction
Track and field includes running events in which sports
performance depends on a specific combination of mor-

with the individual morphological profile of the athlete.
Insufficient detail in anthropometric criteria for running

phological, functional, and biomechanical prerequisites.
In sprint, middle-distance, and long-distance running,
isolated physical parameters matter less than their inter-
relationship: height, body mass, lower-limb length, body
mass index (BMI), and the proportions of muscle and fat
components. Assessment of these characteristics helps to
substantiate sports specialisation more precisely, predict
performance, and select training-load parameters in line

events complicates the selection of optimal specialisation,
as physical parameters that support success in sprinting are
not always advantageous in middle-distance or long-dis-
tance running. This increases the likelihood of errors in
sports selection, inaccurate prediction of competitive po-
tential, and the choice of training loads that do not fully
match the morphological and functional capacities of the
track-and-field athlete.
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Performance in track-and-field running events de-
velops through the interaction of technical preparedness,
functional reserves, motor qualities, and the morphologi-
cal characteristics of the athlete; therefore, anthropometric
parameters should be interpreted together with biome-
chanical, functional, and training-related factors of sports
working capacity. I. Novikova et al. (2025) described the
influence of athletics on the physical condition of a person,
linking it with the development of endurance, coordina-
tion, speed abilities, and general functional readiness. This
approach emphasised that running events depend not only
on the amount of training work but also on the correspond-
ence between physical development and the demands of a
specific type of load. A. Kolot et al. (2025) substantiated the
importance of technical preparation in the system of sports
improvement for track-and-field athletes. Within this ap-
proach, anthropometric characteristics may be treated as
factors affecting running-stride length, movement ampli-
tude, the spatio-temporal organisation of running, and the
effectiveness with which muscular effort is realised. In the
study by I. Ivanyshyn et al. (2024), spirographic indicators
of functional reserves in veteran track-and-field athletes
specified the role of the respiratory system in maintaining
working capacity during running load. The results con-
firmed that the morphological profile of an athlete should
be assessed together with functional capacity, since run-
ning performance depends on the coherence of body build,
technique, and physiological support for movement.

The anthropometric profile of an athlete reflects the
morphological prerequisites for running work, because
height, body mass, limb proportions, BMI, and the ratio
of muscle to fat components determine the mechanical
and energetic conditions of movement along a distance.
O.S. Polianska et al. (2025) substantiated the value of an-
thropometric assessment for predicting sports perfor-
mance by treating physical parameters as a basis for deter-
mining the potential of an athlete and their correspondence
to the requirements of the chosen sport. The researchers
noted that anthropometry is used not only to describe the
external characteristics of an athlete but also to explain the
relationship between body build, motor capacity, and the
expected competitive result. N.V. Vdovenko et al. (2024)
addressed the features of the fat component in qualified
athletes of different specialisations and showed the varia-
bility of body composition according to the type of sports
load. The work established that, for representatives of cy-
clic events, assessment of fat mass is linked with determin-
ing the ratio between active and inactive body mass, since
excess fat may increase the energetic cost of motor work.
A. Stachon et al. (2023) showed that distance specialisation
among runners is accompanied by differences in morphol-
ogy and body composition. This supports the need for sep-
arate assessment of sprinters, middle-distance runners, and
long-distance runners because the same anthropometric
parameters may have different functional significance de-
pending on the type of running work.

Distance specialisation in running imposes different
requirements on body build, strength potential, move-
ment economy, and the ability to maintain a given load
intensity; accordingly, anthropometric characteristics
need to be interpreted with reference to the structure of
the specific distance. R. Pavlovic et al. (2022) analysed the

anthropometric parameters of elite sprinters and deter-
mined the predictive significance of height and body mass
for sports results. Their data confirmed that, in sprinting,
morphological characteristics are meaningful for per-
formance only in combination with running technique,
strength capacity, and the ability to realise high speed over
a short section. G.A. Christou et al. (2021) addressed the
anthropometric, cardiorespiratory, and haematological de-
terminants of marathon performance. The authors indicat-
ed that achievements in long-distance running depend not
on an isolated body-build indicator, but rather on a com-
bination of morphological parameters, cardiovascular ca-
pacity, oxygen-transport potential, and general endurance.
L.A. Peyré-Tartaruga et al. (2024) treated biomechanical,
physiological, and anthropometric predictors as interrelat-
ed factors in the performance of recreational runners. The
researchers demonstrated that running effectiveness arises
from the interaction of morphological profile, functional
capacity, and biomechanical movement characteristics.
Therefore, anthropometric assessment should be combined
with analysis of technique and physiological readiness.
P.T. Nikolaidis & B. Knechtle (2024) summarised the profile
of marathon runners and predictors of long-distance per-
formance. Their review confirmed that long-distance per-
formance is associated with lower body mass, optimal BMI,
a smaller fat component, high aerobic productivity, and
running economy, which differentiates the morphofunc-
tional demands of long distances from sprint specialisation.

The character of the relationship between anthropo-
metric characteristics and performance among track-and-
field athletes of different running specialisations remains
insufliciently clarified. The purpose of the study was to sub-
stantiate the role of anthropometric characteristics in form-
ing the performance of track-and-field athletes in running
events with different distance orientations. The following
objectives were defined: to characterise the anthropometric
and performance indicators of track-and-field athletes of
different running specialisations; to establish statistical re-
lationships between the physical parameters of athletes and
performance in sprint, middle-distance, and long-distance
running; and to determine the anthropometric characteris-
tics with the greatest predictive significance for sports suc-
cess in separate groups of running events.

Materials and Methods

Design and study setting

The work was conducted as a comparative correlational
study with a single recording of anthropometric and per-
formance indicators in track-and-field athletes. The study
setting was the Faculty of Physical Education, Sport and
Health of the Hryhorii Skovoroda University in Pereiaslav.
The choice of this setting was justified by its direct rele-
vance to athletics training, sports training, and assessment
of athletes’ performance in running events. It was also de-
termined by the availability of training conditions, sports
equipment, methodological support, and the possibility
of recording anthropometric and running indicators. The
study period lasted from 6 to 10 April 2025. It was select-
ed because it preceded the spring-summer competitive
period, when control results in running events reflect the
current level of special preparedness among track-and-
field athletes. The five-day period was sufficient to record
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the anthropometric parameters and running results of all
participants.

Characteristics of the study sample

The sample included 90 male track-and-field athletes who
were in years 1-4 of the Faculty of Physical Education,
Sport and Health at the Hryhorii Skovoroda University
in Pereiaslav. The participants were aged 18-24 years, and
their mean age was 20.8 + 1.7 years. A single-sex sample
was chosen to reduce the influence of sex differences in
body composition, strength capacity, and running results
on the assessment of the relationship between anthropo-
metric parameters and performance. The sample was di-
vided into three equal groups, 30 participants each, by
distance specialisation: sprinters (100 and 200 m), mid-
dle-distance runners (800 and 1,500 m), and long-distance
runners (5,000 and 10,000 m), 30 participants. The sample
was purposive. It was formed by distributing information
about the study among students of the athletics depart-
ment, members of sports groups, and representatives of the
training sections of the faculty.

The inclusion criteria were: study in years 1-4 at the
study setting; age 18-24 years; specialisation in track-
and-field running events; membership of one of the dis-
tance-specialisation groups; sports experience of at least 2
years; regular participation in the training process; com-
plete anthropometric indicators and a control result for the
main distance; absence of medical restrictions on running
loads; and voluntary consent to participate. The exclusion
criteria were: mixed or undefined running specialisation;
involvement in non-running track-and-field events; ir-
regular training during the preceding three months; acute
musculoskeletal injuries; abrupt body-mass change during
the preceding three months; incomplete assessment pro-
cedure; or withdrawal from participation. No participants
left the sample before the completion of the study, so group
sizes remained equal, and the analysis was carried out using
the full set of anthropometric and performance indicators.

Procedure for data collection and recording

Data were collected in two locations: anthropometric in-
dicators were recorded in a medical room designated for
standardised measurements, and control running results
were recorded on an athletics track designated for con-
trol trials. The procedure was conducted by a department
teacher and the coach of the training group, who super-
vised a uniform measurement procedure, correct recording
of indicators, and allocation of athletes according to dis-
tance specialisation. Anthropometric measurements were
conducted individually in the first half of the day, from 9:00
to 12:00, before the main training session and after a 2-3-
hour period without food. Participants also avoided inten-
sive physical load on the previous day, which reduced the
influence of fatigue, body mass fluctuations, food intake,
and hydration status on the assessment results.

Age, year of study, sports experience, main running
distance, and specialisation group were recorded first.
Height, body mass, lower-limb length, thigh circumference,
fat mass percentage, and muscle mass percentage were then
measured. Height was measured with a stadiometer in a
standing position without shoes, accurate to 0.5 cm, and
body mass was measured using Seca 876 electronic medi-

cal scales (Seca GmbH & Co. kg, Germany), in light sports
clothing and without shoes, accurate to 0.1 kg. Lower-limb
length was measured with an anthropometric tape from the
anterior superior iliac spine to the floor in a standing posi-
tion, and thigh circumference was measured at the level of
the greatest circumference, accurate to 0.1 cm. Body-com-
position indicators were recorded by bioelectrical imped-
ance analysis using a Tanita BC-545N body composition
analyser (Tanita Corporation, Japan); before measurement,
participants removed metal objects and maintained the
body position specified in the device instructions. BMI was
calculated using the following formula:

m
BMI = P (1)
where BMI - body mass index, kg/m? m - body mass of
the athlete, kg; h — height of the athlete, m. The ratio of
lower-limb length to height (LLL/H) was calculated using
the following formula:

LLL/H = % x 100, )

where LLL/H - ratio of lower-limb length to height, %;
L,, - lower-limb length, cm; h - height of the athlete, cm.
The resulting indicator reflected the proportion of low-
er-limb length within total body length and was used to
assess body-build proportionality in runners. The an-
thropometric assessment procedure was identical for the
three distance-specialisation groups: sprint, middle-dis-
tance running, and long-distance running, which ensured
comparability of indicators between groups. The anthro-
pometric indicators obtained were used to characterise
mass-height parameters, body-build proportionality, and
body composition in track-and-field athletes of different
distance specialisations.

The differences concerned the recording of sports per-
formance: in the sprint group, the time for 100 or 200 m
was recorded; in the middle-distance group - for 800 or
1,500 m, and in the long-distance group - for 5,000 or
10,000 m. Distances followed the standard markings of the
athletics track, and time to cover the distance was record-
ed using a Casio HS-80TW-1EF electronic stopwatch (Ca-
sio Computer Co., Ltd., Japan), accurate to 0.01 s. Control
runs were conducted after a standard warm-up under the
supervision of the coach; one result for the main distance
was recorded for each participant. Mean running speed
was calculated to compare results across different distances
using the following formula:

V= ) (3)

where V - mean running speed, m/s; S - distance length,
m; t - time taken to cover the distance, s. A standardised
performance index was calculated for additional compari-
son of athletes from different distance specialisations using
formula:

pl = _tmaxTi (4)
Tmax—Tmin
where PI - standardised performance index, arbitrary units;
T, - individual time of the athlete over the main distance,
s; T, . — greatest time in the corresponding distance group,
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s; T, — shortest time in the corresponding distance group,
s. The index ranged from 0 to 1, with a higher value cor-
responding to a better result within the relevant distance
group. After the measurement, the data were entered into
a consolidated electronic spreadsheet using an individual
participant code and without personal information. The
control-run result, mean running speed, and standardised
performance index were treated as sports-performance in-
dicators, which allowed comparing the physical parameters
of athletes with their results in sprint, middle-distance, and
long-distance running.

Methods of statistical analysis

Statistical analysis was conducted after checking data com-
pleteness and coding participants by distance-speciali-
sation group. Quantitative data were summarised using
descriptive statistics, including the mean level of the indi-
cator, standard deviation, and the minimum and maximum
recorded values. The distribution of variables was checked
using the Shapiro-Wilk test. One-way analysis of variance
(ANOVA) was used to compare anthropometric and per-
formance indicators among the three groups when the data
were normally distributed. When statistically significant
inter-group differences were present, post-hoc pairwise
comparisons with Bonferroni correction were performed.
The relationship between anthropometric parameters and
sports performance was determined using correlation anal-
ysis. Pearson’s coefficient was used for normally distributed
variables, and Spearman’s coefficient - for variables with a
non-normal distribution. Correlation strength was inter-
preted as follows: below 0.30 - weak; 0.30-0.49 — moderate;
0.50-0.69 — pronounced; and 0.70 or above - strong.

The predictive significance of anthropometric param-
eters for sports performance was assessed using multiple
linear regression. Mean running speed was the dependent
variable, while height, body mass, BMI, lower-limb length,
thigh circumference, fat mass percentage, muscle mass per-
centage, and LLL/H - the independent variables. Separate
regression models were constructed for the whole sample
and for the sprint, middle-distance, and long-distance
groups. Results were treated as statistically significant at

p <0.05. IBM SPSS Statistics 26.0 (USA) was used for sta-
tistical processing of the collected dataset, and the results
were interpreted with reference to correlation coefficients,
standardised B coefficients, and the explained variance R%.

Ethical aspects and study limitations

The study was organised in accordance with the basic eth-
ical principles of voluntary participation, informed con-
sent, confidentiality, and risk minimisation, consistent
with the provisions of The Declaration of Helsinki (2024).
Participants were informed in advance about the purpose,
measurement procedures, and use of data in a summa-
rised form. Personal data were not entered into the final
database, and each participant was assigned an individual
code. The procedures did not involve medical interven-
tion, the use of medicines, or experimental influence on
the body of the athletes. One limitation of the study was its
cross-sectional assessment, which did not allow changes
in anthropometric characteristics and sports performance
to be traced across a training cycle. The sample also in-
cluded only male track-and-field athletes of student age,
so the results should not be directly generalised to female
athletes, juniors, or track-and-field athletes from other age
and qualification groups.

Results
Anthropometric profile of track-and-field athletes
of different distance specialisations
The anthropometric profile of male track-and-field athletes
was assessed according to distance specialisation. Compar-
ison of the three groups showed pronounced inter-group
differences: sprinters had higher values for body mass,
BMI, thigh circumference, and muscle mass; long-distance
runners had lower mass-height and composition indica-
tors; and middle-distance runners occupied an intermedi-
ate position for most parameters. This structure of results
reflected different morphological correspondence between
athletes and the demands of short, middle, and long dis-
tances. Descriptive statistics for anthropometric indicators
are presented in Table 1. BMI was calculated using formu-
la (1), and LLL/H was calculated using formula (2).

Table 1. Anthropometric indicators of track-and-field athletes of different distance specialisations, M + SD

Indicator Sprint,n=30 Middle distances, n=30 Long distances, n=30
Height, cm 181.2+56 179.4+53 176.8+5.1
Body mass, kg 82.4+6.8 756+6.1 70.8+5.7
BMI, kg/m? 251:16 235:14 226+13
Lower-limb length, cm 94140 92.7+3.8 91.1+36
LLL/H, % 519+15 51714 51514
Single-leg thigh circumference, cm 62.8+3.4 59631 56.4+29

Fat mass percentage, % 12.2+23 11020 98+18

Muscle mass percentage, % 478+30 45928 44.2+26

Source: compiled by the authors

According to Table 1, sprinters had the highest mean
values for body mass, BMI, single-leg thigh circumference,
and muscle mass percentage. Body mass in this group was
82.4+6.8 kg, BMI was 25.1 + 1.6 kg/m?, single-leg thigh cir-
cumference was 62.8 + 3.4 cm, and muscle mass percentage
was 47.8 +3.0%. This anthropometric profile reflected the
specificity of short distances, where performance depends

on the ability of an athlete to develop high mechanical
power quickly, execute the start acceleration effectively, and
maintain maximal speed over a short section. Higher body
mass in sprinters should not be interpreted here as an un-
favourable characteristic, as it was combined with a larger
muscle component and a greater thigh circumference. This
points to more pronounced development of the lower-limb
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muscles, associated with push-off force, stride length, and
the ability to generate explosive strength.

Middle-distance runners occupied an intermediate
position between sprinters and long-distance runners
for most indicators. Their body mass was 75.6 + 6.1 kg,
BMI - 23.5+ 1.4 kg/m? single-leg thigh circumference —
59.6 £ 3.1 cm, and muscle mass percentage — 45.9 + 2.8%.
This profile reflected the mixed nature of the load in 800
and 1,500 m running, where the athlete has to combine
sufficient muscular power with endurance and movement
economy. Excessive increases in body mass or circumfer-
ence indicators may raise the energetic cost of running,
whereas insufficient development of the muscle compo-
nent may restrict the ability to maintain high intensity
over the distance. The mean values in this group therefore
characterise a compromise morphological profile, com-
bining prerequisites for speed work and sustained pace
maintenance.

Long-distance runners had lower mean values for
body mass, BMI, single-leg thigh circumference, fat mass
percentage, and muscle mass percentage than the oth-
er groups. Body mass in this group was 70.8 = 5.7 kg,
BMI - 22.6 £ 1.3 kg/m?, single-leg thigh circumference —
56.4+2.9 cm, and fat mass percentage — 9.8 + 1.8%. This
profile does not imply insufficient physical development;
rather, it reflects another morphological suitability for
long-distance running. Over prolonged distances, lower
body mass and a smaller fat component may reduce the
energetic cost of movement, minimise mechanical load
on the musculoskeletal system, and help maintain a stable
pace. However, preservation of a sufficient muscle mass
percentage in this group indicates that endurance speciali-
sation does not require minimisation of the muscle compo-
nent but its optimal level for prolonged cyclic work.

LLL/H was similar in the three groups: 51.9 + 1.5%
in sprinters, 51.7 + 1.4% in middle-distance runners, and
51.5+ 1.4% in long-distance runners. This demonstrates
that relative lower-limb length was not the leading marker

of inter-group differentiation within this sample. Absolute
lower-limb length was slightly greater in sprinters, but this
difference corresponded to their higher mean height. Thus,
distance-specific features of the anthropometric profile
were expressed through body mass, BMI, single-leg thigh
circumference, and the ratio of muscle and fat components,
rather than through sharply pronounced differences in
lower-limb proportionality.

The results show that the anthropometric profile of
track-and-field athletes differs according to distance spe-
cialisation. Sprinters had higher mass-height indicators,
greater single-leg thigh circumference, and a higher muscle
mass percentage, reflecting the predominance of speed-
strength demands over short distances. Middle-distance
runners had intermediate values for most parameters
beacuse this specialisation combines the need for mus-
cular power with the ability to sustain an intensive load.
Long-distance runners had lower body mass, lower BMI,
and a smaller fat mass percentage, which corresponds to
the demands of prolonged cyclic work and reduced ener-
getic cost of running.

Sports performance of track-and-field athletes

in control running trials

The control running trials recorded differences in per-
formance among track-and-field athletes of different dis-
tance specialisations. The highest mean running speed was
characteristic of sprinters, lower values were observed in
middle-distance runners, and the lowest values were re-
corded in the long-distance group. This structure reflected
the different character of competitive load: short distances
require maximal speed realisation, middle distances com-
bine speed and endurance, and long distances depend on
the ability to maintain a stable pace over a long period. For
correct comparison of the groups, Table 2 presents not only
the time to cover the main distance, but also mean running
speed, calculated using formula (3), and the standardised
performance index, calculated using formula (4).

Table 2. Sports performance indicators of track-and-field athletes in control running trials, M + SD

Indicator Sprint,n=30 Middle distances, n=30 Long distances, n=30 p

Main distance 100/200 m 800/1,500 m 5,000/10,000 m -

Time to cover the distance, s 18.9+72 267.4+89.6 2,1785+612.7 -
Mean running speed, m/s 8.63+0.41 5.71+0.32 462+0.28 <0.001
Standardised performance index, arbitrary units 0.71+0.12 0.64+0.11 0.58+0.10 0.004

Note: the time to cover the distance is presented as a characteristic of the result within the relevant group; direct inter-group comparison
of absolute time was not performed because the distances differed; inter-group comparison was performed for mean running speed and

the standardised performance index
Source: compiled by the authors

The data in Table 2 show that the highest mean speed
was recorded in sprinters and was 8.63 +0.41 m/s. This re-
sult reflects the specificity of short distances, where start ac-
celeration, high movement frequency, push-oft power, and
the ability to maintain maximal or near-maximal speed for
a short time are of primary importance. However, this indi-
cator should not be interpreted as a higher general level of
preparedness compared with the other groups, since sprint
performance is formed under short-duration load with a
predominance of the speed-strength component. The high

mean speed in this group characterised a specific type of
competitive realisation inherent in short distances rather
than a universal advantage.

In middle-distance runners, mean speed was
5.71+0.32 m/s, which was lower than in sprinters but high-
er than in long-distance runners. This indicator reflected
the intermediate nature of 800 and 1,500 m running, where
the result depended on a combination of speed capacity,
strength endurance, pace stability, and resistance to fatigue.
Unlike sprinting, high start speed or maximal speed alone
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is not sufficient in this group, as the athlete must maintain
movement intensity over a longer period. Mean speed in
middle-distance runners represented a balance between the
power of motor actions and the ability to maintain the pace.

In the long-distance group, mean speed was
4.62 +0.28 m/s. The lower value of this indicator was ex-
pected since covering 5,000 and 10,000 m involves longer
work, a predominance of aerobic energy supply, and the
need to distribute effort rationally over the distance. For
long-distance runners, performance is determined not by
achieving maximal speed but by the ability to maintain
a stable pace, preserve movement economy, and avoid a
sharp decrease in working capacity at the end of the dis-
tance. In this context, lower mean speed does not indicate
lower sports preparedness but reflects another mechanism
of achieving results, associated with endurance and func-
tional stability (Hayes & Gordon, 2021).

Mean running speed differed according to the distance
specialisation of the athletes, as confirmed by the statisti-
cal significance level of p <0.001. This shows that the speed
component of performance depended substantially on dis-
tance specialisation and on the structure of the running
load. Statistically significant differences were also recorded
for the standardised performance index (p =0.004). The
highest mean value of this index was observed in sprint-
ers, the intermediate value in middle-distance runners, and
the lowest value in long-distance runners. This gradation
may be associated with the fact that, over short distances,
performance depends more directly on morphological and
speed-strength parameters, whereas over long distances,

pace, tactics, movement economy, aerobic productivity,
and resistance to prolonged load are also important.

The results show that each group had its own
sports-performance profile. Sprinters had the highest mean
speed, which corresponds to the demands of short-du-
ration speed-strength work. Middle-distance runners
demonstrated intermediate values reflecting the combina-
tion of speed and endurance. Long-distance runners had
lower mean speed, but this feature corresponds to the spec-
ificity of prolonged cyclic load, where maintaining pace
and economising motor activity are decisive. Therefore,
sports performance in control trials has pronounced dis-
tance-specific features and cannot be assessed only by the
absolute time taken to cover the distance.

Correlations between anthropometric parameters

and performance

Correlation analysis showed different structures of asso-
ciation between anthropometric parameters and mean
running speed in groups with different distance special-
isations. In sprinters, performance was most closely as-
sociated with indicators of the muscle component and
lower-limb parameters, whereas in long-distance runners,
stronger inverse relationships were recorded for body
mass, BMI, and fat mass percentage. In the middle-dis-
tance group, the pattern of relationships was intermediate,
with relevance for both muscle mass and indicators re-
flecting the energetic cost of running. Table 3 systematises
the correlations between anthropometric parameters and
mean running speed.

Table 3. SCorrelations between anthropometric indicators and mean running speed, r

Indicator Sprint, n=30 Middle distances, n=30 Long distances, n=30 Entire sample, n=90
Height 0.38* 0.21 018 0.29"
Body mass 031 -0.36" -0.48** -0.22
BMI 0.27 -0.41° -0.52** -0.31*
Lower-limb length 0.46** 0.32* 0.24 0.35**
LLL/H 0.34* 0.28 0.19 0.27*
Single-leg thigh circumference 058"~ 0.39* -0.33* 0.18
Fat mass percentage -0.447 -0.49™ -0.56** -0.51*
Muscle mass percentage 0.62** 0.45™~ 0.29 0.48*

Note: *p <0.05; **p <0.01; positive r values reflect a direct relationship between the indicator and mean running speed, while negative —

an inverse relationship
Source: compiled by the authors

In the sprint group, the closest relationships with mean
running speed were recorded for muscle mass percentage
(r=0.62; p<0.01), single-leg thigh circumference (r=0.58;
p <0.01), and lower-limb length (r =0.46; p <0.01). This
indicates that sprint performance was more closely linked
with indicators characterising the muscle component and
biomechanical prerequisites for high-speed running. High-
er muscle mass percentage and greater single-leg thigh
circumference may reflect better conditions for push-off
force, start acceleration, and maintenance of high move-
ment frequency. The positive relationship with lower-limb
length also has a functional explanation - this parameter
may affect the spatial structure of the running stride. Fat
mass percentage had an inverse relationship with speed

(r=-0.44; p<0.01), which corresponds to lower speed real-
isation when inactive body mass increases.

In middle-distance runners, the correlation structure
was more balanced. The most pronounced relationships
were recorded between mean speed and fat mass percent-
age (r=-0.49; p <0.01), muscle mass percentage (r = 0.45;
p <0.01), BMI (r=-0.41; p <0.05), single-leg thigh cir-
cumference (r=0.39; p <0.05), and body mass (r =-0.36;
p <0.05). This distribution of correlations shows that per-
formance in 800 and 1,500 m running was associated with
the relationship between body mass, muscle mass, and fat
component, in addition to the development of the muscle
component. The positive relationship of muscle mass and
thigh circumference with speed reflected the importance of
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strength endurance and the ability to maintain an intensive
pace. By contrast, the inverse relationships with body mass,
BM]I, and fat mass showed that excessive mass-height pa-
rameters may increase the energetic cost of movement and
reduce running effectiveness over middle distances.

In long-distance runners, the strongest inverse corre-
lations with speed were recorded for fat mass percentage
(r=-0.56; p <0.01), BMI (r=-0.52; p <0.01), and body
mass (r=-0.48; p<0.01). This highlights that performance
among long-distance runners was primarily linked with a
lighter mass-height profile and a lower proportion of inac-
tive body mass. In prolonged running, excess mass increas-
es mechanical load on the musculoskeletal system, raises
the energetic cost of movement, and may reduce move-
ment economy. Single-leg thigh circumference had a mod-
erate inverse relationship with speed (r =-0.33; p <0.05),
which differentiated this group from sprinters and mid-
dle-distance runners. This suggests that, for long distances,
an excessively pronounced circumference-related muscle
component of the lower limbs is not always associated with
better performance since additional mass may increase en-
ergy expenditure during prolonged cyclic work.

For the whole sample, the most stable relationships with
mean running speed were recorded for fat mass percent-
age (r=-0.51; p<0.01), muscle mass percentage (r =0.48;
p <0.01), lower-limb length (r=0.35; p <0.01), and BMI
(r=-0.31; p <0.05). The general pattern was that a high-
er muscle component and greater lower-limb length were
linked with better speed realisation, whereas a larger fat
mass percentage and higher BMI had inverse relationships
with performance. However, the general correlations did
not fully reflect the specificity of separate distances because

the same anthropometric indicator had different functional
significance in sprint, middle-distance, and long-distance
running. For example, single-leg thigh circumference cor-
related directly with speed in sprinters but inversely in
long-distance runners, confirming that the role of anthro-
pometric factors depends on the type of competitive load.
Thus, correlation analysis determined that the rela-
tionship between anthropometric parameters and sports
performance had pronounced distance-specific features.
In sprinting, performance was most strongly associated
with muscle mass, single-leg thigh circumference, and
lower-limb length. In middle-distance running, the lead-
ing feature was a balanced relationship between the mus-
cle component, body mass, and a low fat mass percentage.
In long-distance running, better results were linked with
lower body mass, lower BMI, and a smaller fat component.
Anthropometric characteristics did not have a universal in-
fluence on performance. Their role changed according to
the distance specialisation of the track-and-field athletes.

Anthropometric predictors of performance

in running events

Regression analysis established that the anthropometric
characteristics associated with mean running speed dif-
fered according to distance specialisation. In sprinters, per-
formance was explained mainly by indicators of the muscle
component and lower-limb parameters; in middle-distance
runners — by a combination of muscle and fat mass with
BMI; and in long-distance runners - by lower fat mass per-
centage, BMI, and lower-limb proportionality. Summary
results of the multiple linear regression models are present-
ed in Table 4.

Table 4. Regression models of anthropometric predictors of mean running speed

Group Predictor B p Model R?

Muscle mass percentage, % 0.42 0.004

Sprint,n=30 Single-leg thigh circumference, cm 0.34 0.012 0.51
Lower-limb length, cm 0.27 0.041
Fat mass percentage, % -0.39 0.007

Middle distances, n=30 Muscle mass percentage, % 0.31 0.021 0.46
BMI, kg/m? -0.26 0.048
Fat mass percentage, % -0.44 0.003

Long distances, n=30 BMI, kg/m? -0.33 0.014 0.49
Body mass, kg -0.28 0.039

Note: B - standardised regression coeflicient; R2 - proportion of explained variance in mean running speed; the table presents

statistically significant predictors
Source: compiled by the authors

In the sprint group, the model explained 51% of the
variability in mean running speed. Muscle mass percentage
made the largest positive contribution (f =0.42; p=0.004),
indicating a relationship between the development of
the active muscle component and the capacity for speed-
strength realisation. Single-leg thigh circumference also re-
tained an independent statistical relationship with perfor-
mance (p=0.34; p=0.012), reflecting the role of lower-limb
muscular development in forming push-oft force, start ac-
celeration, and maintenance of high movement frequency.
Lower-limb length had a weaker but statistically significant
contribution (f=0.27; p=0.041), which may be associated
with biomechanical prerequisites for running-stride length.

In the middle-distance group, the regression model ex-
plained 46% of the variability in mean speed. The most pro-
nounced inverse relationship was recorded for fat mass per-
centage (p=-0.39; p=0.007), exhibiting lower performance
with a higher proportion of inactive body mass. Muscle mass
percentage had a positive relationship with mean speed
(B=0.31;p=0.021),although its contribution waslower than
in the sprint group. BMI had an inverse relationship with
performance (f=-0.26; p=0.048), stressing the importance
of mass-height balance in 800 and 1,500 m running. Thus,
for middle distances, performance was determined not by
a single anthropometric parameter but by the relationship
between the muscle component, body mass, and fat mass.
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In the long-distance group, the model explained 49%
of the variability in mean running speed. The leading pre-
dictor was fat mass percentage ( =-0.44; p=0.003), which
pointed to its inverse relationship with performance during
prolonged cyclic load. BMI also had a statistically signifi-
cant inverse relationship ( =-0.33; p=0.014), while body
mass retained an independent contribution to the model
(B=-0.28; p=0.039). This model structure demonstrated
that, over long distances, a more successful profile was as-
sociated with lower mass-height indicators and a smaller
fat component. Unlike in sprinting, single-leg thigh cir-
cumference and muscle mass percentage were not among
the significant predictors, reflecting a different morpholog-
ical basis for long-distance performance.

The regression analysis showed that anthropometric
predictors of performance differed according to distance
specialisation. In sprinting, mean speed was determined
mainly by the muscle component, single-leg thigh cir-
cumference, and lower-limb length. In middle-distance
running, muscle mass percentage, fat mass percentage,
and BMI were all relevant, reflecting the mixed speed-en-
durance character of the load. In long-distance running,
performance was associated primarily with lower fat mass
percentage, BMI, and body mass. In general, the regression
models confirmed that anthropometric characteristics have
different predictive roles in sprint, middle-distance, and
long-distance running.

Practical recommendations

for distance orientation in track-and-field athletes

The results provide grounds for practical recommenda-
tions on the use of anthropometric assessment in sports
selection, refinement of distance specialisation, and indi-
vidualisation of the training process. This does not mean
setting rigid standards for body mass, BMI, thigh circum-
ference, or the proportions of muscle and fat mass. Rather,
these characteristics should be used as auxiliary reference
points. The anthropometric profile should be interpreted
together with control running results, running technique,
functional readiness, training experience, and the athlete’s
response to load. This approach is important because the
identified relationships pointed to not a universal advan-
tage of a single body-build indicator but its different value
according to distance specialisation. The results established
that sprinters, middle-distance runners, and long-distance
runners had different leading anthropometric predictors of
performance, so coaching decisions should be differentiat-
ed rather than applied uniformly to all runners.

For athletes who show a pronounced muscle-strength
profile and high speed capacity, orientation towards sprint
events is appropriate. In this group, practical significance
belongs not to total body mass in itself but to its function-
al structure, namely the predominance of active muscle
component over inactive mass. If an athlete has sufficient
development of lower-limb muscles, a higher muscle mass
percentage, pronounced thigh circumference, and the abil-
ity to realise start acceleration quickly, this may point to
favourable prerequisites for short distances. In the training
process for such athletes, emphasis should be placed on
the development of explosive strength, maximal push-oft
power, reactive muscle capacity, running-stride frequency,
and start technique. The coach should also ensure that the

body-mass increase does not occur through the fat com-
ponent or through excessive muscle volume that does not
improve speed realisation. In practical terms, this means
regular monitoring of body composition, assessment of con-
trol-section dynamics, and comparison of strength indica-
tors with actual running speed. If an increase in muscle mass
is not accompanied by improvement in acceleration, stride
frequency, or mean speed, strength training should be ad-
justed towards greater specialisation and speed orientation.

For middle-distance runners, recommendations
should focus on maintaining a functional balance between
muscular power, endurance, and movement economy.
This specialisation requires neither the maximal mus-
cle-strength profile typical of sprinting nor an excessively
light body-build profile characteristic of long-distance run-
ners. An athlete oriented towards 800 and 1,500 m should
combine the ability to run at high intensity with the capac-
ity to maintain pace as fatigue increases. In sports selection
and subsequent preparation, it is necessary to assess the
relationship between body mass, muscle component, fat
mass, and BMI, instead of a single anthropometric indica-
tor. If an athlete has an intermediate anthropometric pro-
file, demonstrates sufficient speed over shorter sections, and
can maintain a stable pace over longer control distances,
they may be treated as a potential middle-distance runner.
The training process for this group should combine speed-
strength work, interval loads, tempo running, strength-en-
durance exercises, and recovery control. Excessive body-
mass increase may complicate pace maintenance, whereas
insufficient development of the muscle component may
reduce the capacity for finishing acceleration and high-in-
tensity work. Therefore, preparation should be adjusted not
towards changing one indicator but towards preserving the
optimal relationship between strength and endurance pre-
requisites for performance.

For long-distance runners, practical recommendations
should be based on monitoring the mass-height profile,
fat mass percentage, and the athlete’s ability to maintain
economical movement during prolonged load. The results
showed that lower body mass, lower BMI, and a smaller fat
component are more important for long-distance runners,
but these indicators must not be interpreted as grounds for
mechanical weight reduction. In training practice, long-
term body-mass reduction without regard to functional
state may impair recovery, reduce strength endurance, and
increase the risk of overfatigue. The coach should assess
body mass and body composition together with pace stabil-
ity, tolerance of training volume, dynamics of results, and
signs of recovery. If an athlete has a lighter body-build pro-
file, lower fat mass percentage, stable running technique,
and the ability to maintain an even pace for a long time,
this may support orientation towards 5,000 and 10,000 m
distances. Training for such track-and-field athletes should
empbhasise aerobic endurance, running economy, pace sta-
bility, and the ability to preserve effective technique under
fatigue. Control of anthropometric indicators should serve
a preventive function: it should identify excessive growth
of inactive mass or, conversely, undesirable reduction of the
muscle component in time.

In sports selection practice, the results may be used
as an instrument for preliminary distance orientation.
If the morphological profile of an athlete corresponds to
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sprint prerequisites but control results do not show suffi-
cient speed realisation, it is preferable not to change spe-
cialisation immediately, but first to analyse start technique,
push-oft force, stride frequency, and the quality of speed-
strength preparation. If an athlete has an intermediate
profile and unstable results between shorter and longer
distances, testing under different pace regimes is appropri-
ate to clarify whether the athlete performs better through
speed, endurance, or their combination. If a track-and-field
athlete has long-distance anthropometric prerequisites but
does not show pace stability, functional readiness, aerobic
training volume, and recovery capacity should be checked.
The practical value of the data lies in the possibility of us-
ing the anthropometric profile as an additional basis for
individualising preparation. Anthropometric indicators
do not replace coaching observation, control starts, or
functional testing, but they help explain more precisely
why one athlete performs better in sprinting, another - in
middle-distance running, and a third - in prolonged run-
ning. The most effective approach is comprehensive: body
build, body composition, speed indicators, endurance, and
technique should be viewed as interrelated components of
sports performance.

Discussion

Comparison of the groups showed that the morphological
characteristics of track-and-field athletes differed in their
expression among sprinters, middle-distance runners, and
long-distance runners. Sprinters had higher mass-height
indicators, greater single-leg thigh circumference, and a
higher muscle mass percentage, whereas long-distance
runners had lower values for body mass, BMI, and fat com-
ponent. Middle-distance runners occupied an intermediate
position for most parameters. Correlation and regression
analyses showed that the relationship between anthropo-
metric characteristics and mean running speed was dis-
tance-specific: the muscle component and lower-limb pa-
rameters were more important for sprinting, whereas lower
body mass and a smaller fat mass percentage were more
important for long distances.

The results confirmed that the anthropometric pro-
file of track-and-field athletes differed according to dis-
tance specialisation: among sprinters, body mass was
82.4+6.8 kg, single-leg thigh circumference - 62.8 £3.4 cm,
and muscle mass percentage — 47.8 + 3.0%; in middle-dis-
tance runners, the corresponding values were 75.6 + 6.1 kg,
59.6 3.1 cm, and 45.9 +2.8%; and in long-distance run-
ners — 70.8 £5.7 kg, 56.4 £ 2.9 cm, and 44.2 £ 2.6%. This
gradation of indicators reflected a more pronounced
muscle-strength component in sprinters, an intermedi-
ate anthropometric profile in middle-distance runners,
and a lighter body-build profile in long-distance runners.
This pattern is consistent with the data of C. Sanchez Mu-
noz et al. (2020), who addressed anthropometric charac-
teristics, body composition, and somatotype in young elite
runners. The researchers showed that the morphological
profile of runners is associated with specialisation, which
coincides with the inter-group differences recorded in the
present study. Similar results were obtained by C.A. Her-
rera-Amante et al. (2025), who analysed anthropometric
characteristics and athletic performance in track-and-field
athletes at different competition levels. Unlike the broader

disciplinary approach in that work, the presented study
specified the morphological factors of performance for
sprint, middle-distance, and long-distance running. Partial
correspondence with the results of M. Thuany et al. (2023a)
is observed in the relationship between mass-height pa-
rameters and running performance. However, that paper
treated BMI together with training volume as a mediator of
performance, whereas the present study focused primarily
on anthropometric differences between distance groups.

Mean running speed was 8.63 + 0.41 m/s in sprint-
ers, 5.71 £ 0.32 m/s in middle-distance runners, and
4.62 + 0.28 m/s in long-distance runners; inter-group
differences were statistically significant (p < 0.001). The
standardised performance index also differed among the
groups and was 0.71 + 0.12 in sprinting, 0.64 + 0.11 in
middle-distance running, and 0.58 +0.10 in long-distance
running. The difference between the speed profiles of
sprinters and middle-distance runners corresponds to the
results of O. Wiriawan & M. Kesa (2020), who compared
the physical capacities of representatives of these special-
isations. Their study underscored that sprint performance
is associated with short-term speed realisation, whereas
middle-distance events require a combination of speed,
endurance, and the ability to maintain load intensity. The
event-specific character of the results was also confirmed
by M. George (2025), who analysed kinanthropometric
predictors of performance in different athletics events. In
contrast to the disciplinary approach of that researcher, the
present study specified morphological performance factors
for sprint, middle-distance, and long-distance running.
The explanation of lower mean speed among long-distance
runners is in agreement with the provisions of P.R. Hayes &
D.A. Gordon (2021), who described the physiological de-
terminants of middle and long distances. In this context,
the speed of long-distance runners cannot be interpreted
as a lower level of preparedness, because prolonged load
is based on a different relationship between aerobic pro-
ductivity, pace stability, and movement economy. Results
concerning middle-distance runners were supplemented
by the data of N.P. Radhakrishnan et al. (2025), who ana-
lysed the influence of training load, physiological features,
and recovery on performance. This broadened the inter-
pretation of the data obtained, as the mean speed in 800
and 1,500 m running is formed not only by anthropometric
profile but also by functional readiness and the ability to
maintain the required pace.

Correlation analysis showed that, in sprinting, mean
speed was most closely associated with muscle mass per-
centage (r=0.62), single-leg thigh circumference (r=0.58),
and lower-limb length (r=0.46). In long-distance runners,
the strongest inverse relationships were recorded for fat
mass percentage (r=-0.56), BMI (r=-0.52), and body mass
(r = -0.48). The relationship between body composition
and 100 m performance described by A. Azim et al. (2025)
aligns with the results of the present study for sprinters. In
the sprint group, mean speed correlated most closely with
muscle mass percentage and single-leg thigh circumfer-
ence, confirming the role of the active muscle component
in speed-strength realisation over a short distance. Y. Aika-
wa et al. (2020) addressed the relationship of height, body
mass, muscle mass, fat mass, and fat percentage with sports
results in male track-and-field athletes. Their data coincide
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with the present results regarding the different directions
of association between muscle and fat components and
performance across running specialisations. The findings
of J. Rosado et al. (2020) on body composition in long-dis-
tance runners correspond to the indicators obtained for
long-distance runners in this study, where fat mass per-
centage and BMI had inverse correlations with mean
speed. This comparison confirmed that, in prolonged run-
ning, performance is associated not only with endurance
but also with a body-build profile that reduces the energet-
ic cost of movement. D. Tomita et al. (2020) confirmed the
relationship identified in the sprint group between low-
er-limb parameters and running speed. Direct comparison
is limited, however, because those researchers analysed the
length of separate bone segments of the lower limb, where-
as the present study used the total anthropometric indica-
tor of lower-limb length. J.E Rickta et al. (2025) addressed
the correlation between fat mass percentage and aerobic
capacity in athletes and linked body composition with
functional capacity. These data provide a broader expla-
nation of the results obtained in the long-distance group,
particularly the inverse relationship between fat mass per-
centage and mean running speed.

Regression analysis showed that, in sprinting, the
model explained 51% of the variability in mean speed,
and the significant predictors were muscle mass percent-
age (B =0.42), single-leg thigh circumference (B =0.34),
and lower-limb length (f =0.27). In middle-distance run-
ning, the model explained 46% of variability, in long-dis-
tance running - 49%. In both groups, fat mass percentage
played a significant role with negative p coeflicients. The
analysis of runners’ body composition by A. Dammicco &
G. Reina (2025) supports the use of fat and muscle mass as
variables in regression models of performance. In the pres-
ent study, this is important for interpreting the models in
which fat mass percentage had a negative P coefficient in
the middle- and long-distance groups, while muscle mass
percentage had a positive p coefficient in sprint and mid-
dle-distance running. M. Thuany et al. (2023b) interpreted
the performance of runners over distances from 5 km to
the marathon as the result of interaction among morpho-
logical, training-related, and social factors. This approach
emphasised the multicomponent nature of sports achieve-
ment in endurance running. It corresponds to the long-dis-
tance regression model, in which fat mass percentage, BMI,
and LLL/H explained variability in mean speed, although
the current study focused specifically on anthropometric
parameters. M.I. Black et al. (2020) addressed anthropo-
metric factors in running economy, linking morphological
characteristics with movement efficiency during running.
Their conclusions deepen the explanation of the long-dis-
tance model, where lower fat mass percentage and lower
BMI were associated with higher mean speed, since a re-
duction in inactive mass may lower the energetic cost of
prolonged movement. H. Ueno ef al. (2021) considered the
role of body-segment mass in the performance of trained
endurance runners. This partly corresponds to the regres-
sion model for long-distance runners, confirming the im-
portance not only of total body mass but also of the dis-
tribution of mass across separate segments, which may
affect running mechanics and energy expenditure. O. Ket-
tunen et al. (2025) treated body composition as one factor

that may explain differences in performance among elite
endurance-profile athletes. This agrees with the long-dis-
tance model obtained during the study, in which fat mass
percentage had the most pronounced inverse relationship
with mean speed. Body composition functioned not as an
auxiliary characteristic but as a statistically significant com-
ponent of performance in endurance running.

The discussion confirmed that the results generally
correspond to other studies in which anthropometric pro-
file, body composition, and mass-height parameters are
treated as factors associated with running performance.
The strongest correspondence was observed in the con-
firmation of the muscle-strength profile of sprinters, the
intermediate character of indicators in middle-distance
runners, and the lighter body-build profile of long-distance
runners. Nonetheless, a comparison with previous research
showed that the importance of individual anthropometric
characteristics changes according to distance specialisation
and the structure of competitive load.

Conclusions

The results of the study displayed that the anthropomet-
ric profile of track-and-field athletes depends strongly
on distance specialisation. Sprinters had the most pro-
nounced mass-height and muscle indicators: body mass
was 82.4 + 6.8 kg, BMI - 25.1 + 1.6 kg/m? single-leg
thigh circumference — 62.8 + 3.4 cm, mass percentage —
47.8 +3.0%. In middle-distance runners, these indicators
had intermediate values: body mass was 75.6 + 6.1 kg,
BMI - 23.5 + 1.4 kg/m?, single-leg thigh circumference -
59.6 + 3.1 cm, muscle mass percentage — 45.9 *+ 2.8%.
Long-distance runners had a lighter body-build pro-
file, lower body mass of 70.8 + 5.7 kg, lower BMI of
22.6 £ 1.3 kg/m? and a smaller fat mass percentage of
9.8 £ 1.8%, which was due to the requirements of pro-
longed cyclic load. Sports performance also differed
among the groups. The highest mean speed was recorded
in sprinters, at 8.63 +0.41 m/s; it was lower in middle-dis-
tance runners, at 5.71 £0.32 m/s, and lowest in long-dis-
tance runners, at 4.62 +0.28 m/s. Inter-group differences
were statistically significant (p <0.001). The standardised
performance index was 0.71+0.12 in sprinters, 0.64 +0.11
in middle-distance runners, and 0.58 + 0.10 in long-dis-
tance runners (p =0.004), confirming the relevance of as-
sessing performance with reference to distance specificity
rather than only absolute time to cover the distance.

Correlation analysis established that, in sprinters,
mean speed was most closely associated with muscle
mass percentage (r =0.62), single-leg thigh circumference
(r=0.58), and lower-limb length (r =0.46). In middle-dis-
tance runners, performance was associated with muscle
mass percentage (r=0.45), fat mass percentage (r =-0.49),
and BMI (r=-0.41), reflecting the mixed character of this
specialisation. In long-distance runners, the closest in-
verse relationships were recorded for fat mass percentage
(r=-0.56), BMI (r=-0.52), and body mass (r =-0.48), em-
phasising the importance of a lighter mass-height profile
for endurance work. The regression models confirmed the
specialised role of anthropometric characteristics in perfor-
mance. In sprinting, 51% of the variability in mean speed
was explained by muscle mass percentage, single-leg thigh
circumference, and lower-limb length. In middle-distance
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running, the model explained 46% of performance varia-
bility through fat mass percentage, muscle mass percent-
age, and BMI. In the long-distance group, 49% of the varia-
bility in mean speed was explained by fat mass percentage,
BMI, and body mass. Thus, anthropometric characteristics

be traced during preparation. The generalisability of the re-
sults should be improved by expanding the sample by sex,
age, and level of sports qualification, including female ath-
letes, juniors, adult track-and-field athletes, and represent-
atives of different qualification groups.

do not have a universal influence on performance: mus-
cle-strength parameters are leading in sprinting, the bal-
ance between muscle and fat components is important
for middle distances, and lower fat mass percentage and a
more economical body-build profile are more important
for long distances. Further research should use a longitudi-
nal design with repeated measurements at different stages
of the training cycle, which would allow the dynamics of
anthropometric characteristics and sports performance to
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AHoTauifa. Mera [OCTimKeHHs MOJSIraga y 35ICyBaHHI OCOOMMBOCTENl 3B’513Ky aHTPOIOMETPUYHNX XAPAKTEPUCTUK
JIETKOAT/IETIB i3 pe3y/IbTaTUBHICTIO y CIPUHTI, 6iry Ha cepefiHi it OBri AucTaHLii. JlocmipkeHHs poBogMIocs 6-10 KBiTHs
2025 poky Ha 6asi Yuisepcutety Ipuropis CxoBoponu B IlepesiciaBi, 3a yuacTio 90 jerkoar/ieTiB 40/10Biu0i cTaTi BikoM
18-24 poku, po3HOAiIeHNX Ha TPy CIPUHTY, 6iry Ha cepefHi Ta JOBI AUCTAHIL], 3 OL[iHIOBAHHAM aHTPOIIOMETPUYHNX
NIOKa3HVIKIB, KOHTPOJIbHUX OIirOBMX Pe3y/IbTaTiB i CTATUCTUYHMX 3B’ A3KiB MDK (pi3MYHMMM TapaMeTpaMM Ta CIOPTUBHOIO
pesynbratuBHicTIo. OTpMMaHi pe3y/IbTaTi 3acBifumIy, 0 AaHTPOIIOMETPUYHMI ITPO(ib, BUAKICTH Oiry, KOpenAuiiui
3B’SI3KU Ta PerpeciiiHi mpefuKTopy Majt AUCTaHIiHY crenudiky. ClpuHTepy XapaKTepusyBaIncs BUI[OK MaCOI0 Tifa,
OKPY>KHICTIO CTeTHa OJJHi€l HOTYM Ta YaCTKOO M’s130Boi Macu — 82,4+ 6,8 Kr, 62,8 3,4 cm i 47,8 3,0 %, 1m0 Bigobpaxano
HepeBary M sI30BO-CU/IOBOTO KOMIIOHEHTa Ha KOPOTKMX AMCTaHIifAX. Y CTaepiB HYDK4UI Maca Tina, iHZeKc Macu Tinma i
Xuposa Maca — 70,8 £ 5,7 1, 22,6 + 1,3 xr/m* i 9,8 + 1,8 % — Gy/nu 1oB’s13aHi 3 ekoHOMi3auie0 Tpusanoro 6iry. CepenHs
HMIBUAKiCTh cTaHOBMIa 8,63 + 0,41, 5,71 £ 0,32 i 4,62 + 0,28 M/c BifNOBiZHO y Tpynax CIPUHTY, CepefHixX i JOBIuUx
myctannii. Kopenanii nokasanm 3’30k MIBUAKOCTI Y COIPUHTI 3 M’ A30B0I0 Macoo (r=0,62), a y cTaepiB — obepHeHMII
3B’30K 13 >X1poBoio Macow (r =-0,56). Perpeciitni mopeni nosicimmum 51 %, 46 % i 49 % BapiaTMBHOCTI IIBUIKOCTI,
HiATBEPKYIOUM Pi3HY POJIb aHTPOIIOMETPUIHIUX YMHHIKIB ¥ KOXKHII 6iroBiit crerianisanii. Pesymbratyt migTBepAum,
1[0 AHTPOIIOMETPUYHI YNHHUKI PE3Y/IbTATUBHOCTI BiIPI3HAIOTHCS 3a 6IroBOIO CIeljiami3ali€ro: y CIpUHTI epeBaXkaloTh
M’5130BO-CI/IOBI ITapaMeTpy, Y JOBIMX AUCTAHIIAX — HYDKYA JKMPOBA Maca Ta eKOHOMIYHIINIT Tino6ymoBHMit Ipodib.
[TpaxTyyHO 11i KaHi MOXXYTb BUKOPUCTOBYBATY TPEHepM, BUK/Ia/jadi TeTKOI aTIeTHKY Ta (paxiBIli 31 CHIOPTUBHOTO Bif6opy
IJIs yTOYHEHHs MMCTAHLiNHOI Crieniamisanii i1 iHMBiyanisanil TpeHyBaaIbHOTO IIPOLECY

KntouoBi cnoBa: pgucraHuiitHa crerjamisanis; COpUHT; iHAEKC Macu Tina; Tino6ymoBa; CTaepy; LIBUAKICHO-CMIOBA
peamnisalis; BUTPUBAIICTh
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