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Abstract. This study aimed to identify the characteristics of changes in indicators of physical development and functional
capacity in young people resulting from the implementation of a specially designed aerobic programme. The research was
conducted at Hryhorii Skovoroda University in Pereiaslav (Kyiv Region) over a ten-week period (3 February - 13 April
2025) and involved 40 students aged 17-21 years. The experimental design included three stages of measurement, which
enabled an assessment of the dynamics of morphological and functional indicators in students under the influence of a
structured aerobic training programme. The findings demonstrated a reduction in body mass by 1.1 kg, body mass index
by 0.5 kg/m?, waist circumference by 1.8 cm, and body fat percentage by 1.5%, indicating a decrease in central adiposity
and optimisation of the somatic profile. Indicators of cardiovascular regulation also improved: resting heart rate decreased
by 4.8 beats per minute, systolic blood pressure by 3.9 mmHg, and diastolic blood pressure by 2.5 mmHg, while the rate
of heart rate recovery increased by 5.1 beats per minute. The Ruffier-Dixon index decreased by 3.8 points, reflecting
enhanced reactivity and recovery capacity. Measures of physical fitness showed positive dynamics: the distance covered
in the six-minute run increased by 154 m, standing long jump performance improved by 8.2 cm, muscular endurance
increased by 4.1 repetitions, and the time for the 4x9 m shuttle run improved by 0.58 s. The set of observed changes
confirms the effectiveness of the aerobic programme as a means of enhancing the overall physical capacity of students. The
obtained data may be applied by physical education instructors, fitness programme trainers, specialists in sports medicine,
and organisers of health-promoting activities in higher education institutions to optimise training sessions and to develop
effective programmes for improving the physical fitness of young people

Keywords: waist circumference; adipose tissue; cardiovascular system; heart rate; arterial blood pressure; Ruffier-Dixon
index; recovery rate

Introduction

The level of physical activity among young people demon-
strates a persistent downward trend, which creates precon-
ditions for impaired physical development and the gradual
limitation of the body’s functional capacities. The period
of early adulthood is characterised by substantial changes
in the cardiovascular, respiratory, and muscular systems;
therefore, an adequate volume of motor activity is a neces-
sary condition for maintaining an optimal functional state.
High prevalence of insufficient activity in youth contrib-
utes to a decline in aerobic performance, deterioration of

morphofunctional indicators, and an increased risk of met-
abolic disorders. The further progression of these trends is
capable of persistently reducing the adaptive capacity of the
organism and promoting the early development of chronic
functional disorders.

The physical development of young people is deter-
mined by the interaction of body composition compo-
nents, which shape the individual capacity of the organism
to respond to aerobic loads. In the study by D. Mohajan
& H. Mohajan (2023), it was established that long-term

Suggested Citation: Chuprun, N., & Chorny, E. (2025). Dynamics of physical development and functional capacity in youth aged
17-20 under the influence of aerobics. Theory and Practice of Physical Culture and Sports, 4(2), 9-21. doi: 10.69587/tppcs/2.2025.09.
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regular performance of aerobic exercise contributes to an
increase in oxygen consumption, which serves as an inte-
gral indicator of cardiorespiratory endurance. The authors
demonstrated that improvements in aerobic capacity are
driven by adaptive changes in the cardiovascular and res-
piratory systems and depend on the systematic nature and
duration of the training stimulus. The physical status of stu-
dents as a multidimensional characteristic of the organism
was examined in the study by O. Pryimakov et al. (2024),
which analysed the relationships between indicators of
physical condition and the biological age of students in the
context of physical education. The researchers found that
anthropometric parameters and the level of physical fitness
show strong correlations with biological age, allowing these
variables to be regarded as informative markers of the or-
ganism’s adaptive potential and the effectiveness of physi-
cal load. In the sample analysed by M. Mendoza-Mufioz et
al. (2020), a comprehensive assessment of adolescent body
composition was conducted, and the influence of the ra-
tio of muscle and fat tissue on physical fitness indicators
was determined. The results showed that a higher propor-
tion of fat mass is associated with a reduction in aerobic
endurance, whereas a greater muscular component ensures
higher work efficiency and a more favourable function-
al response to physical load. The study by M. Bouamra et
al. (2022) was aimed at comparing the effectiveness of dif-
ferent training regimes among young people with obesity,
assessing changes in body composition, strength, endur-
ance, and components of physical fitness. The obtained
data demonstrated that combined programmes (aerobic
plus resistance training), in contrast to monotonous train-
ing modalities, ensure a more substantial increase in mus-
cle mass, a reduction in the fat component, and a more pro-
nounced improvement in overall morphofunctional status.

The functional capacity of young people reflects the
ability of the cardiovascular and respiratory systems to
supply the organism with oxygen during prolonged aerobic
work. Cardiorespiratory fitness was examined in the study
by A.O. Agbaje et al. (2021) in conjunction with body com-
position components and vascular function, in particular,
endothelial reactivity, arterial elasticity, and vascular stiff-
ness. The researchers established an association between
higher levels of cardiorespiratory endurance, better indica-
tors of vascular function, and lower cardiometabolic risk,
which reflects the systemic nature of aerobic adaptation.
The responses of the cardiovascular and ventilatory sys-
tems were evaluated in the research of ER. Mendonga et
al. (2022), which compared the effectiveness of combined
aerobic-strength programmes in enhancing the cardiores-
piratory resilience of adolescents. The results demonstrated
the development of more efficient cardiac and respiratory
function, manifested in a lower physiological cost of exer-
cise during standardised tests. In the study conducted by
A. Liu (2023), the dynamics of external respiratory func-
tion and endurance indicators in students were analysed
in response to regular participation in aerobic training.
The author demonstrated that adaptation of the respira-
tory system directly depends on the systematic nature of
training stimuli and determines the increase in overall aer-
obic capacity. The regulatory mechanisms of cardiorespi-
ratory responses were further clarified by A.C. D’Souza et
al. (2023), who showed that hormonal and neurohumoral

factors modulate cardiovascular, respiratory, and metabolic
responses to physical exercise, thereby ensuring the stabili-
ty of functional systems under conditions of aerobic work.

Aerobic programmes in the student population pro-
vide a combination of cyclic loading and controlled inten-
sity, creating favourable conditions for the development of
positive changes in morphofunctional and psychophys-
iological indicators. Analysis of the results obtained by
A. Chekhovska (2023) confirmed that systematic participa-
tion in aerobics leads to an increase in the overall physical
fitness of students, particularly through improvements in
endurance and motor coordination. It was also empha-
sised that regular training exposure promotes more stable
adaptive responses during physical exertion. The psycho-
physiological aspects of the effects of aerobics were ana-
lysed in the study by N. Chuprun & I. Yurchenko (2020),
in which dance-based programmes were applied to assess
their effectiveness in restoring regulatory mechanisms and
reducing emotional tension. The results confirmed that the
impact of aerobic exercise extends beyond motor qualities
to the psychoemotional state, ensuring an increase in the
functional resilience of students.

Previous studies have not provided a comprehensive
analysis of the dynamics of physical development and func-
tional capacity of students in response to structured aerobic
programmes. This study aimed to determine the specific
features of changes in the morphofunctional indicators of
students following the implementation of specially organ-
ised aerobics classes. To achieve the stated aim, the follow-
ing objectives were defined: to record the baseline level of
physical development and functional status; to trace the
dynamics of the indicators under the influence of the aer-
obic programme; and to characterise the relationships be-
tween morphological and functional parameters.

Materials and Methods

Research setting and sample characteristics

The study involved 40 full-time first- to third-year students
of Hryhorii Skovoroda University in Pereiaslav, which
served as the base for the experimental research. The mean
age of the participants was 19.2 + 1.1 years, with an age
range from 17 to 21 years. This reflected the specific char-
acteristics of the student population and, at the same time,
imposed certain limitations on the generalisation of the ob-
tained results to other age categories and social groups be-
yond the university environment. The gender composition
of the sample was uneven: 28 females (70%) and 12 males
(30%) participated in the study, which corresponded to the
actual structure of physical education groups. For this rea-
son, the results were analysed without division by sex. The
experimental phase of the research lasted ten weeks (from
3 February to 13 April 2025) and included the active imple-
mentation of the aerobic training programme. During the
subsequent two weeks (14-27 April 2025), generalisation,
statistical processing, and analytical interpretation of the
experimental results were carried out.

The formation of the sample was based on voluntary
participation, taking into account predefined inclusion
criteria (belonging to the main medical group; absence
of acute diseases and decompensated chronic pathologies
of the cardiovascular, respiratory, and musculoskeletal
systems; regular attendance of physical education classes;
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absence of systematic training outside the educational
process) and exclusion criteria (the presence of medical
contraindications to aerobic exercise; episodes of loss of
consciousness or pre-syncope during the previous year;
medical recommendations to limit physical activity). Dur-
ing the experiment, three participants withdrew from the
study: one due to irregular attendance at training sessions
and two due to temporary illnesses. These individuals were
not included in the final sample size, and the data obtained
from them were not considered in the subsequent analysis
of results. The study complied with the guidelines of the
European Commission (2021) and was approved by the
local ethics committee of the Department of Physical Edu-
cation of Hryhorii Skovoroda University in Pereiaslav (Pro-
tocol No. 1/2025-E dated 31 January 2025). All participants
provided written informed consent to participate.

Prior to the start of the experiment, health status
screening using a selfassessment questionnaire was con-
ducted among 64 individuals. Based on the screening re-
sults and in accordance with the inclusion and exclusion
criteria, a proportion of potential participants was excluded
from further participation in the study. The questionnaire
was developed by the author and consisted of seven ques-
tions. It was used as a screening tool to assess the safety
of students’ participation in the study without quantitative
scoring of the results. The questions addressed general
well-being, the presence of chronic diseases, possible com-
plaints related to the cardiovascular system, episodes of
loss of consciousness, subjective assessment of endurance,
the level of additional physical activity, and the presence
of medical recommendations to limit physical loads. Re-
sponses were provided using a five-point rating scale, “yes/
no” options, and gradations of frequency or activity level.
In particular, the questionnaire included questions such as:
“How do you assess your overall health status?”, “Do you
have any chronic diseases that may limit physical activity?”,
and “Do you have any medical recommendations to restrict
your level of physical activity?”.

Characteristics of the developed training programme
The aerobic training programme was conducted three
times per week in the afternoon (approximately from 16:00
to 17:30) under the supervision of a lecturer from the De-
partment of Physical Education, with the participation of
the researcher who provided methodological support and
monitored compliance of the load with the planned regime.
The duration of one session averaged 60-75 minutes (up
to 80 minutes at certain stages), and the programme was
implemented over a ten-week active phase, which ensured
conditions for the development of stable adaptive changes.
The preparatory part lasted 10-12 minutes and was aimed
at the gradual activation of the cardiovascular and muscu-
lar systems. It included light jogging or rhythmic walking
(2-3 minutes), a set of joint mobilisation exercises for the
cervical, shoulder, elbow, hip, knee, and ankle joints (8-10
repetitions for each movement), as well as dynamic exer-
cises aimed at mobility and stretching. Cones and markers
were used to organise movement patterns and spatial ori-
entation, which made it possible to vary movement trajec-
tories and execution tempo.

The main part of the session lasted 40-55 minutes and
provided the primary training effect. At the initial stages

of the programme, continuous aerobic loads of moder-
ate intensity predominated, including jogging, sequences
of aerobic steps, and simple dance combinations accom-
panied by music. In parallel, bodyweight exercises were
performed, such as squats, lunges, jumps, and elements of
skipping, which were carried out in sets or in a time-based
format (20-40 seconds of work). During this phase, skip-
ping ropes, cones, and exercise mats were actively used.
As students adapted to the training load, the structure of
the main part was progressively intensified through the
inclusion of interval and circuit training formats. Vari-
able running pace was applied, along with interval sets
alternating between phases of active work and recovery,
as well as circuit complexes consisting of 5-6 exercises
(squats, lunges, star jumps, hops, skipping rope exercises,
and plank holds). Each exercise was performed for 40-60
seconds with short transition pauses, and a total of 2-3 cir-
cuits were completed. Hoops, cones, skipping ropes, and
gym mats were used to organise the circuit training. At the
final stages of the programme, the main part could take
the form of a prolonged continuous aerobic block lasting
35-45 minutes or be combined with an extended circuit
training session with variations in work modes. This ap-
proach made it possible to increase the overall training
volume without a sharp rise in intensity and ensured the
development of general aerobic endurance and muscular
endurance. The concluding part of the session lasted 8-10
minutes and was aimed at the gradual reduction of func-
tional strain. It included breathing exercises, elements of
active relaxation, and static stretching of the main muscle
groups, with each position held for 15-20 seconds. Gym
mats were used to perform these exercises.

Methods for assessing the morphofunctional status

of students

The level of physical development was determined by re-
cording a set of body structure indicators obtained using
anthropometric and somatometric methods that character-
ised the morphological state of the organism. Body height
and body mass, waist and hip circumferences, as well as ap-
proximate body composition, were measured. Body height
was measured using a stationary stadiometer SECA 213
(Germany), and body mass was assessed using Tanita HD-
380 electronic scales (Japan) with an accuracy of 0.1 kg.
Based on the obtained data, body mass index (BMI) was
calculated according to the standard formula:

m
BMI = -3, (1)
where m - body mass (kg); h — body height (m); BMI -
body mass index (kg/m?). In addition, indicators of central
fat deposition (waist and hip circumferences) were record-
ed using a Gulik Tape measuring tape (USA) in accord-
ance with the standard protocol: waist circumference was
measured at the midpoint between the lower margin of the
costal arch and the iliac crest, and hip circumference was
measured at the level of the greatest gluteal protrusion.
For an approximate assessment of body composition, a
domestic bioimpedance analyser OMRON BF511 (Japan)
was used, which measured the percentage of body fat,
skeletal muscle mass, and phase angle. All anthropomet-
ric measurements were conducted by a lecturer from the

Theory and Practice of Physical Culture and Sports, 2025, Vol. 4, No. 2 | 1] '



Dynamics of physical development..

Department of Physical Education and the researcher,
both of whom had received instruction to standardise
measurement techniques.

Testing was performed in the morning (10:00-12:00),
prior to training sessions, with participants wearing light
sports clothing and no shoes. To improve accuracy, each
measurement was recorded twice, and the mean value was
calculated; if the difference exceeded 1%, a third control
measurement was taken. Baseline testing was conducted
before the start of the aerobic programme, and follow-up
testing was carried out after the completion of the ten-week
training cycle. No intermediate measurement was per-
formed at week five, as morphological indicators change
slowly and require a longer period to detect reliable differ-
ences. Measurement results were recorded in standardised
observation protocols, which included the date of testing,
testing conditions, recorded values, and the signature of
the person conducting the measurements. Data from the
bioimpedance analyser were additionally stored in digital
format for subsequent statistical processing.

Functional capacity of the participants was assessed
using a battery of tests evaluating aerobic performance,
speed-strength and coordination abilities, as well as reg-
ulatory responses of the cardiovascular system (CVS). All
measurements were conducted in the university sports hall
at a fixed time of day (10:00-12:00) under the supervision
of a lecturer from the Department of Physical Education
and the researcher, who were responsible for organising
the tests and ensuring technical control. Resting heart rate
(HR), the Ruffier-Dixon index, and blood pressure (BP)
were recorded by the university nurse following standard
clinical protocols (Muntner et al., 2019; American College
of Sports Medicine, 2021).

Aerobic endurance was assessed using the six-minute
run test, during which students covered the maximum
possible distance over six minutes on a marked circuit. Re-
sults were recorded in metres using a CASIO HS-80TW
stopwatch (Japan). The test was administered three times:
before the start of the programme, after week five, and af-
ter week ten. Speed-strength capacity of the lower limbs
was evaluated using the standing long jump. Two attempts
were performed, and the best result was recorded using a
Stanley PowerLock 5 m tape measure (USA). Muscular
endurance was assessed by counting the number of cor-
rectly performed repetitions (squats or sit-ups) within 30
seconds, with technique monitored via video recording
using a Sony HDR-CX405 digital camera (Sony Corpora-
tion, Japan). Coordination abilities were evaluated using
the 4x9 m shuttle run, with times recorded to 0.1 s using
the same stopwatch.

For a more detailed assessment of CVS function, rest-
ing HR and blood pressure were measured. Resting, exer-
cise, and recovery heart rates were recorded using a Polar
H10 chest heart-rate monitor (Polar Electro Oy, Finland),
synchronised with a Polar Vantage M2 watch (Finland),
which provided real-time display and recording of data.
Maximum HR was calculated using the formula:

HR  =220-age, (2)

X

where HR - the estimated maximum heart rate (beats
per minute, bpm); age — the participant’s age in full years.

This allowed the determination of the target training zone
within 60-75% of HR_ :

HR_ =HR _x0.6-0.75, 3)

target

where HR, - the target heart rate (bpm) corresponding
to the aerobic training zone; HR, - the maximum allow-
able heart rate; 0.6-0.75 - the intensity range required to
ensure predominantly aerobic energy supply. Heart rate re-
covery after one minute (HRR1) was used as an indicator of
cardiovascular functional status and the efficiency of para-
sympathetic regulation following exercise. A greater reduc-
tion in HR during the first minute of rest reflects higher
aerobic capacity and the body’s ability to recover rapidly.
HRR1 was calculated using the formula:

HRR1=HR -HR, (4)

where HR - the heart rate immediately after exercise
(bpm); HR| . - theheartrate after one minute of rest (bpm).
Blood pressure was measured using an automatic sphyg-
momanometer, OMRON M3 (Japan), after a five-minute
rest, followed by the calculation of pulse pressure:

pPP=BP

syst -

BPdiast’ (5)

where BP - the systolic blood pressure, representing the
maximum pressure in the arteries during heart contraction
(mmHg); BP, - the diastolic blood pressure, reflecting the
minimum pressure during myocardial relaxation (mmHg);
PP - the pulse pressure, the difference between systolic
and diastolic pressures (mmHg). CVS function was also
assessed using the Ruffier-Dixon index, which involved
recording HR at rest, during the first 15 seconds after per-
forming 30 squats in 45 seconds, and after one minute of
recovery. The integral index was calculated as:

IR = (Pr#Pa*P3)=200 )

10

where P, - the resting HR (bpm); P, - the HR during the
first 15 seconds after exercise (bpm); P, - the HR during
the first 15 seconds of the third minute of recovery (bpm).
All functional tests were performed at three observation
points: before the start of the programme, at week five, and
at week ten. During the training process, exercise intensi-
ty was additionally monitored using a Polar Vantage M2
sports watch (Finland), which allowed HR to be maintained
within the target aerobic zone and prevented exceeding the
optimal load. Results were recorded in standardised pro-
tocols signed by the responsible personnel, and data from
the heartrate monitor were stored digitally for subsequent
statistical analysis.

Assessment standards

and statistical processing of results

The interpretation of results was carried out in accord-
ance with international standards for young adults aged
17-21 years, as recommended by the World Health
Organization (2020) and the American College of
Sports Medicine (2021), as well as physiological stud-
ies on heart rate and recovery speed (Vicente-Campos et
al., 2014; Hart, 2015; Fryar et al., 2021). BMI values of
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18.5-24.9 kg/m?, waist circumference <94 cm in men and
<80 cm in women, and waist-to-hip ratio (WHR) of 0.80-
0.90 in men and 0.70-0.80 in women were considered
normal, corresponding to a low risk of abdominal obesi-
ty (World Health Organization, 2020; Fryar et al., 2021).
Physiologically normal body fat content was defined as 10-
20% in men and 18-28% in women (American College of
Sports Medicine, 2021).

Functional standards stipulated that a resting heart
rate of 60-80 bpm in men and 60-85 bpm in women cor-
responded to normal autonomic regulation (Hart, 2015).
Blood pressure within the range 105-125/65-80 mmHg
and pulse pressure of 35-50 mmHg were interpreted as
indicators of physiological norm for young adults (World
Health Organization, 2020). An HRR1 value of 15-24 bpm
indicated normal recovery, whereas values above 25 bpm
reflected a high level of physical fitness (Vicente-Campos et
al., 2014). The Ruflier-Dixon index within the range of 0-10
points was interpreted as indicating good or excellent func-
tional status (American College of Sports Medicine, 2021).
Assessment of physical fitness was based on generalised
predictive norms for young adults: covering 1,100-1,400 m
(men) and 900-1,200 m (women) in the six-minute run
corresponded to an average or above-average level of aero-
bic endurance; standing long jump distances of 190-220 cm
(men) and 150-180 cm (women) reflected an appropriate
level of speed-strength capacity; completing 18-25 repeti-
tions (men) and 15-22 repetitions (women) in 30 seconds
indicated normal muscular endurance; and completing
the 4x9 m shuttle run in 9.5-10.5 s (men) and 10.5-11.8 s
(women) corresponded to age-appropriate coordination
abilities (American College of Sports Medicine, 2021;

Body fat (%] _23'%48
0.79
WHR 'y "0.81

Hip circumference (cm)

Waist circumference (cm)

Fryar et al., 2021).

Statistical analysis was performed using IBM SPSS
Statistics 26.0 software (IBM Corp., USA). Normality of
distribution was assessed using the Shapiro-Wilk test.
Changes in anthropometric indicators at two time points
were analysed using a paired Student’s t-test or the Wilcox-
on signed-rank test (for non-normal distributions). Func-
tional parameters were evaluated using repeated measures
analysis of variance (Repeated Measures ANOVA) or the
Friedman test, depending on the distribution characteris-
tics. Correlations between changes in morphological and
functional parameters were determined using Spearman’s
rank correlation coefficient. Data are presented as M + SD,
where M is the mean and SD the standard deviation; statis-
tical significance was set at p <0.05.

Results
Features of morphological adaptation
in students to systematic aerobic training
Analysis of morphological changes following a ten-week
aerobic programme revealed systematic positive adapta-
tions in students’ physical development. These were mani-
fested in reductions in body mass and BMI, decreased ab-
dominal fat accumulation, lower waist circumference and
waist-to-hip ratio, and a reduction in body fat percentage.
The most pronounced adaptive changes were observed in
central fat indicators, reflecting the development of a fa-
vourable morphological profile under the influence of reg-
ular aerobic exercise. The overall pattern of morphologi-
cal changes is illustrated in Figure 1, which presents mean
values before and after the ten-week programme (BMI was
calculated using formula (1)).

2 22.9
B e 23,4
Body mass (kg] —6 8g9 8
0 10 20 30 40 50 60 70 80 90 100
Waist Hip
2 0
Body mass (kg) BMI(kg/m’) circumference (cm) circumference (cm) WHR Body fat (%)
After programme 68.7 22.9 76.8 97 0.79 233
m Before programme 69.8 23.4 78.6 97.4 0.81 24.8

Figure 1. Dynamics of morphological indicators before and after the experiment

Source: created by the authors

The dynamics of morphological indicators after the
ten-week programme demonstrated the development
of coherent positive changes in the structure of students’
physical development. The baseline profile of the sam-
ple was characterised by normal values for body mass
(69.8+7.4 kg), BMI (23.4 £2.1 kg/m?), and waist circum-
ference (78.6 £ 5.8 cm), indicating that the majority of
participants did not have excess body weight. This allows
the observed changes to be interpreted as adaptive rather
than corrective in nature. Following the completion of the

programme, body mass decreased to 68.7+7.2 kg, and BMI
fell to 22.9 +2.0 kg/m?. Although these absolute changes
were modest, they are physiologically consistent with mod-
erate-intensity aerobic training, where fat substrates are pri-
marily utilised while muscle mass is preserved. A reduction
in body mass of 1.1 kg and a proportional decrease in BMI
of 0.5 kg/m? align with the expected rate of fat loss in young
adults of this age, without risking the loss of lean tissue.

The most pronounced changes were observed in in-
dicators reflecting central adiposity. Waist circumference
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decreased from 78.6 £ 5.8 to 76.8 +5.5 cm, a mean re-
duction of 1.8 cm. This change is clinically significant, as
abdominal fat exhibits the highest metabolic activity and
responds most readily to aerobic exercise. Despite the rel-
atively short intervention period, a near 2 cm reduction in
waist circumference indicates activation of lipolytic pro-
cesses, increased fatty acid oxidation, and improved energy
balance. By contrast, hip circumference remained largely
stable (97.4+6.2 cm to 97.0+ 6.1 cm), consistent with typi-
cal patterns of morphological adaptation: gluteofemoral fat
is more resistant to catabolic processes and changes more
slowly than abdominal fat (Snijder et al., 2003).

The waist-to-hip ratio, an integral marker of cardiomet-
abolic risk, showed a statistically significant decrease from
0.81+0.04 to 0.79 £ 0.04. This improvement resulted from
a greater reduction in waist circumference compared with
the hips and indicates a shift in body composition towards
lower central fat accumulation. While a WHR decrease of
0.02 units may appear minor in absolute terms, for a young
adult sample, it represents a moderate but consistent opti-
misation of body proportions. Changes were also observed
in body fat percentage, as measured by bioelectrical imped-
ance analysis. At the start of the programme, the mean val-
ue was 24.8% +4.3%, decreasing to 23.3% *+4.1% by the end.
A reduction of 1.5% is considered optimal for a ten-week,
moderate-intensity programme (60-75 minutes, three
times per week), reflecting enhanced oxidative metabolism
and an increased contribution of fat substrates to energy ex-
penditure. Standard deviation remained largely unchanged
(4.3 > 4.1), indicating a uniform response to training
across the sample without marked individual variability.

Overall analysis of morphological dynamics revealed
that waist circumference, WHR, and the fat component
were the most responsive indicators to aerobic exercise.
These measures capture the early phase of morphologi-
cal remodelling, characterised by a reduction in central
adiposity while preserving muscle mass and maintaining
stability in peripheral anthropometric regions. In contrast,
body mass and BMI exhibited only modest changes, which
is typical for individuals with normal baseline characteris-
tics and confirms that the programme intensity was appro-
priate without risk of inducing weight deficit. In summary,
the ten-week aerobic programme produced a scientifical-
ly significant improvement in the morphological status of
students, primarily through reductions in central adiposi-
ty. This pattern of adaptive changes has preventive signifi-
cance, as the reduction of abdominal fat is directly associat-
ed with a lower cardiometabolic risk and the development
of a more favourable somatic profile in young adults.

Changes in cardiovascular functional indicators

The results demonstrated a consistent positive trend across
all major functional markers of the cardiovascular system,
which was already apparent by the mid-point of the train-
ing cycle and became statistically and physiologically sig-
nificant by the end of the programme. Comparison across
the three observation points allowed the characterisation
of adaptive changes induced by regular aerobic exercise
performed within the target zone of 60-75% of HR . Fi-
nal values of the indicators are presented in Table 1. Pulse
pressure was calculated using formula 5), HRR1 using for-
mula (4), and the Ruflier-Dixon index using formula (6).

Table 1. Cardiovascular system indicators at three observation points (M + SD)

Indicator Before programme 5t week After programme
Resting HR (bpm) 74.2+6.8 71.1+6.2 69.4+59
BP Vt(mmHg] 118.2+8.4 116579 114.3+75
BP ... (mmHg) 741+6.1 73058 71655
Pulse pressure (nmHg) L4147 435+45 42.7+4.3
HRR1, bpm 173+36 19839 22441
Ruffier-Dixon index (points) 124+31 10.2+29 8.6+27

Source: created by the authors

Resting heart rate demonstrated a gradual decline
throughout the observation period. From a baseline of
74.2+6.8 bpm, it decreased to 71.1+ 6.2 bpm by the fifth
week (-3.1 bpm) and to 69.4 +5.9 bpm at the end of the
programme (-4.8 bpm relative to baseline). This reduction
of approximately 6.5% indicates more efficient cardiac
function, enhanced vagal control, and reduced sympa-
thetic influence - a characteristic sign of improved aerobic
fitness. The rate of decline in resting HR is physiologically
appropriate for young adults with normal baseline health
status. Blood pressure changes were more gradual but sim-
ilarly directed. Systolic pressure decreased by 1.7 mmHg
by the fifth week and by a total of 3.9 mmHg at the pro-
gramme’s conclusion. Diastolic pressure fell by 1.1 mmHg
and 2.5 mmHg, respectively. Such changes, within a
2-4% range, can be interpreted as improvements in arte-
rial tone and reduced peripheral resistance. Importantly,
these reductions remained within age-appropriate norms,
confirming the safety of the training intervention. Pulse

pressure decreased from 44.1 +4.7 to 42.7 £ 4.3 mmHg
(-1.4 mmHg), indicating enhanced arterial wall elasticity.
Since PP is a sensitive indicator of vascular stiffness, its
reduction further supports an improvement in the haemo-
dynamic profile.

The most pronounced adaptation was observed in
HRRI - the heart rate recovery during the first minute after
exercise. HRR1 increased from 17.3 +3.6 to 19.8 +3.9 bpm
(+2.5 bpm) by the fifth week and to 22.4 + 4.1 bpm at the
final stage (+5.1 bpm relative to baseline, an increase of
29.5%), providing clear evidence of the programme’s effec-
tiveness. This change reflects enhanced parasympathetic
responsiveness, increased heart rate variability, and accel-
erated early-phase recovery - key markers of good aerobic
fitness. The Ruffier-Dickson index demonstrated an equally
significant positive trend. The baseline value was 12.4+3.1
points. By the fifth week, it had decreased to 10.2 +2.9
points, a reduction of 2.2 points, or 17.7% of the initial lev-
el. By the end of the programme, the index had fallen to
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8.6 £2.7 points (-3.8 points relative to baseline), represent-
ing a 30.6% reduction. This magnitude of change indicates
improved cardiac functional response to standardised load,
faster recovery processes, and more efficient cardiac func-
tion. Post-intervention values below 10 points correspond
to a transition to the “good” functional category.

A comprehensive analysis of the data demonstrates
that cardiovascular adaptations began by the programme’s
midpoint and had become systemic and stable by its con-
clusion. The most sensitive markers were HRRI, resting
HR, and the Ruffier-Dickson index - parameters that di-
rectly reflect autonomic regulation, recovery efficiency, and
aerobic conditioning. Slightly less pronounced, but stable,
changes in BP and pulse pressure indicate a gradual im-
provement in vascular tone and overall haemodynamics.
No pathological fluctuations or adverse reactions were re-
corded at any point, demonstrating the physiological ap-
propriateness and safety of the programme. In summary,
the ten-week aerobic intervention produced comprehen-
sive improvements in the regulatory, haemodynamic, and
recovery characteristics of the students’ cardiovascular
system. The observed changes indicate enhanced aerobic

capacity, more efficient cardiac function, and strengthened
autonomic control. These outcomes have both health-pro-
moting and preventive significance for young people aged
17-21 and confirm the high effectiveness of the proposed
programme.

Impact of the aerobic programme

on physical fitness and endurance

The analysis of physical fitness indicators at three observa-
tion points demonstrated a clear positive trend in adaptive
changes resulting from the ten-week aerobic programme.
Interim results at the fifth week already showed statistically
significant progress in aerobic endurance, speed-strength
abilities, muscular endurance, and coordination skills,
which continued to develop by the end of the programme.
Endurance assessment was conducted within the target
training zone, calculated using formulas for maximum
heart rate (formula (2)) and training heart rate (formu-
la (3)), providing objective confirmation that the exercise
intensity was appropriate. The final and interim results of
the physical tests are presented in Table 2, summarising the
key transformations in the students’” physical fitness profile.

Table 2. Physical fitness indicators at three observation points (M + SD)

Indicator Before programme 5t week After programme
Six-minute run, m 1,162 +118 1,234+121 1,316 +127
Standing long jump, cm 183.4+16.7 187.2+17.3 1916+18.1
Muscular endurance (repetitions per 30 s) 21.3+39 23140 25.4+4.2
Shuttlerun4x9m, s 10.86+0.61 1052 +0.57 10.28+0.54

Source: created by the authors

Analysis of the data in Table 2 indicates that the most
pronounced changes were observed in tests reflecting
aerobic performance and overall physical fitness. In the
six-minute run, the baseline distance was 1,162+ 118 m. By
the fifth week, this increased to 1,234+ 121 m, demonstrat-
ing an early response of the aerobic system even to mod-
erate training loads. After ten weeks, students achieved
1,316 + 127 m, representing an improvement of 154 m from
baseline. This progression reflects increases in stroke vol-
ume, mitochondrial density in muscle cells, improved ef-
ficiency of peripheral oxygen utilisation, and a reduction
in the energy cost of submaximal exercise. Considering
that the training sessions were conducted within the tar-
get aerobic HR zone, these results indicate that the exercise
intensity was sufficient to induce aerobic adaptations and
stimulate endurance development.

The standing long jump reflects the speed-strength ca-
pacity of the lower limbs, which is traditionally less respon-
sive to aerobic interventions. Nevertheless, the data show
a steady increase from 183.4+16.7 cm to 191.6+18.1 cm.
The increase of approximately 8 cm can be attributed to the
indirect effects of aerobic exercise on the functional state of
the lower-limb muscles: regular cyclic movements enhance
intermuscular coordination, improve muscular endurance,
and optimise motor unit recruitment. The progression in
the standing long jump is fully consistent with mechanisms
of moderate strength adaptation, which accompany pro-
longed cyclic activity through increased elasticity of mus-
cle-connective tissue structures and refinement of the tech-
nical execution of the movement.

In the muscular endurance test, which measured the
number of correctly performed repetitions in 30 seconds,
results gradually increased from 21.3 3.9 to 25.4 + 4.2
repetitions. This improvement indicates enhanced local
endurance of the primary muscle groups of the trunk and
lower limbs. It is well established that aerobic exercises en-
hance tissue buffering capacity, facilitate more efficient ox-
ygen utilisation by muscles, and raise the fatigue threshold
(McArdle et al., 2015). Therefore, changes observed in this
test reflect not only an overall improvement in function-
al resilience but also a systemic reorganisation of energy
supply mechanisms towards greater reliance on oxidative
processes, even during short-duration strength activities.

The indicator of speed and coordination, assessed us-
ing the 4x9 m shuttle run, also showed positive progres-
sion. The reduction in completion time from 10.86+0.61 s
to 10.28 £0.54 s indicates improvements in neuromuscular
coordination, acceleration and deceleration capacity, and
optimisation of movement skills during frequent changes of
direction. Although this test is not directly aerobic, the over-
all increase in fitness and the reduction in recovery time (as
confirmed by the HRR1 dynamics in the previous section)
contributed to more efficient performance of the exercise.

In summary, the results indicate that the ten-week aer-
obic programme produced systemic improvements in the
students’ physical fitness. The most pronounced gains were
observed in aerobic endurance, reflected in a substantial
increase in the distance achieved during the six-minute
run. Concurrently, the gradual improvements in standing
long jump, muscular endurance, and speed-coordination
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abilities demonstrate the comprehensive nature of the
adaptive processes. These changes reflect enhanced ox-
ygen utilisation, strengthening of the functional base of
the musculoskeletal system, and improved neuromuscular
regulation, collectively confirming the high efficacy of the
programme in developing overall physical capacity and
functional resilience in young adults.

Correlation analysis of morphological

and functional changes

Correlation analysis revealed systematic relationships
between morphological changes and functional cardi-
ovascular adaptations induced by the ten-week aerobic
training. The findings confirmed that reductions in body
fat and optimisation of somatometric proportions have a
direct physiological translation into improvements in en-
durance, recovery, and cardiac efficiency. These results are
characteristic of training adaptation processes and allow
the effectiveness of the programme to be evaluated not
only by the end-point changes but also by the patterns of
internal interrelationships. One of the strongest relation-
ships identified in the study was the correlation between
reductions in body fat and improvements in HRR1, which
reached r=-0.62 (p <0.01). The negative direction of the
correlation indicates that the greater the decrease in body
fat percentage, the larger the increase in HRRI. This aligns
with evidence that reduction of the fat component de-
creases metabolic stress and improves heart rate variability
(Brunetto et al., 2008). Students exhibiting the most pro-
nounced reductions in body fat (-1.5% to -1.8%) achieved
HRRI1 values of 23-24 bpm at the end of the programme,
substantially higher than the group mean (22.4+4.1 bpm).
This relationship demonstrates that changes in the mor-
phological profile have a direct impact on the autonomic
regulation of cardiac function. Fat loss enhances barore-
ceptor sensitivity and accelerates parasympathetic recov-
ery after exercise, explaining the observed increase in
HRRI1 (Brunetto et al., 2008).

A similarly notable relationship was observed be-
tween reductions in waist circumference and increases in
six-minute run distance (r=-0.58; p <0.01). A decrease in
waist circumference of 1.5-2.5 cm was accompanied by an
increase in distance of 140-180 m, whereas students with
less pronounced morphological changes showed gains of
only 90-110 m. This relationship has a clear physiological
basis: reduction of central adiposity lowers intra-abdomi-
nal pressure, improves diaphragmatic mobility, and reduces
resistance during respiratory movements (Sonpeayung et
al., 2020). Reduction of abdominal adipose tissue simulta-
neously contributes to a decrease in peripheral vascular re-
sistance and an improvement in muscle perfusion through
restoration of endothelial function (Aronow, 2017). In
practical sports terms, this means that changes in somatic
profile alone can serve as a predictor of enhanced aerobic
capacity, even when training volume remains constant.

A strong inverse correlation was observed between the
Ruffier-Dickson index and six-minute run performance
(r=-0.66; p <0.001). This indicates that reductions in the
index were closely associated with improvements in run-
ning distance. Students whose index decreased by more
than 3 points increased their run distance by 150 m or
more. Since the Ruffier-Dickson index integrates the heart’s

response to exercise and the speed of recovery, improve-
ment in this measure reflects an increase in stroke volume,
economisation of cardiac activity, and enhanced aerobic
capacity. Accordingly, the Ruffier-Dickson index proved
to be a sensitive marker of training adaptation, capable of
signalling functional progress even before changes in body
mass or circumferences became evident.

A moderate but statistically significant correlation was
identified between BMI and muscular endurance (r=-0.41;
P <0.05). Students who reduced their BMI by 0.3-0.6 kg/
m* exhibited greater increases in repetitions during the
30-second test (up to +5-7 repetitions). Physiologically, this
can be attributed to a reduction in mechanical load on the
musculoskeletal system and an improvement in the mus-
cles” functional capacity to perform cyclic local efforts un-
der conditions of reduced metabolic stress. This confirms
that even a modest optimisation of body mass and height
parameters can enhance overall physical capacity.

A cumulative analysis demonstrated that the strongest
correlations were observed in measures sensitive to central
adiposity — waist circumference, fat mass, and WHR. This
underscores a fundamental principle of exercise physiolo-
gy: central obesity is a key modifier of functional status and
determines cardiovascular efficiency during aerobic exer-
cise. The identified correlations indicate that morphologi-
cal changes do not merely accompany training adaptations
but actively shape them. Reduction of fat mass, particular-
ly abdominal fat, is a determinant of increased endurance
and accelerated recovery responses. In summary, the corre-
lational analysis confirmed that the ten-week aerobic pro-
gramme elicited coordinated improvements in both mor-
phological and functional characteristics, with HRR1, the
Ruflier-Dickson index, and six-minute run performance
serving as the primary integrative markers of effectiveness.
These relationships highlight the practical significance of
optimising body composition as a prerequisite for enhanc-
ing aerobic performance and functional resilience in uni-
versity students.

Discussion

The results demonstrate that the ten-week aerobic pro-
gramme produced comprehensive positive changes in stu-
dents’ morphological and functional indicators. Moderate
reductions were observed in body mass, BMI, waist cir-
cumference, and fat component, while peripheral anthro-
pometric zones remained stable, indicating an early phase
of central fat reduction. Cardiovascular parameters also
improved: resting HR and blood pressure decreased, while
HRRI and the Ruffier-Dickson index reflected accelerated
recovery processes. Simultaneously, aerobic endurance,
muscular endurance, and coordination improved, confirm-
ing the systemic training effect of the programme.

Changes in morphological indicators following the
ten-week programme were moderate but statistical-
ly significant: body mass decreased from 69.8 + 7.4 to
68.7+7.2 kg, BMI from 23.4+2.1 to 22.9 +2.0 kg/m?, waist
circumference from 78.6 5.8 to 76.8 £ 5.5 cm, and body
fat percentage from 24.8% * 4.3% to 23.3% + 4.1%. This
pattern of morphological change is consistent with the
findings of C. Lan et al. (2022), who reported that regu-
lar aerobic programmes in a student cohort contributed
to reductions in body mass, BMI, and fat component,

‘ 16 Theory and Practice of Physical Culture and Sports, 2025, Vol. 4, No. 2



Chuprun & Chorny

particularly in measures of central adiposity. The authors
highlighted that waist circumference is a sensitive marker
of adaptation to systematic aerobic training, aligning with
the dynamics observed in the present study. These trends
also correspond with the conclusions of M.B. Batista et
al. (2020), which indicated that body mass status and the
degree of biological maturation determine aerobic capacity
in young males. The authors found that BMI reduction is
a typical response to moderate-intensity training in young
individuals with an established somatic profile, reflecting
the BMI dynamics observed in the 17-21-year-old cohort
of the current study.

Similar findings have been reported by B.S. Chauhan
& S. Kumar (2023), who evaluated the effects of regular
aerobic exercise on the morphological characteristics of
undergraduate students and found that systematic train-
ing produced a moderate reduction in body mass and BMI
within the young adult cohort. These results are further
corroborated by Y. Soylu et al. (2023), who examined the
effectiveness of two self-regulated aerobic training regimes
in physically active young adults. Their study demonstrat-
ed that both regimes led to moderate decreases in body
mass and fat tissue, consistent with the magnitude of mor-
phological changes observed following the ten-week pro-
gramme in the student cohort. By contrast, the changes
observed in the present study were less pronounced than
those reported by D. Djordjevic et al. (2021), who investi-
gated the effects of aerobic exercise on body composition
in children and adolescents. That study documented great-
er reductions in fat mass and faster morphological adapta-
tion. The partial discrepancy can be attributed to age-re-
lated differences, as younger individuals exhibit greater
metabolic plasticity and a more rapid response of adipose
tissue to cyclical exercise.

The indicators of the cardiovascular system demon-
strated a distinct positive trajectory: resting heart rate de-
creased from 74.2 + 6.8 to 69.4 £ 5.9 bpm, systolic arterial
pressure from 118.2+8.4 to 114.3 +7.5 mmHg, and diastol-
ic pressure from 74.1+6.1 to 71.6 £ 5.5 mmHg. Notably, the
HRR1 metric increased from 17.3 + 3.6 to 22.4 +4.1 bpm.
The Ruffier-Dixon index decreased from 12.4 + 3.1 to
8.6+2.7 points, indicating an improved cardiac response to
standardised exercise. The observed changes in resting HR,
HRRI, and the Ruffier-Dixon index align with the findings
of ].M. Thomas et al. (2022), who highlighted the utility of
HRR as a marker of cardiorespiratory fitness and the ef-
ficiency of autonomic cardiovascular regulation in young
adults. The consistency in adaptive trends suggests that
systematic moderate-intensity aerobic exercise enhances
parasympathetic control of cardiac activity and optimises
recovery processes following physical exertion. Similar pat-
terns were reported by N. Armstrong & J. Welsman (2020),
where regular cyclic exercise in young adults led to a gradu-
al reduction in resting HR and improved cardiac reactivity
to physical load. The agreement between these studies indi-
cates that even relatively short interventions can initiate the
early phase of cardiorespiratory adaptation.

The dynamics of HRR1 corresponded with trends ob-
served by G. NavarroLomas et al. (2022), in which var-
ious training modalities in young adults increased heart
rate variability and accelerated parasympathetic recovery.
This similarity underscores the role of aerobic training in

establishing a more economical and controlled heart
rhythm. Improvements in the Ruffier-Dixon index are
also consistent with the conclusions of H.C.D. Souza et
al. (2021), who demonstrated that enhanced cardiorespi-
ratory fitness in young adults is accompanied by strength-
ened autonomic regulation and more efficient recovery
following standardised exercise. The results partially align
with those reported by R. Sloan et al. (2021), who observed
more pronounced improvements in haemodynamic pa-
rameters and responses to orthostatic and psychological
stimuli following aerobic training. The smaller magnitude
of adaptive changes in the present study is likely due to the
shorter programme duration and differences in the partic-
ipants’ baseline functional status.

The findings demonstrated a gradual enhancement
of students’ physical fitness over the ten-week aerobic
programme: the six-minute run distance increased from
1,162+118 m to 1,316+ 127 m; the standing long jump im-
proved from 183.4+16.7 cm to 191.6 + 18.1 cm; muscular
endurance rose from 21.3+3.9 to 25.4+ 4.2 repetitions; and
the 4x9 m shuttle run time decreased from 10.86 + 0.61 s
to 10.28 + 0.54 s, indicating gains in endurance, strength,
and coordination. Similar patterns were reported by
C. Lourengo et al. (2025), who identified a relationship be-
tween weekly physical activity volume and students’ fitness
indicators, particularly endurance and strength. Compa-
rable trends were also noted by M. Saputra et al. (2024),
where comparisons of different forms of aerobic activity
revealed improvements in overall physical performance
and muscular endurance, consistent with the dynamics ob-
served in the present sample.

In the study by A. Agus & F Mukhtarsyah (2021),
the effects of aerobic exercise on students” physical fitness
were examined, showing that systematic aerobic training
led to improvements in motor performance, particularly
endurance, speed-strength characteristics, and coordina-
tion skills. These findings align with the observed changes
in standing long jump performance and shuttle run times
in the present sample. Data from B. Rogers et al. (2021)
demonstrated that training intensity guided by heart rate
variability reliably enhances aerobic performance. The in-
creases in six-minute run distance and muscular endurance
observed in this study are consistent with this trend. The
overall improvement in endurance, strength, and coordi-
nation among students following the ten-week programme
corresponds with the results reported by X. Yu (2025),
where an aerobic dance intervention in university students
simultaneously enhanced cardiorespiratory endurance,
muscular qualities, and motor preparedness.

Correlation analysis revealed clear relationships be-
tween morphological and functional changes in the stu-
dents. Reductions in fat mass were associated with in-
creases in HRR1 (r=-0.62; p < 0.01), decreases in waist
circumference correlated with gains in six-minute run dis-
tance (r=-0.58; p<0.01), reductions in the Ruffier-Dickson
index corresponded with improvements in aerobic endur-
ance (r=-0.66; p<0.001), and decreases in BMI were linked
to increases in muscular endurance (r=-0.41; p <0.05). A
similar interrelationship between parameters is supported
by the study of N.E. Wade et al. (2020), which examined as-
sociations between aerobic fitness and brain morphometric
characteristics in young adults. The authors demonstrated
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that superior physical fitness is linked to more efficient neu-
rofunctional organisation, consistent with the observed as-
sociation in the present sample between HRR1 and chang-
es in the morphological profile. Results from D. Mongin et
al. (2022) indicated that reductions in heart rate variabil-
ity during exercise serve as a highly sensitive indicator of
cardiorespiratory fitness. This mechanism aligns with the
detected correlation between HRR1 and fat mass, as both
indices reflect the efficiency of autonomic regulation.

In the study by J.A. Pérez-Ramirez et al. (2025),
high-intensity interval programmes in schools led to im-
provements in adolescents’ endurance and physical fitness.
The association observed in the current sample between
waist circumference and running distance corroborates the
conclusion that changes in morphological profile directly
influence aerobic performance. Similarly, T.G. Nguyen &
O. Gomez (2024), in their research on models of aerobic
control and the design principles of effective fitness sys-
tems, demonstrated that optimisation of morphological
parameters — particularly the ratio of muscle to fat tis-
sue — is a key mechanism for enhancing aerobic capaci-
ty. This finding aligns with the correlation observed in
the student sample between reductions in BMI and gains
in muscular endurance. The study by G.M.G. Bonuzzi et
al. (2020), which examined the effects of aerobic exercise
on the acquisition of complex motor skills, demonstrated
that improvements in motor control are accompanied by
functional changes in cardiorespiratory systems. A similar
pattern was observed in the present study, where the Rufhi-
er-Dickson index was closely associated with performance
in the six-minute run.

In summary, the results of the study demonstrated
consistent positive changes in students’ morphological,
functional, and physical indicators, aligning with the ev-
idence reported in numerous scientific studies that con-
firm the effectiveness of structured aerobic interventions
for young adult populations. The direction of adaptive re-
sponses - including reductions in fat mass, improvements
in cardiovascular regulation, and increases in endurance
and motor abilities — replicates findings from research con-

circumference by 1.8 cm, and body fat percentage by 1.5%.
The most pronounced changes in waist circumference and
fat mass indicate a reduction in central obesity - a key
factor in cardiometabolic risk. This pattern of adaptation
reflects the activation of lipolysis and a restructuring of
energy metabolism without loss of muscle mass, which is
a typical effect of regular aerobic exercise. The functional
status of the cardiovascular system also improved: resting
HR decreased by 4.8 bpm, systolic and diastolic blood pres-
sure fell by 3.9 mmHg and 2.5 mmHg, respectively, and
pulse pressure decreased by 1.4 mmHg. The HRR1 index
increased by 5.1 bpm, while the Ruffier-Dickson index de-
creased by 3.8 points, indicating a substantial enhancement
of parasympathetic control, improved cardiac efficiency,
and more effective recovery processes. All observed chang-
es are consistent with typical mechanisms of aerobic adap-
tation in young adults.

Physical fitness indicators improved across all tests: the
six-minute run distance increased by 154 m, muscular en-
durance by 4.1 repetitions, standing long jump by 8.2 cm,
and the 4x9 m shuttle run time decreased by 0.58 s. This
pattern demonstrates gains in aerobic capacity, muscular
endurance, speed-strength characteristics, and coordina-
tion, highlighting the effectiveness of the programme in
developing multi-component motor fitness. Correlation
analysis confirmed the interdependence of morphological
and functional adaptations: reductions in fat mass were as-
sociated with increases in HRR1 (r=-0.62), decreases in
waist circumference with improvements in six-minute run
distance (r=-0.58), decreases in the Ruffier-Dickson index
with enhanced running performance (r=-0.66), and reduc-
tions in BMI with gains in muscular endurance (r=-0.41).
These findings indicate that morphological optimisation
serves as a key determinant of functional progress, par-
ticularly in cardiovascular regulation and physical per-
formance. Recommendations for future research include
expanding sample sizes across age groups and involving
multiple educational institutions to increase representa-
tiveness and enable comparative analyses.
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AHoTauif. Merta po60TH — BUABUTU 0COOMMBOCTI 3MiH MOKa3HMKIB (Pi3MYHOTO PO3BUTKY Ta (PYHKIIOHATBHIX MOXKTMBOCTEN
MOJIOZIi Y Pe3y/IbTaTi 3aCTOCYBaHHs PO3poO/IeHol aepobHOl mmporpamu. [JocimKeHHs IPOBOANIOCh Ha 6asi IlepesiciaBcpkoro
yHiBepcutery imeni Ipuropis CxoBopomu (KniBcbka 0671acTb) yIpomoBx fecsty TWKHIB (3 mororo — 13 ksitHa 2025 p.)
i3 3amydenHam 40 crygeHTiB BikoM 17-21 pokiB. ExcriepuMeHTanbHe NOCTIPKEHHA BKIIOYAO TPY €Taly BMMIpIOBaHb, IO
TO3BO/IJIO OLIHMTY AVHaMiKy MOpQooriyHyx i (yHKIOHaIbHNX ITOKa3HMKIB Y CTYHEHTIB I BIUIMBOM CTPYKTYPOBaHOI
aepoOHOI IporpaMu. PesyibTaTyi JOCTDKEHHA 3acBifuwm, IO Maca Tima 3MeHImwIacAd Ha 1,1 ki, iHAekc Macu Tima — Ha
0,5 Kr/M?, OKPY>KHICTb Tasii — Ha 1,8 M, a YacTKa >XMPOBOI TKaHMHM — Ha 1,5 %, 1110 BiTOOpakayIo PeLyKIfiio [IeHTPAIbHOTO XUPY
Ta ONTMMI3ALI0 COMATIYHOro Ipodimo. [ToKasHMKM cepLieBO-CYAMHHOI pery/sLil TaKoXK HMOKPALIICS: YaCcTOTA CEepPLEBUX
CKOPOY€EHbD Y CIIOKOI 3HM3WIAcs Ha 4,8 yJI/XB, CUCTOMIYHMIA TUCK — Ha 3,9 MM PT. CT., liaCTOMIYHMIA — Ha 2,5 MM PT. CT., @ IIBUJKICTb
BiITHOBJICHHA YaCcTOTH CEpLIEBIX CKOpOYeHb 3pociia Ha 5,1 yi/xB. [nexc Pydye-Jlikcona sMeHImBCs Ha 3,8 6as1a, 1110 CBiT4IIO PO
IIBVIIEHHA PEaKTUBHOCTI Ta BiTHOBHMX MOXUIMBOCTeN. ITokasHVKY (isHOI HiirOTOBIEHOCTI IeMOHCTPYBaIN 3POCTaHHA:
AVCTAHIis MIECTUXBWINHHOTO 6iry 36Umbiummacst Ha 154 M, CTpr6OK y JOBKMHY — Ha 8,2 cM, M5130Ba BUTPUBAJICTD — Ha 4,1
HIOBTOPEHHS], @ Yac YOBHUKOBOTO 6iry 4x9 M mokpamuscst Ha 0,58 ¢. CyKyIHICTb OTPMMAHMX 3MiH MATBEPIPKYE eeKTUBHICTD
aepOoOHOI POrpamn sIK 3aco0y pO3BUTKY 3araibHOI (Gi3M4HOI fi€3naTHOCTI cTyAeHTiB. OTprMaHi JaHi MOXXYTb Oy TM BUKOPUCTaHI
BMK/TafiadaMyl (Di3MYHOTO BMXOBAaHH:A, TpeHepaMu (iTHec-TporpaM, (axiBLAMY CIOPTUBHOI MEAMIIMHM Ta OpraHi3aTopamu
03/I0pOBYNX 3aXOfiB Y 3aK/IafjaX BUILOI OCBITH I ONTVMI3allil HABYaTbHO-TPEHYBA/IBHIX 3aHATD i pO3pOO/IeHHs eeKTUBHIX
niporpam (isrdHOI MiroTOBIEHOCTI MOTOZ

KntouoBi cnoBa: okpyxHicTb Tajii; >KMpoBa TKaHMHA; CEpPLEBO-CYAMHHA CHCTEMa; YaCTOTA CEPLEBUX CKOPOUEHB;
apTepianbHUIt TUCK; iHAeKC Pyd’e-IlikcoHa; IBUAKICTD BiTHOBIEHHS
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Abstract. This study aimed to provide an empirical verification of the effectiveness of a comprehensive methodology for
distance learning in the discipline of Physical Education within the educational process of students in the humanities
(Faculty of Arts, Management, Pedagogy, and Psychology). The experimental phase of the research was conducted from
February to May 2025 at Hryhorii Skovoroda University in Pereiaslav. To achieve the stated aim, a pedagogical experiment
was carried out on a student sample (N=120), which included assessments of physical fitness, questionnaire surveys, and
correlation analysis using Student’s t test to determine the statistical significance of differences between the experimental
and control groups. The findings demonstrated that the comprehensive distance learning methodology, incorporating
synchronous classes and systematic monitoring, ensured a statistically significant increase in objective indicators of
physical fitness (p <0.01 or p <0.001), whereas such improvements were not observed within the traditional model of
distance learning. Students in the experimental group exhibited substantial progress across all six evaluated indicators:
overall satisfaction increased from 27% to 63%, perceived effectiveness from 23% to 75%, intrinsic motivation from 25%
to 70%, independent organisation of learning from 33% to 80%, adequacy of physical workload from 45% to 85%, and
the integral index of overall assessment rose from 17% to 55%. All observed shifts were statistically significant (p <0.001),
thereby confirming the sustained positive impact of the enhanced distance learning methodology. The obtained data
indicate the statistically significant effectiveness of the tested distance learning methodology, which ensures positive
dynamics in the development of students’ physical qualities. A high degree of correlation was identified between the
level of daily physical activity and indicators of endurance. In addition, quantitative analysis confirmed a substantial
increase in the level of intrinsic motivation and satisfaction with learning in the experimental group. These findings are
of practical significance for optimising the process of distance physical education in higher education institutions

Keywords: digital transformation; physical activity; health; demotivation; educational process; physical qualities

Introduction
The relevance of investigating the effectiveness of distance by the COVID-19 pandemic and the war, has imposed
learning in physical education in higher education institu-  new requirements on the higher education system regard-
tions is determined by a set of global and local factors that  ing the adaptation of traditional academic disciplines, in-
have significantly transformed the educational environ-  cluding physical education, to the digital space. Physical
ment. The transition to a remote learning format, caused  education in higher education institutions performs an
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important function in developing health-preserving com-
petence and in maintaining students’ physical and psycho-
logical well-being, which necessitates an analysis of the
possibilities for ensuring its effectiveness under distance
learning conditions. An insufficient level of physical ac-
tivity among students is associated with a subsequent de-
terioration in cognitive functions and mental health, as
confirmed, inter alia, by the research of E.A. Haapala et
al. (2025), who considered childhood physical fitness as
an indicator of future cognitive and psychological devel-
opment. Thus, a need emerged not only to transfer the
educational process to the online environment, but also
to identify and analyse methodologies capable of ensuring
the achievement of the discipline’s objectives under condi-
tions of physical separation between participants in the ed-
ucational process. The transition to distance learning was
predominantly compulsory rather than planned, which led
to the application of diverse approaches requiring system-
atic analysis. Of particular relevance is the identification
of didactic models, technological solutions, and organisa-
tional forms that are able to ensure high-quality learning
outcomes, sustain learning motivation, and promote the
development of students’ physical qualities.

In academic discourse, considerable attention has been
devoted to the general aspects of the impact of distance
learning on higher education. D. Turnbull et al. (2021) ex-
amined universities’ responses to the transition to e-learn-
ing during the COVID-19 pandemic and found that the
success of institutional adaptation depended on technolog-
ical preparedness and organisational flexibility. By contrast,
B.N. Alarifi & S. Song (2024) compared online and face-to-
face learning in higher education. Their study demonstrat-
ed that online learning provides flexibility and accessibili-
ty, but reduces social interaction and student engagement.
M. Alenezi (2023) analysed digital learning and the forma-
tion of digital institutionalisation in higher education insti-
tutions, emphasising that the effective implementation of
technologies enhances the quality of education and fosters
the development of students’ digital competences.

Meanwhile, I.G. Bondarenko et al. (2020) assessed the
organisation of distance training for future specialists in
physical education. The authors noted that the effective-
ness of classes depends on the use of interactive methods
and the monitoring of physical activity, thereby demon-
strating the practical significance of the distance learning
format in discipline-specific contexts. O.M. Nesterenko et
al. (2024) analysed innovative approaches to teaching phys-
ical education in higher education institutions. Their study
showed that the integration of digital simulators and online
platforms enhances learning outcomes and contributes to
the development of students” physical qualities. In the re-
search of O. Mozolev (2022), the specific features of organis-
ing students” physical education under distance and blend-
ed learning conditions were described, with an emphasis on
the necessity of adapting curricula to new circumstances.

L. Moustakas & D. Robrade (2022) examined e-learn-
ing in the field of university sport and physical education
during the COVID-19 pandemic. They emphasised that
digital methods make it possible to maintain motivation
and regularity of training even in a remote format, which
indicates the promising future and relevance of using
electronic technologies in sports education. By contrast,

J.K. Kohli et al. (2025) developed a scale to assess teachers’
readiness for distance learning. The results demonstrated
that a high level of e-readiness contributes to the effective-
ness of the pedagogical process and facilitates the adoption
of new technologies. B. Bashir & A.L. Lapshun (2025) ex-
plored the prospects of e-learning in higher education in
the 2020s and beyond, emphasising that the integration
of innovative digital platforms and technical solutions is
crucial for improving educational quality and adapting to
changes in teaching practices.

Despite the growing scholarly attention to this issue,
several aspects remain insufficiently addressed in contem-
porary research. A substantial proportion of studies have
focused on the general organisational parameters of the
transition to distance learning or have relied on subjective
evaluations by participants in the educational process. The
issues of objectively measuring the effectiveness of dis-
tance learning in physical education on the basis of physi-
cal fitness indicators, the development of motor skills, and
the comparison of these results with data obtained under
traditional face-to-face instruction remain inadequately
explored. Studies devoted to the training of specialists in
physical education have also not fully considered the spe-
cific characteristics of teaching students in the humanities,
for whom physical education functions as a general educa-
tion discipline. Insufficiently investigated are the questions
of the long-term impact of distance learning on students’
levels of physical activity after returning to in-person in-
struction, as well as the need to take into account the con-
ditions of local crisis events. In this context, there is a clear
need for research aimed at determining the impact of dis-
tance learning in physical education on objective indicators
of students’ physical fitness in higher education institutions
and at identifying methodological approaches capable of
ensuring positive dynamics in these indicators.

This study aimed to conduct an experimental verifi-
cation of the effectiveness of a comprehensive, author-de-
veloped methodology for distance learning in physical ed-
ucation for students of the Faculty of Arts, Management,
Pedagogy, and Psychology at Hryhorii Skovoroda Universi-
ty in Pereiaslav. To achieve this aim, the following research
objectives were defined: to assess the impact of the imple-
mented methodology on students’ physical fitness indica-
tors; to examine the possibilities of using digital tools for
monitoring physical activity through the application of fit-
ness trackers; and to analyse students’ levels of satisfaction,
learning motivation, and engagement in the process of dis-
tance physical education classes.

Materials and Methods
The empirical study was conducted from February to May
2025 at Hryhorii Skovoroda University in Pereiaslav. The
total sample comprised N =120 first-year students with a
mean age of 18.1+0.4 years; the sample included 60 males
and 60 females. The research was based on a pedagogical
experiment. The inclusion criteria were enrolment in the
first year of study, provision of informed consent to par-
ticipate, an initial level of physical fitness, regular attend-
ance of academic classes, and active participation in phys-
ical culture and health-related activities. The initial level of
physical fitness was determined using standardised tests
that assessed endurance, strength, speed-strength abilities,
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and flexibility. The exclusion criteria included the presence
of medical contraindications to physical activity, participa-
tion in professional sports clubs, and absence from more
than 20% of distance learning classes. Participants were di-
vided into a control group (CG, 60 students: 30 males and
30 females, mean age 18.2+0.3 years) and an experimental
group (EG, 60 students: 30 males and 30 females, mean age
18.0 + 0.4 years), with comparable baseline levels of physi-
cal fitness. Full confidentiality was guaranteed to all partic-
ipants. The study was conducted in accordance with inter-
national ethical standards, including the Code of Ethics of
the American Sociological Association (1997) and the Eu-
ropean Commission (2021) on ethics and data protection,
and was approved by the university’s ethics committee. To
achieve the research objectives, a set of empirical methods
was applied, including measurement, observation, testing,
and comparison.

A formative experiment was conducted in which the CG
was taught according to the traditional model of distance
learning, which involved two classes per week, each lasting
60 minutes, delivered in the format of lectures and demon-
strations. The EG followed a developed comprehensive
methodology aimed at increasing students’ physical activity.
The methodology for the EG integrated three synchronous
sessions per week via Google Meet (n.d.) (45-60 minutes
each) and two asynchronous sessions on the Moodle (n.d.)
platform, combined with structured physical exercises.
Each session included the following stages: a warm-up
(aerobic exercises, 10-15 minutes), a main part (strength
and aerobic exercises, 25-35 minutes), and a cooldown
(stretching). Load regulation was based on the FITT prin-
ciples (frequency, intensity, time, and type of exercise), with
exercise intensity maintained at 65-85% of the maximum
heart rate. Individualisation was ensured through baseline
test results, data obtained from fitness trackers worn daily
by students throughout the experimental period, and sub-
jective well-being indicators. The exercises were selected
to ensure comprehensive physical development and safe
performance in home-based conditions. The choice of a
comprehensive methodology was determined by the need
for interactive learning, personalisation of physical load in
accordance with students’ levels of physical fitness, and the
possibility of real-time monitoring of physical activity, in
contrast to the traditional model, which is predominant-
ly based on passive perception of educational material.

For the objective assessment of physical fitness de-
velopment, a measurement method was applied through
standardised testing conducted at the beginning and
at the end of the study. The testing included the stand-
ing long jump (speed-strength abilities), the Cooper test
(endurance), the number of trunk lifts performed in

30 seconds (abdominal muscle strength), and the forward
trunk bend (flexibility). To ensure objectivity, which is a
critically important aspect of distance learning, students in
the EG used portable fitness trackers, Xiaomi Smart Band
8 (China), for the daily measurement of physical activity
indicators, specifically step counts. Questionnaire surveys
were administered before the beginning and after the com-
pletion of the experiment. A single research instrument
was applied, namely an author-developed questionnaire
designed on the Google Forms platform (USA). It consist-
ed of 12 items covering the level of interest in classes, mo-
tivation to perform exercises, and satisfaction with the or-
ganisation of distance learning. Sample questions included:
“How capable are you of organising and monitoring your
own learning?”, “How satisfied are you with distance learn-
ing in physical education?”, and “How would you assess
the effectiveness of the lesson methodology?”. A five-point
Likert scale was employed, and the criterion for a high or
positive assessment was established by combining the re-
sponses “high/very high” or “positive/very positive”.

A set of statistical methods was applied for the pro-
cessing of both subjective and objective data. The collec-
tion of subjective data (motivation and satisfaction) was
carried out using the above-mentioned author-developed
questionnaire. Prior to analysis, the normality of data dis-
tribution was verified using the Shapiro-Wilk test. The
comparative method was used to assess the initial level of
preparedness of the groups, the dynamics of improvement
within the CG and EG, and the comparison of final results
between the groups. Student’s t test was applied to com-
pare mean values, while the chi-square (x*) test was used
for the analysis of categorical questionnaire data in order to
determine the statistical significance of changes in the re-
sponses of the CG and EG before and after the experiment.
The relationship between activity indicators obtained from
fitness trackers and physical fitness indicators was assessed
using Pearson’s correlation coefficient. The processing of
fitness tracker data involved averaging daily indicators over
the entire experimental period. Statistical analysis was per-
formed using Statistica 13 (USA). The level of statistical
significance was set at p <0.05, and the results are presented
in the format X+ SD.

Results and Discussion
Impact of the comprehensive methodology
on students’ physical fitness
The results of this comparison, illustrating changes in phys-
ical fitness parameters across four main aspects (speed-
strength abilities, endurance, abdominal muscle strength,
and flexibility) at the beginning and at the end of the exper-
iment, are presented in Table 1 below.

Table 1. Comparative analysis of physical fitness indicators
in the CG and EG at the beginning and at the end of the experiment

. Beginning of the experiment End of the experiment 0 ,
Indicator Group (X-£5D) (X-£5D) Increase (%) | Student’s t test p
CG (n=60) 198.4\71 200.8\7.5 12 t=0.89 p>0.05
Standing long jump (cm)
EG (n=60) 1979\6.9 210.1\8.4 6.2 t=4.12 p<0.01
CG (n=60) 2,150\125 2,185\130 16 t=1.05 p>0.05
Cooper test (m)
EG (n=60) 2,160\128 2,350\145 8.8 t=5.78 p<0.001
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Table 1, Continued

Indicator Group ELEIE E:_zh:DE;xperlment == oft[:\(n_z:;gn]enment Increase (%) | Student’s t test p
Abdominal muscle strength | CG (n=60) 32.1\35 33.5\37 b4 t=150 p>005
(number of repetitions/30's) | EG (n=60) 325\356 389\4.1 197 t=6.91 p<0.001

Flexibility (forward trunk CG (n=60) 8.5\1.2 8.8\1.3 35 t=075 p>005
bend, cm) EG (n=60) 8.3\1.1 10.4\L4 253 t=5.15 p<001

Source: created by the authors

A detailed analysis of the quantitative results present-
ed in Table 1 made it possible to objectively evaluate the
effectiveness of the comprehensive distance learning meth-
odology in physical education implemented in the EG, in
comparison with the traditional approach applied in the
CG. The baseline testing data demonstrated that, at the be-
ginning of the experiment, no statistically significant dif-
ferences were observed between the CG and EG for any of
the indicators (all p>0.05). This confirms the homogeneity
of the sample and its suitability for conducting a compara-
tive study. The analysis of the results after the completion of
the formative experiment revealed fundamentally different
dynamics in the two groups. In the control group, which
was taught according to the standard distance learning
model with limited feedback, the increase in indicators was
minimal and, importantly, statistically insignificant across
all four dimensions (p > 0.05). For example, the standing
long jump improved by only 1.2% (from 198.4\7.1 cm to
200.8\7.5 cm), while the Cooper test result increased by
1.6%, that is, from 2,150\125 m to 2,185\130 m.

In contrast, the experimental group, which applied the
comprehensive methodology incorporating individualis-
ation of physical load, synchronous sessions, and digital
monitoring, demonstrated statistically significant and sub-
stantially greater improvements across all tested indicators.
The most pronounced progress was observed in flexibility,
where the increase reached 25.3%, namely from 8.3\1.1 cm
t0 10.4\1.4 cm (p<0.01), and in abdominal muscle strength,
which increased by 19.7%, from 32.5\3.6 to 38.9\4.1 repeti-
tions per 30 seconds (p <0.001). The marked improvement
in abdominal muscle strength is particularly indicative, as
this parameter is highly dependent on the regularity and in-
tensity of the training process. This result is consistent with
the findings of M. Sanz-Matesanz et al. (2024), who demon-
strated that even a specialised physical training programme
exerts a positive effect on both physical and cognitive per-
formance. The endurance indicator (Cooper test) increased
by 8.8%, specifically from 2,1601128 m to 2,350\145 m
(p<0.001), demonstrating the effectiveness of individual-
ised running and cardio programmes, which were moni-
tored using fitness trackers. Even in a metric traditional-
ly challenging for distance learning, such as the standing
long jump - which reflects the development of speed-
strength abilities — an increase of 6.2% was recorded, with
the mean value rising from 197.9\6.9 cm to 210.1\8.4 cm.

A comparison of the final results between the EG and
the CG confirmed the statistical superiority of the compre-
hensive methodology applied in the EG. Across all four in-
dicators, the final results of the EG were significantly higher
than those of the CG, and these differences were highly sig-
nificant. These findings demonstrate that the effectiveness
of distance learning in physical education can be enhanced

to a level comparable with traditional approaches, provided
that specialised methodological and technological solutions
are employed. The use of technology for personalisation
and real-time monitoring proved to be a key factor, which
aligns with the projections of P.S. Aithal et al. (2024), who
emphasised the growing role of technology in the future of
higher education and the necessity of its implementation
to improve learning quality. Furthermore, the outcomes of
the experimental group highlighted the importance of ac-
tive leadership and an innovative approach in educational
management, a point also emphasised by G. Maheshwari et
al. (2024), who analysed the impact of e-leadership on staff
performance in higher education institutions.

In summary, the results of the pedagogical experiment
not only demonstrated the superiority of the developed
comprehensive methodology over the traditional distance
learning model but also highlighted that approaches based
on technological monitoring and individualisation can
achieve substantial improvements in students’ physical fit-
ness even under remote learning conditions. In the context
of barriers described by S.A.J. Phulpoto et al. (2024) regard-
ing e-learning, the comprehensive methodology applied
in the EG successfully overcame many of these obstacles,
transforming technology from a potentially problematic
element into an effective tool for the educational process.

The alignment of these findings with the conclusions
of S.A.J. Phulpoto et al. (2024) illustrates improvements
in teaching effectiveness within the context of e-learning
at public universities in Pakistan. The authors emphasised
that high achievements in e-learning systems are attainable
only through the systematic elimination of organisational
barriers, the provision of reliable digital infrastructure, and
the creation of an environment in which educators receive
support for the application of innovative approaches. Sim-
ilarly, C. Tejeda-Delgado et al. (2011), analysing cultural
aspects of learning, highlighted the critical importance of
aligning the educational environment with student expec-
tations and ensuring regular, high-quality feedback to com-
pensate for the absence of direct interaction. The success of
distance learning, therefore, depends on the integration of
technology, methodology, and psychology, which togeth-
er form a new educational landscape. The present study
corroborates these findings, demonstrating that a techno-
logically and administratively supported model of remote
learning can reliably produce significant improvements in
students’ academic achievements.

Digital monitoring of physical fitness in students of the
Faculty of Arts, Management, Pedagogy, and Psychology
at Hryhorii Skovoroda University in Pereiaslav

Contemporary academic discourse emphasises the neces-
sity of digital transformation in higher education and the
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integration of technologies to enhance learning effective-
ness, particularly under distance learning conditions. The
shift to online education, prompted by global crises, has
highlighted a key challenge: maintaining the practical ori-
entation of disciplines such as physical education without
direct educator supervision. In this context, M. Akour &
M. Alenezi (2022), analysing the future of higher educa-
tion in the era of digital transformation, emphasised that
the success of distance learning depends on the imple-
mentation of tools that allow the objectification of both
the learning process and its outcomes. The use of portable

technologies and fitness trackers represents a key mecha-
nism for addressing the problem of the absence of physi-
cal contact, enabling continuous measurement of students’
physical activity. Additionally, the importance of a physical
learning environment for distance learners in higher ed-
ucation is recognised as a critical factor influencing both
psychological and physical well-being (Ng, 2021). Table 2
below presents the results of a correlation analysis between
the average daily step count recorded for students in the EG
during the experiment and the relative percentage increase
(%) in their physical fitness indicators.

Table 2. Correlation analysis of the relationship between physical activity

Indicator of physical fitness increase | Pearson correlation coefficient (r) Significance level (p) Strength and direction of the relationship
Increase in standing long jump (%) 0.58 p<001 Moderate, positive
Cooper test increase (%) 0.72 p<0.001 High, positive
Increase in abdominal muscle strength (%) 0.65 p<0.01 Moderate, positive
Flexibility increase (%) 0.41 p<0.05 Weak, positive

Source: created by the authors

The analysis presented in Table 2 allows for the quan-
tification of relationships between the objective measure-
ment of physical activity in students of the EG (average
daily step count) and the effectiveness of the applied com-
prehensive distance learning methodology, as expressed by
the relative increase in physical fitness indicators. During
the experimental period, the EG achieved an average of
9,850 + 1,120 steps per day, considerably higher than the
WHO-recommended 6,000-8,000 steps for maintaining
health, indicating the success of the methodology in pro-
moting physical activity (Elgin, 2025).

The Pearson correlation analysis demonstrated a direct
and statistically significant relationship between average
daily steps and improvements across all tested physical
fitness qualities. The strongest correlation was observed
between step count and endurance improvement (Cooper
test), with a correlation coefficient of r=0.72 (p < 0.001).
This high correlation indicates that students who main-
tained higher levels of daily activity, as recorded by fit-
ness trackers, achieved the greatest improvements in aer-
obic endurance. These results highlight the necessity of
implementing objective monitoring of students’ physical
activity in distance education, providing a means to over-
come limitations previously identified by N. Martynova &
E. Kuzko (2021). Unlike the previously identified problem
of insufficient supervision of practical activity, the applied
methodology provided systematic and transparent moni-
toring of physical activity, which substantially enhanced
the effectiveness of organising the learning process.

The increases in strength-related qualities, specifically
abdominal muscle strength (r=0.65, p <0.01) and speed-
strength abilities, as measured by the standing long jump
(r=0.58, p<0.01), also showed a moderate but significant
positive correlation with step count. This indicates that
overall physical activity, even when non-specific (such as
walking), serves as an important background factor in the
development of these qualities within the context of the
comprehensive training programme implemented in the
EG. The strong correlation confirms that, in a distance

learning environment where the lecturer cannot contin-
uously monitor exercise performance, maintaining high
overall physical activity through tools such as fitness track-
ers is an effective mechanism for promoting performance
outcomes. The weakest, although still statistically signifi-
cant, correlation was observed between step count and im-
provements in flexibility (r=0.41, p <0.05). This finding is
physiologically consistent: walking has a limited effect on
flexibility, which primarily depends on the performance of
specialised stretching exercises. Nevertheless, the positive
correlation suggests that general physical activity and par-
ticipation in the training regimen, even indirectly, contrib-
ute to improvements in this quality as well.

Overall, the results of the correlation analysis empiri-
cally support the necessity and effectiveness of using digital
measurement tools (fitness trackers) to enhance both the
objectivity and the outcomes of distance learning in phys-
ical education. It has been confirmed that technological
monitoring and individualisation of physical load contrib-
ute to an increase in overall physical activity, which in turn
leads to a significant improvement in physical fitness. With-
in the broader research context, for example, L. Zhang et
al. (2022), who conducted a literature review on online
learning during COVID-19, the present study adds con-
crete empirical evidence showing how technology can be
used not only to deliver information but also to objectively
monitor physical progress — a factor critical to maintaining
quality in times of crisis. The findings also align with the
recommendations of W. Ali (2020), who emphasised the
need for a rapid and effective transition to remote learn-
ing, stressing that institutions must identify ways to ensure
learning effectiveness. The methodology applied in the EG,
based on continuous measurement and correlational anal-
ysis of data, demonstrated one such approach. The presence
of significant correlations confirmed that individualised
tasks, which required a specified level of daily activity, were
successfully integrated into students’ routines, resulting in
a statistically significant increase in physical fitness indica-
tors — an outcome not observed in the CG. This, in turn,
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provides evidence of the effectiveness of the comprehen-
sive methodology as a mechanism for overcoming the chal-
lenges of physical remoteness and maintaining the integ-
rity of the physical education process in higher education
institutions. The successful implementation of flipped
classrooms in higher education during the pandemic, as
examined by B. Divjak et al. (2022), further emphasises
that independent student work — which forms the core of
distance learning — can be highly effective if clearly struc-
tured and monitored, as was achieved here through digital
measurement of physical activity.

Satisfaction indicators with online physical education

in the control and experimental groups

The analysis of subjective data collected through the au-
thor-designed questionnaire allows for a comparison of
the psychological and motivational profiles of students in
the control group and the experimental group. To identify
statistically significant differences between the groups for
categorical variables (levels of satisfaction, motivation, and
autonomy), the Chi-square test was applied. The results,
together with the percentage distribution of responses, are
presented in detail in Table 3.

Table 3. Comparative analysis of students” subjective indicators of satisfaction and motivation in distance learning

No s e R Criterion for apositive | CG before | CGafter | EGbefore | EGafter | , (dF=1)
: response (N=60) = (N=60) (N=60) (N=60) X P
p | fHow Sat'Sﬁ“'dpaxs‘i’g; ‘g'c'ltuhcg't?::]';“e learning in H'ghg r:z:;;;ny::e' of | 18(30%) | 20(33%) | 16(27%) 38(63%) 279 | p<0001
How would you assess the effectiveness of the o o
2 lesson methodology? Positive/very positive 15(25%) | 16 (27%) | 14(23%) | 45(75%) 35 p<0.001
g | Fvaluateyour '"tr'e";:]cc?t?;r']"at"’” forphysical | s very highlevel | 17(28%) | 18(30%) | 15(25%) | 42(70%) 225 | p<0001
4 H°“’;Z§igf:;£:’;\;r‘::ﬁ::j:}l%a"d High ":JZ{;'E;L‘*""' of | 2237%) | 24(40%) 20(33%) 48(80%) 192 | p<0001
5 | Dovou °°”S'tdoe;szf f'l’thny:;?'et’;f appropriate Yes (adequate) 28(47%) | 30(50%) | 27(45%) | 51(85%) | 187 | p<0.001
g Woudyou '[;T:t:;g;”;;'r':::t'far"'"g na | Yes ['ftheef;:sttm?”"’gy S| gu3%) | 95%) | 1007%)  33(55%) | 225 | p<000L
7 | How m“g;::‘ifzrjr?ﬁ gVC"I:Sf:sgmm e igh/medium level of support | 25(42%) | 28 (47%) | 24(40%) | 52(87%) = 268 | p<0001
g~ Howeasywas I(t;ft;z;iepjilttfvl tools (Moodle, Easy/very easy 35(58%) | 38(63%) | 34(57%)  55(92%) @ 156 | p<0.001
g  Didyoureceive S;’::E'fﬂ:g;i‘;‘ib“k on exercise Yes (sufficient) 12(20%) | 14(23%) | 15(25%) @ 40(67%) | 275 | p<0.001
1o | Didyoufeel 3“'"’:2’3‘?;';‘;3" during distance |y o owlevel of isolation) | 20 (33%) | 22(37%) = 21(35%) | 49(82%) | 243 | p<0001
| Doestheflexible Crizzzzghed”'e meet your Fully/mostly meets 30(50%) | 32(53%) | 31(52%) | 54(90%) 216 | p<0.001
Did the lessons contribute to an increase in
12 | your overall physical activity, according to your Yes (contributed) - - 26 (43%) | 53(88%) 235 p<0.001
tracker?

Source: created by the authors

The data in Table 3 revealed a marked difference be-
tween the control and experimental groups in the dynam-
ics of subjective indicators. For overall satisfaction with dis-
tance learning (Question 1), students in the CG exhibited
minimal change (from 30% to 33%). In contrast, the EG
showed a sharp increase in positive responses from 27% to
63%, which was statistically significant (x*=27.9, p<0.001).
The high level of significance indicates a pronounced pos-
itive impact of the proposed methodology. This finding
aligns with international research by P. Fidalgo et al. (2020),
who emphasised that positive evaluations of distance learn-
ing depend on course structure quality, pedagogical sup-
port, and timely feedback.

A similar trend was observed for the assessment of
methodology effectiveness (Question 2), where chang-
es in the CG were minimal (25% > 27%), whereas the EG
demonstrated an increase from 23% to 75% (x* = 35.0,
p <0.001). This result reflects the subjectively perceived
pedagogical effectiveness of the course. These findings are

consistent with those of S. Elfirdoussi et al. (2020), who
found that students rated distance courses more positively
when they included clear instructions and well-structured
materials. Particularly noteworthy is the indicator of intrin-
sic motivation for physical education (Question 3), which
is traditionally difficult to enhance in a distance learning
format. In the CG, the indicator of intrinsic motivation
remained almost unchanged (28% > 30%), whereas in the
EG it increased substantially from 25% to 70% (x*=22.5,
P <0.001). This finding aligns with the results of M. Rizun
& A. Strzelecki (2020), who demonstrated that motiva-
tion for online learning is strongly influenced by feelings
of engagement, autonomy, and personalisation. The rise in
motivation indicates an effective restructuring of the learn-
ing environment. The fourth indicator, students’ ability to
organise their own learning independently (Question 4),
also revealed a significant gap. In the CG, growth was min-
imal (37% - 40%), whereas in the EG, there was a dra-
matic increase from 33% to 80% (x*=19.2, p <0.001). The
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improvement in autonomy supports the theoretical conclu-
sion of M. Barak (2012) that organisational transformation
should position students as active participants in the learn-
ing process. The fifth indicator, the perceived adequacy of
the physical load (Question 5), reflected a balance between
the objective difficulty of the exercises and the students’
subjective capacity. The CG showed only a slight improve-
ment (47% -> 50%), whereas the EG increased from 45%
to 85% (x*=18.7, p<0.001). This outcome aligns with the
study by M. Allen et al. (2006), which concluded that the
effectiveness of distance programmes depends on adapt-
ing the learning material to students’ individual abilities.
The sixth indicator, willingness to continue learning in a
distance format (Question 6), demonstrated the clearest
overall improvement. In the CG, changes were minimal
(13% > 15%), while in the EG they were substantial, rising
from 17% to 55% (x*=22.5, p<0.001). In turn, this indicates
that the implemented methodology enhanced the motiva-
tional, emotional, and organisational aspects of learning,
fostering a sustained desire to continue studying. This con-
clusion aligns with the findings of S.A. Aljawarneh (2020),
who demonstrated that a key advantage of innovative ubiq-
uitous learning tools is their ability to maintain prolonged
student engagement.

Analysis of the additional questions (7-12) reinforc-
es these conclusions. Regarding lecturer support (Ques-
tion 7), the EG showed an increase from 40% to 87%
(x*=26.8, p<0.001), highlighting the crucial role of syn-
chronous communication and individualisation. Feedback
provision (Question 9) also rose in the EG from 25% to
67% (x*=27.5, p<0.001), a factor recognised as essential
for course quality by P. Fidalgo et al. (2020). Of particular
note is the result concerning social isolation (Question 10),
where the proportion of students in the EG reporting no
feelings of isolation increased from 35% to 82% (x*>=224.3,
p <0.001), confirming the effectiveness of the methodolo-
gy’s interactive elements in promoting social engagement.
Similarly, the indicator for contributing to overall physical
activity (Question 12) rose in the EG to 88% (x*=223.5,
p <0.001), supporting the efficacy of fitness trackers and
individualised exercise loads. The experimental results are
fully consistent with theoretical models of distance educa-
tion and confirm that the effectiveness of online learning
is determined by the quality of pedagogical decisions. At
the same time, comparison with the study by I.A. Adeoye et
al. (2020) shows that, in the absence of methodological
preparation, even simple online tasks can become chal-
lenging. This provides grounds to interpret the present
findings as evidence that the enhanced methodology sig-
nificantly improves the effectiveness of distance learning.
The comparative analysis of subjective indicators convinc-
ingly demonstrates the high effectiveness of the developed
comprehensive distance-learning methodology for the EG.
The substantial and statistically significant increases across
all 12 questionnaire parameters (ranging from 15.6 to 35.0,
p <0.001) reflect improvements in satisfaction, intrinsic
motivation, autonomy, perceived support, and the adequa-
cy of workload. These findings indicate that the integration
of synchronous communication and digital monitoring
compensated for the limitations of the distance-learn-
ing format and fostered a new, more effective education-
al culture, aligning with the key theoretical positions of

M. Barak (2012) and P. Fidalgo et al. (2020) regarding the
critical role of pedagogical support and student autonomy
in online education.

Summarising the outcomes of the study, it is evident
that the implementation of the developed comprehensive
methodology for distance learning in physical education
produced a systematic positive effect on all key compo-
nents of the educational process in the experimental group.
Observed changes include increases in student satisfaction,
intrinsic motivation, and the development of autonomy,
self-awareness, and responsibility for organising their own
learning and physical activity. The combination of synchro-
nous pedagogical guidance, structured learning content,
and elements of digital monitoring created conditions to
overcome characteristic limitations of the distance-learn-
ing format, such as reduced social interaction and insuffi-
cient feedback. The results confirm that the effectiveness of
distance learning is determined not by the format itself, but
by the quality of pedagogical decisions, their adaptability
to student needs, and their ability to ensure active engage-
ment in the learning process.

Conclusions

The empirical study, aimed at analysing the effectiveness of
distance learning in physical education at a higher educa-
tion institution, established and quantitatively confirmed
the advantages of a comprehensive methodology that inte-
grated digital monitoring technologies with individualised
workloads over the traditional distance learning model. The
research demonstrated that the application of this innova-
tive approach produces a statistically significant improve-
ment in objective measures of students’ physical fitness and
substantially enhances their subjective perception of the
learning process. The results of the pedagogical investiga-
tion indicate that when distance learning is organised effec-
tively, its outcomes are comparable to those of traditional
face-to-face formats. Students in the EG showed statisti-
cally significant improvements across all tested indicators
(p<0.01 or p<0.001), whereas increases in the CG were
not statistically significant. The greatest improvements in
the EG were observed in flexibility (25.3%) and abdominal
muscle strength (19.7%), while endurance (Cooper Test)
increased by 8.8%. These findings indicate that continuous
digital monitoring and programme individualisation effec-
tively stimulate the training process, which standard dis-
tance-learning arrangements do not provide.

Analysis of the data collected via fitness trackers in the
EG revealed a direct and statistically significant correlation
between the average daily step count and the gains in phys-
ical fitness indicators. The strongest correlation was ob-
served with endurance (r=0.72, p <0.001), unequivocally
confirming that objective measurement of physical activity
is a significant factor in the development of physical abil-
ities in the context of distance learning. Evaluation of the
experimental results demonstrated a clear and consistent
advantage of the experimental methodology over the tradi-
tional distance-learning format. All six indicators showed
substantial improvement: in the experimental group, over-
all satisfaction increased from 27% to 63%, perceived effec-
tiveness from 23% to 75%, intrinsic motivation from 25%
to 70%, independent organisation of learning from 33%
to 80%, adequacy of physical workload from 45% to 85%,
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and the overall composite indicator rose from 17% to 55%.
This dynamic confirms that the revised methodology had a
marked positive effect on the emotional, motivational, and
organisational aspects of distance learning.

methodology on students’ health-preserving competence
and physical activity, employing a larger sample and com-
paring different models of digital monitoring, including
mobile applications with Al-assisted correction.

The limitations of this study pertain to the sampling
method, as a non-probability (convenience) sample was
utilised, thereby restricting the direct extrapolation of
the results to the broader population of higher education
students. Furthermore, despite the implementation of fit-
ness trackers, maintaining comprehensive oversight of
exercise technique within a distance learning context re-
mains a persistent challenge. Future research should focus
on evaluating the long-term effects of the comprehensive
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AHoTaujia. MeTa HayKOBOTO HOCTIIKEHH IIOJIATala B eMIipuyHil Bepudikanii eeKTMBHOCTI KOMIUIEKCHOI METOIVKIM
IVMCTAHIHOTO HaBYaHHA 3 AucumMivliu «®PisydHa KynbTypa» B OCBiTHbOMY IIpolieci CTYAEHTiB T'yMaHiTapHOTO
npodino (pakyabTeT MICTELTBA, MEHEIPKMEHTY, IIefaroriku i ncuxornorii). EkcriepuMeHTanbHa YacTvHa SOCTIIKEHHS
Oynma peanisoBaHa YIPOJOBXK JIIOTOro-TpaBHA 2025 poky Ha 6asi YuiBepcurery Ipuropia Cxosopopu B Ilepescnasi.
I mocsArHeHHA MeTy OYB 3aCTOCOBaHMII IIearoriuHmil eKcIepuMeHT Ha Bubipni crymeHTis (N =120), 10 BK/I0OYaB
TecTyBaHH:A (Pi3MYHOI IATOTOBIEHOCT], aHKe TyBaHH: i KOpe/IALIIHNIA aHaIi3 i3 BUKOpUCTaHHAM t KpuTepito CTblofeHTa i
TEeCTY JI/I1 BCTAHOBJIEHHA CTAaTUCTUYHOI 3HAYYLIOCTi BiMiHHOCTEN MiXK €KCIIepMMEHTAIbHOI0 Ta KOHTPOIbHOIO TPYIIaMM.
byno BcTaHOB/IEHO, 110 KOMIIZIEKCHA METOAMKA JMCTAHIIIHOIO HaBYaHHA i3 BUKOPUCTAHHAM CUMHXPOHHUX 3aHATH i
MOHITOpUHIY 3a0e3IedyBano CTATUCTUIHO 3HAYYLIMIl MIPUPICT 06’ EKTUBHUX IOKA3HUKIB (i3MYHOI MiATOTOBIEHOCTI
(p < 0,01 abo p < 0,001), mo He crocTepiranocs y TpamMLiiiHiI MOfeni AVCTAHLiIHOTO HAaBYaHHA. Y CTYHEHTIB
eKCIIepMMEHTA/IbHOL Ipyy 3a(iKcOBaHO CyTTEBE IOKpAIleHHA 3a BCiMa IIiCTbMa ITOKa3HMKaMI: 3arajibHa 3aJJOBO/ICHICTD
3pocina 3 27 % mo 63 %, ouiHka epeKTUBHOCTI — 3 23 % 1o 75 %, BHYTpilHA MOTUBaLiA — 3 25 % o 70 %, caMocTiiiHa
opranisariis HaB4aHH:A — 3 33 % no 80 %, agexBaTHicTh (Hi3NIHOrO HaBaHTAKEHHS — 3 45 % 1o 85 %, a iHTerpanpHUIA
MOKA3HUK 3arajibHOl OLIHKY HigBMIuBCA 3 17 % g0 55 %. Yci 3aminu 6ynu cratuctudHo sHauymumu (p < 0,001), mo
HiATBEPIKYE CTAOLIPHNIT MOSUTUBHUI BIUIMB YIOCKOHATEHOI METOAVKY JUCTAHLIHOrO HaBYaHHsA. OTpuMaHi gaHi
CBiYaTh MMPO CTATUCTUYHO 3HAYYLIY e(eKTUBHICTh alipoOOBaHOI METONUKY Bifa/leHOro HaBYaHH:, sKa 3abesmedye
HO3UTYUBHY JUHAMIKy PO3BUTKY (i3MYHMX SKOCTENl CTYAEeHTIB. BCTaHOBIEHO BMCOKMII CTYIIHD B3a€MO3B’A3KYy MK
piBHeM 1OfieHHOI (Pi3NYHOI AKTUBHOCTI Ta IIOKasHMKaMU cTiiikocTi. KpiM Toro, KinbKicHWiT aHai3 NifTBEpANB CyTTEBE
3pOCTaHHA PiBHA BHYTPIIIHbOI MOTMBAIlil Ta 3a/I0BOJIEHOCTI HABYaHHAM B €KCIIepMMeHTanbHil rpymi. 11i pesynpratn
MAIOTb IIPAKTUYHY 3HAYYINICTh /I ONTUMI3alil Ipoliecy AUCTaHILiitHOTrO (disuyHOro BuxoBaHHsa y 3BO

Kntouosi cnoBa: undposa Tpanchopmalis; pyxoBa aKTUBHICTb; 3J0pOB’S; JEMOTHBALiA; OCBiTHINM mporec; disnyHi
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Abstract. The study aimed to investigate the impact of integrating the Olympic Education programme into school
Olympic games and mass sporting events on the level of physical fitness and development of students. The research
methodology included comparative analysis and a quasi-experimental study based at the V. Monomakh Lyceum in
Pereiaslav and the I. Mazepa Academic Lyceum in Pereiaslav, involving 168 students between February and May, and the
formation of an algorithm for organising mass sporting events based on elements of the Olympic Education programme.
The study determined that each type of exercise has a different effect on the development of students’” physical qualities.
The implementation of the Olympic Education programme promotes the systematic combination of physical education
lessons and extracurricular mass sporting events, ensuring the comprehensive development of schoolchildren through
the integration of learning, physical activity and play. At the beginning of the experiment, the physical fitness of students
in the experimental and control groups was relatively the same, with minor differences in cardiorespiratory endurance,
strength, flexibility and coordination. After completing the Olympic Education programme, the experimental group
demonstrated significant improvement in all indicators: the average distance in the 12-minute Cooper run was
2,070 £200 m compared to 1,850 +210 m in the control group, the number of push-ups in 1 minute increased to 30+ 6
times compared to 24 + 5, flexibility in the sit-and-reach test reached 24 +5 cm compared to 19 5 cm, and the shuttle
run time (10x5 m) was 16.2 + 1.8 seconds compared to 18.5+ 2.1 seconds. These results indicate a significant increase
in cardiorespiratory endurance, strength, flexibility, and speed-coordination of students who participated in gamified
physical education classes. The results of the study can be used by physical education teachers and school administrators
to plan and implement Olympic education programmes aimed at increasing students’ physical activity

Keywords: teenagers; physical activity; mass sports activities; games; physical training; general secondary education
institutions

Introduction
Olympic education is a tool for improving the effective-  ucational process, it combines educational, upbringing and
ness of mass sporting events in schools, as it shapes a val-  health aspects, ensuring the comprehensive development
ue-based attitude towards physical culture, strengthens pu-  of schoolchildren. The inclusion of Olympic ideas and ped-
pils’ motivation to engage in regular sports activities and  agogical technologies in the structure of physical education
encourages them to lead an active lifestyle. Within the ed-  creates the basis for the growth of mass sporting events,
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increasing the level of student participation in sports clubs
and developing internal motivation for self-improvement.
This direction necessitates research-based justification of
the role of Olympic education in improving mass sports
activities in schools and determining effective ways to in-
tegrate it into the educational space.

In scientific discourse, researchers have actively stud-
ied this topic and outlined various approaches to interpret-
ing its content, pedagogical functions, and role in shaping
students’ sports activities. V. Babalich et al. (2023) empha-
sised the role of physical culture trends that contribute
to the modernisation of sports activities in schools and a
gradual increase in the number of students participating
in physical education and sports activities. The researchers
pointed to such forms as health and training classes, mass
sporting events, optional sections, and integrated physi-
cal education lessons with elements of fitness and game
sports. The significance of encouraging young people to
lead an active lifestyle is in line with the position of R. Ku-
mar (2024), who described Olympic sport as a strategic
resource for strengthening the nation through educational
and training tools that are integrated into the school envi-
ronment. The gradual formation of a sports culture within
the school community helps to create conditions for the
harmonious development of students, as well as the opti-
misation of mass sports activities by increasing motivation
and participation.

J. Li & L. Yuan (2022) found that the introduction
of Olympic education for primary and secondary school
students, combined with the STEAM approach (Science,
Technology, Engineering, Art, and Mathematics), pro-
motes physical literacy and interest in sport. They also
found that the effectiveness of the programme depends
on the integration of interdisciplinary tasks and the active
participation of teachers in the formation of sports skills
and values. I. Lutsenko et al. (2025) demonstrated the ef-
fectiveness of innovative methods of teaching physical ed-
ucation in higher education institutions, emphasising the
synergy of professional, physical and educational goals.
These findings confirm the possibility of further introduc-
ing innovations into the school environment to optimise
mass sports activities and expand the educational impact
of Olympic ideas. The development of sport among young
people is closely linked to the formation of a system for
training athletes of different levels. M. Sattari et al. (2024)
demonstrated the impact of involving educational struc-
tures in the development of elite sport, highlighting the
significance of schools in the early identification and
support of talented young people. This reinforces the ar-
gument regarding the function of Olympic education as a
mechanism for increasing the sporting potential of society
through basic and mass physical activity.

Furthermore, C. Fan et al. (2025) studied the success
of a private sports school in China, demonstrating that in-
stitutional support, motivational programmes and main-
taining team spirit can ensure the long-term participation
of young people in sport. Despite the differences between
private academies and regular schools, mechanisms for en-
gaging and supporting student initiative have the potential
to be adapted to mass sports activities within general sec-
ondary education. J.L. Rojas Torrijos (2024) explored how
a scientific approach to sport can broaden coverage of the

Olympic Games by emphasising the integration of per-
formance analysis, biomechanics, and sports science into
media content. The researcher emphasised the importance
of presenting evidence to improve public awareness of
sporting achievements and the overall dynamics of large-
scale sporting events. Despite the aspects highlighted by
the above-mentioned authors, there is insufficient research
into the mechanisms for implementing Olympic education
in the daily practice of general education institutions. The
study aimed to evaluate the effectiveness of implementing
elements of the Olympic Education programme through
school Olympic games and mass sporting events to im-
prove physical fitness.

Materials and Methods

The study conducted a comparative analysis of various
types of school Olympic games and mass sporting events,
including short and middle-distance running, relay races,
long jump and high jump, ball throwing, team games, and
complex exercises for coordination and strength. These
types of games were selected based on their accessibility,
safety, and compliance with the methodological recom-
mendations of the Olympic Education programme (Inter-
national Olympic Committee, n.d.), and the analysis was
based on criteria of physical fitness and participation in
mass sporting events. An algorithm for organising mass
sporting events was developed based on the Olympic Edu-
cation programme, the methodological recommendations
of the International Olympic Committee (International
Olympic Committee, n.d.) and the existing experience of
school Olympic programmes, incorporating safety, acces-
sibility and the comprehensive development of students.
The algorithm included the stages of planning the event,
preparing participants and teachers, conducting a warm-
up, the main part with various types of exercises and
games, as well as the final stage with evaluation of results
and summarising.

A quasi-experimental study was conducted between
February and May 2024 in two lyceums in Pereiaslav, name-
ly the V. Monomakh Lyceum and the I. Mazepa Academic
Lyceum. The sample included 168 students aged 14 to 16
from the two selected lyceums. The inclusion criteria were
age 14-16, regular attendance at physical education classes,
no medical contraindications, and written consent from
parents, while the exclusion criteria were chronic diseases
or injuries of the musculoskeletal system, participation in
professional sports sections, or refusal to participate fur-
ther. The groups were formed in such a way that the overall
percentage of attendance at physical education classes in
both groups before the start of the study was 70%. The two
groups included equal numbers of representatives from
two schools. The experimental group studied according
to the adapted Olympic Education programme, while the
control group continued with standard physical education
classes without an additional programme. Ethical research
standards were adhered to in accordance with the Decla-
ration of Helsinki (2013), and the voluntary participation
of all participants and the confidentiality of their personal
data were ensured.

Before the initiation of the experiment, schoolteachers
underwent two days of training on how to integrate school
games and elements of the Olympic Education programme
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into physical education lessons. For 16 weeks (from Feb-
ruary to May 2024), students in the experimental group
participated in two 60-minute classes per week, which
included a warm-up, a main part with aerobic, strength
and coordination exercises, and a cool-down. Students
in the control group continued with standard physical
education classes with the same frequency and duration,
but without the thematic component. The assessment
was conducted in several stages: pre-intervention testing
in January 2024 included measurements of physical in-
dicators (12-minute Cooper run, number of push-ups in
1 minute, sit-and-reach test for flexibility, shuttle run for
coordination). Final testing was conducted in May 2024,
and additional data on class attendance was collected. The
results were processed by comparing pre- and post-inter-
vention indicators within the group and between schools
using paired and intergroup ¢ tests for categorical changes
in the level of participation in activities.

Results

The Olympic Education programme was developed by the
International Olympic Committee (International Olympic
Committee, n.d.) to promote Olympic values among young
people and integrate them into the educational process in
schools around the world. It involves a gradual increase
in the complexity of tasks and physical activity, adapted
to the level of training of students, as well as systematic
monitoring of results and support. The programme can be
effectively implemented in schools both within physical
education lessons and through extracurricular sports and
mass events. Its structure provides for the adaptation of
tasks to the level of physical training of students, the safety
of exercises and the integration of Olympic values into the
educational process. Relays, team games and tournaments
are organised in an accessible and interactive way. Table 1
shows a comparative analysis of the main types of school
Olympic Games according to various criteria.

Table 1. Comparative analysis of types of school Olympic Games

Types of Olympic Games

Physical training

Involvement in mass sporting events

Short-distance running (60-100 metres)

Develops explosive speed, starting technique,
and reaction to the signal

Used in school athletics competitions,
“Fast Sprint” competitions

Middle-distance running (200-400 metres)

Improves cardiovascular endurance, leg strength
and proper breathing

Participation in interclass and interschool cross-
country competitions, “Spring Run”

Contributes to the development of speed,

Organisation of class and school relays

Relay races coordination and baton passing skills for Olympic Week
Long jum Increases leg strength, range of motion Used in school athletics competitions
Jump and coordination during the run-up and Olympic festivals
High jump Develops leg strength, flexibility and jumping technique Used in intra-school tournaments, Olympic days
Ball throwing Develops hand strength, precision and coordination Organisation of school competitions for accuracy

and distance of throw, “Athletics Day”

Team games (football, basketball, volleyball)

Develops endurance, speed, strength,
tactical thinking and teamwork

Holding tournaments between classes
and schools, “Olympic Cup”

Comprehensive exercises
for coordination and strength

Combine squats, push-ups, planks, balance exercises,
and yoga elements.

Used in school sports holiday programmes,
Olympic Health Day, and training complexes

Source: compiled by the authors based on the International Olympic Committee (n.d.)

Analysis of the table showed that different types of
school Olympic Games combine various aspects of phys-
ical education and can be effectively integrated into the
educational process to optimise mass sports activities.
Short and medium distance running develops speed and
endurance, relay races and team games improve coordina-
tion, endurance, team spirit and responsibility, long jump
and high jump, ball throwing develop strength, accura-
cy, movement technique, and complex coordination and
strength exercises stimulate self-discipline, attentiveness
and progress in performance. The combination of these
activities ensures the comprehensive development of
students and involves a wide audience of schoolchildren
in systematic participation in mass sporting events. In
addition, adjusting the schedule of classes and sporting
events in accordance with the rules of instruction ensures
stable physical activity for students, prevents overexer-
tion and reduces the risk of injury during exercise. This
approach ensures even distribution of workload through-
out the week, which contributes to the safe and effective

development of students’ physical skills in the learning
process. From the point of view of improving physical fit-
ness and preventing injuries, comprehensive planning of
sports activities is effective. The use of a structured sched-
ule and adherence to instruction rules creates favourable
conditions for the development of strength, endurance,
flexibility and coordination, while at the same time form-
ing safe exercise habits in students.

To systematise the work of teachers and students, en-
sure the safe and effective conduct of events, and promote
the consistent development of students, it is recommended
to use the algorithm for organising mass sporting events
under the Olympic Education programme. It maintains
high motivation to participate, can be used to assess pro-
gress, optimises the use of equipment and resources, and
ensures the integration of Olympic values into the learning
process. Table 2 illustrates a step-by-step algorithm for or-
ganising mass sporting events using elements of the Olym-
pic Education programme, with detailed instructions, tools
and sports equipment used for each stage.
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Table 2. Algorithm for the step-by-step organisation of mass sporting events
using elements of the Olympic Education programme

Stage Steps

Tools Sports equipment

Event planning
accessibility

Define the goals and format of the event, select types
of exercises and games, and consider safety and

Event plan, 10C methodological
recommendations, schedule -
templates

Preparation
of participants
and teachers

Conduct training for teachers and students, familiarise
them with the rules and safety procedures

Instructional materials,
presentations, demonstration videos

Warm-up

and introduction students with the technique

A'set of light aerobic and flexibility exercises, familiarise

Methodological recommendations,
value charts, and a timer

Balls, skipping ropes, cones,
and stretching mats

Main part (exercises
and games)

Performing planned exercises and games: short and
medium distance running, relay races, long jump/high
jump, ball throwing, team games, complex exercises for
coordination and strength; compliance with safety rules

Event programme, instruction cards,
timer, stopwatch

Balls, batons, dumbbells, cones,
mats, and throwing balls

Final stage (assessment)

Evaluate the results of physical exercises, discuss
achievements and difficulties, and summarise the results

Results protocols, standardised
physical fitness tests

Note: IOC (International Olympic Committee)
Source: compiled by the authors based on research

In practice, the algorithm for organising mass sporting
events under the Olympic Education programme should
ensure systematic and consistent work for both students
and physical education teachers. For students, it creates a
clear structure for participation in various types of physi-
cal activity, encourages the priority on personal results and
progress, and stimulates motivation through participation
in competitions, relays, team games and complex exercises
to develop coordination, strength, endurance and flexibil-
ity. Students can participate in short and medium distance
running, relay races, long and high jumps, ball throwing,
team games such as football, basketball or volleyball, as well
as specially designed complex exercises to develop physical
qualities and coordination. Each stage includes a warm-up
with light cardio and flexibility exercises, a main part with
planned exercises and games, and a final stage with evalu-
ation of results. The algorithm involves regular repetition
of activities with a gradual increase in the complexity and
intensity of the load, which helps to avoid overload and in-
jury and ensures noticeable progress in physical fitness.

For teachers, the algorithm is a methodological tool
that helps them plan lessons, monitor the safety of exer-
cises, assess students achievements, and adjust the pro-
gramme according to their level of preparation and indi-
vidual needs. Teachers should conduct a briefing before the
start of the event, familiarise students with safety rules, and
organise compliance with the exercise regime, alternating
types of activity and adapting loads for students with dif-
ferent levels of physical fitness. Motivational support, en-
couragement of teamwork and individual achievements are
emphasised, which promotes a positive attitude towards
physical activity and forms healthy habits. The algorithm
can be used to allocate time and resources more effectively,
optimise the use of sports equipment, monitor results, and
foster a sense of achievement and success in students.

The algorithm also provides for various types of activi-
ties. Short and medium distance running can be organised
in the form of class or interclass sprints and cross-country
races, relays can be held with mutual team support, and

long jump and high jump can be held as individual or team
competitions with technique and result assessment. Ball
throwing can be used to develop accuracy and strength,
and complex coordination and strength exercises can be
conducted in the form of station training with alternating
types of activity. Team games develop tactical thinking, in-
teraction and leadership skills, and build team spirit. Each
event should end with a summary, analysis of achievements
and discussion of the experience gained.

For effective application of the algorithm, it is recom-
mended to use available sports equipment such as balls,
skipping ropes, cones, relay batons, stretching mats and
minimal equipment for strength exercises. It is also nec-
essary to ensure that the intensity of the load varies, to
combine aerobic and strength exercises, and to integrate
flexibility and coordination exercises into the warm-up and
cool-down parts of the session. Teachers should regular-
ly record students’ results and use standardised physical
fitness tests to assess progress, adjust the programme and
maintain positive development dynamics. The assessment
of students’ physical development, motivation and par-
ticipation in sports activities is interrelated, as the level of
physical fitness directly affects the ability and desire to par-
ticipate in various types of sports activities, while motiva-
tion determines the regularity and activity of participation,
and systematic involvement in activities, in turn, stimu-
lates the development of physical qualities and reinforces
a positive attitude towards sport, creating a cyclical effect
of mutual reinforcement of these components in the pro-
cess of forming Olympic values. Thus, the algorithm works
as a comprehensive tool that ensures structured, safe and
effective organisation of mass sporting events, while pro-
viding educators with clear methodological guidelines for
planning, conducting and evaluating results. An empirical
study was conducted to evaluate the effectiveness of the
described algorithm using elements of the Olympic Edu-
cation programme. Table 3 shows the results of pre-inter-
vention testing of the physical fitness of the experimental
and control groups.
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Table 3. Results of pre-intervention testing of students in the experimental and control groups

Indicator Units of measurement Experimental group (M SD) Control group (M= SD)
12-minute Cooper run m 1,780+ 210 1,805+215
Push-upsin 1 minute several times 204 215
“Sit-and-reach” test cm 164 17+5
Shuttle run (10x5m) S 19.2+23 19.0£2.2
Class attendance % 70 70

Source: compiled by the author based on a quasi-experimental study

Analysis of the pre-intervention test results showed
that both groups of students had a relatively similar lev-
el of physical fitness, but the control group demonstrated
slightly higher scores in some tests. The average distance in
the 12-minute Cooper run in the experimental group was
1,780 m, while in the control group it was 1,805 m, which
indicates slightly better cardiorespiratory endurance in
the control group. The number of push-ups in 1 minute
was 20 in the experimental group, and 21 in the control
group, i.e. the upper body strength was almost the same,
with a slight advantage for the control group. The sit-and-
reach test for flexibility showed 16 cm in the experimental
group and 17 cm in the control group, indicating a similar
level of muscle elasticity and joint mobility. The shuttle
run (10x5 m) results showed 19.2 seconds in the experi-
mental group and 19.0 seconds in the control group, re-
flecting almost the same level of coordination and speed

abilities in both groups. Overall, these indicators show
that the physical fitness of students in both groups was
approximately the same, which created favourable condi-
tions for an objective assessment of the programme’s im-
pact on the further development of physical activity and
sports skills. An experiment was conducted with classes
based on an algorithm with elements of the Olympic Edu-
cation programme, which included a warm-up, main and
final parts aimed at increasing student motivation and
activity. Post-intervention testing showed that the exper-
imental group significantly improved their performance,
while the control group showed only minor changes. Ta-
ble 4 shows the average values of physical performance,
class attendance and participation in mass sporting events
of students in the experimental and control groups before
and after the implementation of the Olympic Education
programme.

Table 4. Results of assessment of students in the experimental and control groups before and after testing

Indicator Units of measurement Experimental group Control group
12-minute Cooper run m 2,070+200 1,850+ 210
Push-ups in 1 minute times 306 24+5
“Sit-and-reach” test cm 24+5 195
Shuttle run (10x5m) c 16.2+1.8 185+2.1
Class attendance % 92 72

Source: compiled by the author based on a quasi-experimental study

Analysis of post-intervention results showed that stu-
dents in the experimental group significantly improved
their physical fitness in all indicators compared to the con-
trol group. The average distance for the 12-minute Cooper
run in the experimental group was 2,070 + 200 m, while
in the control group it was 1,850 + 210 m, indicating sig-
nificantly higher cardiorespiratory endurance. The number
of push-ups per minute in the experimental group reached
30+ 6 times, in the control group 24 + 5 times, demonstrat-
ing better upper body strength in the experimental group.
The sit-and-reach test showed an average flexibility level
of 24 £5 cm in the experimental group versus 19+ 5 cm
in the control group, indicating higher muscle elasticity
and joint mobility. The shuttle run (10x5 m) results in the
experimental group were 16.2 + 1.8 seconds, in the con-
trol group — 18.5+ 2.1 seconds, reflecting higher coordi-
nation and speed abilities of students who participated in
the Olympic Education programme. Attendance among
students in the experimental group was 92%, while in the
control group it was 72%, indicating more active participa-
tion of the first group in the learning process. Overall, these
data confirm the effectiveness of the gamified approach and
the integration of game elements into physical education
classes to improve the physical fitness and sports skills of

schoolchildren. Thus, after the programme was implement-
ed, the experimental group demonstrated an improvement
in all indicators of physical development, motivation and
involvement in sports activities compared to the control
group, which proves the effectiveness of “Olympic educa-
tion” in promoting physical activity and Olympic values
among secondary school students.

Discussion
The implementation of the Olympic programme contrib-
utes to the optimisation of mass sports activities in general
secondary education institutions and increases the organ-
isation of students to participate in extracurricular sports
events. The growing interest and motivation for Olympic
ideas, which is reflected in an increased number of class
attendances and an expansion of the range of mass sport-
ing events, indicates that pedagogical interventions based
on Olympic values stimulate collective physical activity
among schoolchildren. These results are consistent with the
findings of a study by A. Abdrassilov et al. (2023), which
confirmed that the proper organisation of sports education
clusters increases the level of youth participation in collec-
tive forms of activity due to increased internal interest. The
study demonstrated the importance of a pedagogical value
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base for maintaining a sustained interest in physical educa-
tion. The identified increase in the motivational component
among schoolchildren corresponds to the conclusions of
G. Alardani (2023), in which the quality of sports manage-
ment in educational institutions influences the activation of
sports initiatives among students. Proper organisation and
value orientation of educational programmes create con-
ditions for the formation of sustained interest in physical
activity among students. The results reflect the position of
V. Bilogur & R. Andriukaitiene (2021) and J.E. Yu (2022)
that competent management of sports education in crisis
conditions does not ensure a mechanical increase in the
number of events, but rather the formation of an environ-
ment that supports sustainable physical activity practices
among students. The data reproduce the trend described
by J. Choi et al. (2025), where the historical evolution of
elite sport has shown that the transmission of Olympic
traditions contributes to the formation of generations of
young athletes with a high level of sports culture. The im-
provement in children’s participation in mass sports initi-
atives coincides with the research of X. Zhan et al. (2021)
and PH. Chowdary & P. Thapar (2025), determining that
statistical analysis and sports technologies have an impact
on the younger generation’s growing interest in Olympic
disciplines. Injuries negatively affect the physical develop-
ment, academic performance and participation of students
in sports activities, while the systematic organisation of the
educational environment positively contributes to their
prevention. This statement is consistent with the findings
of M. Li et al. (2025), determining that the systematic or-
ganisation of the educational environment has a positive
effect on the prevention of sports injuries among students.
This proved that the combination of pedagogical control
and Olympic principles of safe training contributes to the
preservation of students’ physical health.

A. Martin-Rodriguez & R. Madrigal-Cerezo (2025)
and M. Whitehead (2020) demonstrated that Olympic
values stimulate more active participation of students in
classes and increase the effectiveness of motor skill acqui-
sition. The study noted that student participation in class-
es was higher in the experimental group compared to the
control group, which indicates more active involvement of
the first group in the learning process and regular attend-
ance at training sessions. This correlates with the findings
of W. Ning et al. (2022), in which preparation for sporting
events creates a lasting educational and cultural effect of
increased public interest in sport. There is also consistency
with the findings of M.J. Schmid et al. (2022), determin-
ing that early acquisition of sports social-value norms can
shape sustainable life strategies. The results obtained cor-
responded to the observations of A.B. Tamayo et al. (2024)
analysed the significance of Olympic values among school-
children in Chile and Argentina. Awareness and acceptance
of Olympic principles stimulate social activity and positive
interaction in sporting events, confirming the possibility
of transmitting these values to young audiences in general
secondary education institutions. The increase in the effec-
tiveness of mass sports activities is reflected not only in the
increased activity of students, but also in the more rational
use of sports facilities and equipment. This effect is consist-
ent with the findings of N. Atghia (2022), comparing the
use of sports facilities at universities in Iran and Canada

and noted that the introduction of structured training pro-
grammes and systematic planning of sporting events con-
tributes to the optimisation of resources and more effective
engagement of participants. The integration of Olympic
principles has made it possible to plan sports activities ad-
dressing the available equipment and infrastructure, ensur-
ing an even distribution of use of sports halls and fields.

This correlated with the findings of H.M. Mason et
al. (2024), who analysed the importance of instruction in
conducting mass sporting events and noted that the adap-
tation of programmes depends on the positive outcome of
this stage. Adjusting the schedule of classes and sporting
events to incorporate the rules of instruction ensures stable
student activity and reduces the risk of fatigue and injury.
In terms of improving physical fitness and preventing inju-
ries, the results confirm the effectiveness of a comprehen-
sive approach to planning sports classes. According to the
results of the 12-minute Cooper run, students in the exper-
imental group covered an average of 2,070 + 200 m, while
the control group covered 1,850+ 210 m. This indicates sig-
nificantly higher cardiorespiratory endurance in students
who participated in the Olympic Education programme,
which is consistent with the findings of L. Ye & P. Di (2021)
studied the regulation and control of injuries and fatigue
in Winter Olympic athletes. The study established that a
gradual increase in load, the use of various forms of physi-
cal activity and the alternation of sports increase students’
motivation and contribute to the development of physical
qualities. This approach coincides with the conclusions
of Y. Zhou et al. (2021) and C. Xia & X. Lei (2023), who
studied the optimisation of post-competition methods for
high-level athletes and noted that variability and adaptation
of loads increase the effectiveness of training and prevent
overtraining. Students participating in structured cycles of
sports activities demonstrate more consistent progress in
physical fitness, confirming the advisability of gradually in-
creasing activity levels.

Attendance in the experimental group increased to
92%, and participation in mass sporting events to 85%,
indicating an increase in student motivation and engage-
ment because of the programme. This is consistent with the
findings of K. Tang (2023), determining that the organisa-
tion of mass sporting events under the Olympic Education
programme ensures systematic and consistent work by
teachers and students. The integration of sports equipment
can improve the efficiency of tracking student participa-
tion in mass sporting events, planning team rotations, and
optimising sports equipment use. The use of the algorithm
ensures efficient allocation of time and resources, optimis-
es sports equipment, monitors results and fosters a sense
of achievement, success and high moral consciousness in
schoolchildren. This result coincided with the conclusions
of X. Xu et al. (2024) and A. Fengyingna et al. (2024), deter-
mining that regular repetition of activities with a gradual
increase in the complexity and intensity of loads can miti-
gate overload and injury and ensuring progress in physical
training. The results of post-intervention testing showed
that improvements in physical fitness in the experimen-
tal group were statistically significant (p < 0.05) compared
to the control group, in which the changes were insignif-
icant. Thus, structured sports programmes increase the
overall effectiveness of organising mass sporting events in
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educational institutions. This contributes to the formation
of a stable motivation for regular physical activity in stu-
dents, the development of a sports culture and a responsi-
ble attitude towards personal health.

Conclusions

An analysis of the types of school Olympic Games demon-
strated that each format has its own impact on students’
physical fitness. Short and medium distance running helps
improve speed, endurance and cardiovascular function.
Relays and team games develop coordination, team spirit
and responsibility for results. Jumping exercises and ball
throwing contribute to the development of strength, phys-
ical exercise technique and self-discipline. Complex exer-
cises integrate various motor skills and develop attentive-
ness and control of movements. The use of interactive and
extracurricular formats increases student motivation and
engagement, promotes the assimilation of Olympic values,
and supports regular physical activity, ensuring the com-
prehensive development of schoolchildren.

Testing conducted after the programme’s implementa-
tion showed that the experimental group significantly out-
performed the control group in all physical fitness indica-
tors: the average distance in the 12-minute Cooper run was
2,070+200 m versus 1,850+ 210 m, and push-ups in 1 min-
ute were 30+ 6 times versus 24 + 5. Flexibility in the sit-and-
reach test in the experimental group reached 24 =5 cm,
while in the control group it was 19+ 5 cm, and the shuttle
run (10x5 m) time was 16.2+ 1.8 s compared to 18.5+2.1 s.

These results indicate a higher level of cardiorespiratory en-
durance, strength, flexibility and coordination in students
who participated in the Olympic Education programme.

The algorithm for organising mass sporting events un-
der the Olympic Education programme ensures systematic
and consistent work by teachers and students, creating a
clear structure for participation in physical activity and the
development of team skills. It involves planning the event,
preparing participants, warming up with aerobic and flex-
ibility exercises, the main part with running, relays, jump-
ing, ball throwing and team games, as well as the final stage
with evaluation of results and reflection. Following the al-
gorithm increases motivation, promotes the development
of physical qualities, and provides teachers with methodo-
logical support for monitoring the safety and effectiveness
of events. The prospect for further research on the analysis
of the effectiveness of using interactive digital platforms
and mobile applications to increase motivation and system-
atic participation of students in mass sports events under
the Olympic Education programme.
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AHoTauifa. MeTtoo fgocmimkeHHs 6y10 mOCHianTM BIUIMB iHTerpauii mporpamu «OmmiMmilicbka OCBiTa» B IIKiIbHI
OMIMIIICHKI irpy Ta CIOPTMBHO-MACOBI 3aXOfy Ha piBeHb (i3MYHOI MiATOTOBKM Ta PO3BUTOK y4HIB. MeTomosmoris
TOCTifXKeHHsI BKIII0YaIa MOPIBHAIBHMI aHaIi3, KBasieKCIepuMeHTanbHe JOCIipKeH s Ha 6asi [lepesicaBcpKoro silero
im. B. MonoMaxa Ta Ilepedacnascbkoro akagemignoro minero im. I. Masemnn, sa ydacTio 168 y4HiB B mepiof 3 MOTOro
1o TpaBeHb 2024 poky Ta (OpPMyBaHHS JITOPUTMY OpraHisalii CIIOPTMBHO-MAacOBMX 3aXOJiB Ha OCHOBI e/IeMEHTIB
nporpamu «OmiMmiricbka ocBita». Byno gocmifkeHo, 10 KO)KeH BUJI BIIPaB II0-Pi3HOMY BIUIMBAE Ha PO3BUTOK (i3MyHMX
sAxocTelt yuHiB. Peanmisaris mporpamu «Omimmilicbka OCBiTa» CIpHsi€ CUCTEMATUYHOMY HMOETHAHHIO YPOKIB (isndHOI
KY/IBTYyp) Ta I03aK/IACHMX CIIOPTMBHO-MACOBMX 3aXOfiB, 3abe3ledyiouy KOMIUIEKCHUIT PO3BUTOK MIKOJAPIB depes
iHTerpaiiito HaBYaHHs, PyX0BOI aKTMBHOCTI Ta irpoBoi AismpHOCT. Ha moyaTKy ekcrepumeHTy isnyHa MiAroTOBKA y4HIB
eKCIIePMMEHTA/IbHOL Ta KOHTPOJIBHOIL IPYII Oy/Ia MOPiBHAHO OJHAKOBOIO, 3 He3HAYHUMM BiIMIHHOCTAMMY Y IOKasHMKaX
Kap/liopecipaTOpHOi BUTPMBANOCTi, CMIM, THYYKOCTi Ta KooppamHauii. Ilicna mpoBefeHHA 3aHATH 3a IPOrpaMoIo
«OmiMmificbKa 0CBiTa» eKcrepyMeHTaIbHa I'PyIla IPOJEMOHCTPYBaIa CyTTEBE IMOKPAIlleHHs BCiX IIOKa3HMKIB: cepeHs
AucTaHIis 3a 12-xsunuaHuM 6irom Kymepa cranosuma 2 070+ 200 M mpotu 1 850+ 210 M y KOHTPOJIbHIl TpyIIi, KITbKICTD
BifpKMMaHb 3a 1 XBUIMHY 3pocia o 30 + 6 pasiB mpoTu 24 + 5, THYUKicTh 3a TecToM «sit-and-reach» gocsrma 24+ 5 cm
npotu 19+ 5 cM, a gac mrata-pany (10x5 m) cknaB 16.2 + 1.8 c mopiBHAHO 3 18.5+ 2.1 c. I]i pesynbraTu cBif4aTh Ipo 3HaUHe
HiABUIIEHHS KapAiopecIipaTOpHOI BUTPUBAIOCTI, CU/IM, THYYKOCTI Ta IIBUAKOCTI-KOOpAMHALII Y4YHIB, AKi 6panu y4acTb
y reiiMidikoBaHuX (Qi3KyIbTYpHMX 3aHATTAX. Pe3ynbTaTyl HOCTIKEHHS MOXYTb BUKOPMCTOBYBAaTH BUMTeni ¢isyaHOl
Ky/ZIbTYPU Ta afiMiHiCTpalii IIKi/ I IIaHyBaHHA Ta BIPOBAKeHH: nporpaM «OmiMiiicbka 0CBiTa», CIIPAMOBAaHNUX Ha
migBuieHHs $i3NIHOI AKTUBHOCT] YUHIB

KntouoBi cnoBa: mimmiTky; pyxoBa aKTMBHICTB; CIIOPTMBHO-MacoBa po6ora; irpy; ¢isuyHa MiArOTOBKA, 3aKIagu
3arajJIbHOI CepefHbOI OCBITI
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Abstract. The aim of the study was to determine the impact of a school fitness programme on the functional indicators
of the cardiovascular system of pupils in general secondary education institutions. The study was conducted at Uman
Lyceum No. 3 (Ukraine) from 31 March to 25 May 2025 and involved the implementation of an eight-week fitness
programme with sequential measurements of pupils’ cardiovascular system indicators to assess its effectiveness. It was
found that the resting heart rate decreased from 84.6 + 6.8 to 76.1 + 6.2 beats per minute (-10%), indicating an increase
in parasympathetic regulation. Systolic pressure decreased from 114.2+8.5 to 110.4+7.9 mm Hg (-3.3%), and diastolic
pressure decreased from 72.8 6.9 to 70.2 + 6.4 mm Hg (-3.6%), indicating a decrease in peripheral resistance. At the
same time, stroke volume increased from 70.4 £12.2 to 78.5+ 11.8 ml (+11.5%), reflecting an improvement in the
pumping function of the heart. A significant decrease in integral indicators was observed: the Robinson index decreased
from 96.0 to 83.6 conventional units (-13%), the Ruffier index decreased from 10.8 to 8.6 conventional units (-20.4%),
the functional change index from 2.87 to 2.41 conventional units (-16%) and the endurance coefficient from 20.7 to
17.4 conventional units (-15.9%) - indicated an increase in adaptive reserves and the effectiveness of cardiovascular
system regulation. The data obtained confirmed that the eight-week fitness programme ensured the formation of stable
aerobic adaptation, improvement of frequency and haemodynamic parameters, and an increase in cardiorespiratory
reserves, which reduces the risk of early cardiovascular disorders. The results can be used by physical education teachers,
school medical workers, and physical therapy specialists to develop and implement effective fitness programmes aimed
at strengthening the cardiovascular health of children and adolescents in educational institutions

Keywords: cardiorespiratory adaptations; endurance; haemodynamic parameters; blood pressure; aerobic performance;
adolescents; secondary school

Introduction

The incidence of cardiovascular disorders in the paediat-
ric population shows a steady upward trend, which is as-
sociated with a decrease in daily physical activity and an
increase in the prevalence of risk factors such as excess
weight, high blood pressure and low exercise tolerance.
According to the World Health Organization (2024), 81%
of adolescents aged 11-17 do not meet the recommended
level of daily physical activity (60 minutes of moderate or
vigorous physical activity every day), which hinders the

formation of stable adaptive responses of the cardiovascu-
lar system. The school environment is a key space for sys-
tematising physical activity, so insuflicient attention to the
implementation of targeted physical training programmes
can contribute to a deterioration in functional indicators,
an increase in cardiometabolic risks and the progression of
early vascular changes.

Organised forms of physical activity in the school en-
vironment play an important role in the development of
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cardiorespiratory adaptations in children and adolescents.
A randomised study conducted by C. Meng et al. (2022)
found improvements in body composition and cardiores-
piratory endurance after the introduction of a school pro-
gramme of high-intensity interval training. In addition, a
reduction in cardiometabolic markers in obese adolescents
was demonstrated. An analysis of the impact of increased
physical activity in the school environment conducted by
T. Jagomast et al. (2023) showed a significant improvement
in endothelial function and an increase in the physical per-
formance of students. The scientists recorded positive dy-
namics in cognitive indicators, which is consistent with the
strengthening of cardiovascular regulation mechanisms.
According to D.V. Dychko et al. (2025), the effectiveness
of a health-improving exercise complex for adolescents was
confirmed by an improvement in haemodynamic parame-
ters. In addition, the authors showed an increase in exercise
tolerance. In children living in war conditions, after partici-
pating in a fitness programme, a decrease in heart rate (HR)
and an improvement in overall physical condition were re-
corded, as shown in a study by A. Hakman et al. (2025). The
authors noted the normalisation of a number of functional
indicators of the cardiovascular system (CVS), confirming
its positive adaptive response to training.

Intervention programmes within school physical edu-
cation are considered a tool for preventing early vascular
dysfunction in the paediatric population. A systematic re-
view conducted by S.E. Neil-Sztramko et al. (2021) demon-
strated an increase in physical activity levels and improved
cardiorespiratory performance among students. The re-
searchers recorded consistent positive effects in terms of
improving overall physical fitness. The effectiveness of a
randomised school exercise programme, demonstrated by
S. Ketelhut et al. (2020), confirms that a targeted increase
in physical activity at school contributes to lower blood
pressure and improved vascular elasticity, reflecting an in-
crease in exercise tolerance. Ukrainian scientific material
confirms the effectiveness of multicomponent physiothera-
py programmes, with V.E. Pyurko & S.M. Kazakova (2020)
showing improvements in systemic signs of cardiovascular
regulation in schoolchildren. The study proved the impact
of comprehensive training approaches on the functional re-
serves of the body. Programmes aimed at students with car-
diorespiratory disorders showed an increase in functional
and adaptive indicators. In addition, the effectiveness of
the comprehensive application of multidirectional physical
training methods was confirmed.

A comprehensive assessment of the functional state of
the cardiovascular system in schoolchildren allows to es-
tablish links between physical development, motor activi-
ty, and the risk of vascular disorders. A study of Ukrainian
schoolchildren conducted by S. Kots et al. (2022) revealed
abnormalities in heart rate and heart rate variability in chil-
dren aged 11-12 years. A correlation between functional
parameters and physical fitness was also found. Additional
data on the circulatory characteristics of school-age pupils,
provided by S. Kots & V. Kots (2023), demonstrated the
variability of cardiovascular regulation depending on so-
matic characteristics, which emphasises the role of physical
activity in stabilising haemodynamic reactions. In a scien-
tific paper prepared by V. Ivanochko et al. (2024), a positive
effect of differentiated physical training methods on the

functional indicators of the cardiovascular system of fe-
male students aged 17-22 was recorded, which indicates the
effectiveness of using multidirectional training approaches
to improve the body’s adaptive capabilities.

It should be noted that previous studies have not
sufficiently revealed the impact of structured fitness pro-
grammes in the school environment on complex indicators
of cardiovascular system functioning, focusing mainly on
individual physiological parameters or short-term inter-
ventions. The aim of the study was to evaluate the effective-
ness of a school fitness programme in improving the func-
tional parameters of the cardiovascular system of learners.
The objectives of the study were to develop a structured fit-
ness programme for the school environment; to determine
the baseline state of cardiorespiratory and haemodynamic
indicators; to analyse changes in these parameters under
the influence of the programme; and to establish relation-
ships between the level of physical fitness and the dynamics
of cardiovascular responses.

Materials and Methods

The study was organised as a quasi-experimental design
with repeated measurements, which made it possible to
trace the dynamics of pupils’ cardiovascular system func-
tional indicators under the influence of a structured fitness
programme. The study was conducted at Uman Lyceum
No. 3 (Uman, Cherkasy region), which provided the nec-
essary conditions for the implementation of the fitness pro-
gramme, screening measurements and repeated function-
al assessments. The educational institution has adequate
sports infrastructure, including a sports hall, equipped
playgrounds and the possibility of organising group class-
es within the framework of physical education lessons. The
research stage lasted from 31 March to 25 May 2025, which
was eight full weeks without breaks for holidays. The choice
of this time and organisational interval was dictated by the
need to ensure the continuity of the training process, min-
imise the impact of external educational and seasonal fluc-
tuations, and allow sufficient time for the manifestation of
primary cardiorespiratory and haemodynamic adaptations
in school-age youth.

The study involved pupils from a general secondary
school who were in grades 7-8. The total sample consisted
of 42 pupils, including 21 boys (50.0%) and 21 girls (50.0%).
The age range of the respondents was 12-14 years, with an
average age of 13.1+0.6 years. The choice of this age group
was justified by the fact that this period is characterised by
intensive formation of the cardiorespiratory system, which
increases sensitivity to training influences; accordingly, it is
at this age that changes in haemodynamic parameters and
exercise tolerance are most pronounced (Meng et al., 2022;
Jagomast et al., 2023). In addition, pupils in grades 7-8 are
characterised by stable attendance and a sufficient level of
physical fitness, which ensured the possibility of imple-
menting a comprehensive eight-week fitness programme.
The sample was formed using a special selection method, as
all pupils from two parallel classes who met the medical and
organisational criteria were involved. Information about
participation was provided by class teachers and physical
education teachers, who explained the structure, purpose
and conditions of the study at parent-teacher meetings and
class hours, after which parents provided written informed
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consent. The subjects were recruited directly at the edu-
cational institution, where students received explanations
about the measurement procedure and participation in
the fitness programme. The sample included pupils who
belonged to the appropriate age group, had no contrain-
dications to physical exercise, regularly attended physical
education classes and were able to perform the proposed
exercises. Children with acute or chronic diseases in the
acute stage, cardiovascular pathologies that limit physi-
cal activity, orthopaedic limitations, a significant number
of absences, or unwillingness to participate in the experi-
ment were not included. Throughout the research period,
the sample remained complete, and no participants were
excluded before the end of the eight-week programme and
final measurements.

No gender comparison was made, as the analysis
was performed for a combined sample of pupils regard-
less of gender. The level of physical fitness of the partici-
pants at the time of inclusion in the study was heteroge-
neous: 12 pupils (28.6%) regularly attended sports clubs,
the most common of which were football, volleyball and
athletics. The remaining 30 pupils (71.4%) were limited to

physical education classes and did not participate in addi-
tional training sessions. This difference in baseline physical
activity was taken into account when planning the physi-
cal load, as the fitness programme provided for a univer-
sal basic level of intensity with the possibility of individual
regulation of the pace and amplitude of movements. Fur-
ther analysis was based on average values, which ensured a
comprehensive reflection of the physiological characteris-
tics of the group, regardless of the different levels of fitness
of individual participants.

Description of the fitness program. The fitness pro-
gram was developed taking into account the age and func-
tional characteristics of students aged 12-14 and included a
combination of aerobic, strength, coordination, and func-
tional exercises aimed at developing cardiorespiratory ad-
aptations. Classes were held three times a week as part of
physical education lessons, with each lesson lasting 40-45
minutes. Each class included three structural components:
preparatory, main, and final parts. A detailed description
of the fitness program, including a list of exercises, their
duration, mode of execution, and necessary equipment, is
provided in Table 1.

Table 1. Structure of the fitness programme

Exercise content

‘ Duration ‘ Intensity / repetitions Equipment

Warm-up section

Jogging; walking with changes in pace; arm and leg swings; coordination
exercises; mobilisation of the shoulder and hip joints

Moderate intensity, with a gradual

7-8 min . .
increase in heart rate

No equipment

Main section (circuit training)

A complex of 8-10 stations; a combination of strength, aerabic, and coordination

30-40 seconds of work / 20-25 Mats, elastic bands,

exercises 28-32min seconds of rest, 3 circuits markers, gym benches
Squats (standard or with reduced range of motion for easier performance) 30-40s Steady pace No equipment
Forward / backward lunges 30-40s Alternating legs No equipment
. 8-15 repetitions depending on the
Press-ups (full or with support on a bench) 30-40's . Floor / bench
level of physical fitness
“Plank” (classic or knee-supported modification) 30-40's Static hold Exercise mat
“Burpee” (full or simplified version) 30-40s Continuous execution No equipment
Jumping jacks 30-40s Moderate pace No equipment
Running on the spot with high knee lift 30-40s | Maintenance of technique and pace No equipment

Coordination exercises (stepping over markers, work on a coordination “ladder”)

Markers / coordination
“ladder”

High pace with an emphasis on
accuracy

30-405s

Concluding part

Breathing exercises; static stretching of the main muscle groups (quadriceps,
hamstrings, calf muscles, pectoral muscles)

4-5min Low intensity Mats

Individual modifications

Easier squats; press-ups with support; plank on the knees; reduced pace of
aerobic exercises

- As required by the pupils Benches, mats

Source: made by the authors

The training load design strategy involved a gradual
increase in intensity: during the first two weeks, empha-
sis was placed on technique and a moderate pace; in weeks
3-5, execution speed increased and rest intervals were
shortened; and in weeks 6-8, alternating high and mod-
erate intensities was applied to stimulate both aerobic and
anaerobic components of endurance. Individualisation of
the load was implemented in cases where pupils demon-
strated lower tolerance to physical activity. Adjustments
were made according to the pupils’ capabilities and under
continuous supervision by the teacher.

The programme was delivered by a physical education
teacher at Uman Lyceum No. 3, who monitored correct
technique, exercise safety, adherence to prescribed intensi-
ty and rest intervals, as well as the pupils’ functional status.
All pupils had free access to room-temperature drinking
water in individual bottles and were allowed to drink ac-
cording to personal need during the session, which sup-
ported hydration and helped prevent fatigue. Classes were
conducted in the lyceum sports hall, ensuring appropriate
sanitary, hygienic, and safety conditions for implementa-
tion of the fitness programme.
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The functional state of the pupils’ cardiovascular sys-
tem was assessed in a comprehensive format, recording pa-
rameters at rest, during training sessions, and under condi-
tions of cognitive load. All measurements were taken in the
sports hall of Uman Lyceum No. 3 and in the school’s med-
ical office by the physical education teacher and the school
nurse. Before each procedure, pupils underwent a ten-min-
ute adaptation to a resting state. Comprehensive testing
was performed three times: before the start of the program
(week 0), during the intermediate period (week 4), and af-
ter the completion of the program (week 8). All recorded
values of functional indicators within each measurement
point were averaged after two consecutive measurements
to minimise random error. At the same time, the heart
rate indicators during training loads were recorded at each
session, after which the average daily values for weekly dy-
namics were calculated and included in the analysis at the
corresponding control points. Blood pressure (BP) was de-
termined using the Korotkoff method with a mechanical
tonometer AND UA-200 (Japan). Measurements were tak-
en in a sitting position twice at two-minute intervals. Pulse
pressure was calculated based on systolic blood pressure
and diastolic blood pressure:

PP=BP, -BP, | (1)
where PP - pulse pressure; BP, — systolic blood pressure;
BP . - diastolic blood pressure. Heart rate was recorded
using a Beurer PM 25 heart rate monitor (Germany) or by
palpation of the radial artery. Based on heart rate and blood
pressure values, the Robinson index was determined, which
characterises the level of strain on the cardiovascular system:

__ HR X BPmax
- 100

RI , (2)
where RI — Robinson index; HR - heart rate; BP - sys-
tolic blood pressure. Functional reserves were assessed us-
ing the Ruffier test, which involved three measurements of
heart rate: at rest, immediately after performing squats, and
after one minute of recovery. The Ruffier index was calcu-
lated using the formula:

RI = £X(P1#P2+P3)-200 3)

10

where RI - Ruffier index; P1 - heart rate at rest; P2 — heart
rate immediately after exercise; P3 — heart rate after one
minute of recovery; 200 — normative correction (integral
threshold of the sum of heart rate values). In addition, the
functional changes index (FCI) was determined, which
integrates heart rate, blood pressure, and anthropometric
characteristics, as well as the adaptive potential of the car-
diovascular system, which characterises the effectiveness
of regulatory mechanisms. The endurance coeflicient was
calculated using Kvas’s formula:
HR x 100

EC = (4)

BPmax ~ BPmin’
where EC - endurance coefficient; HR - heart rate during
recovery (after 1 or 2 minutes following exercise); BP,
and BP - blood pressure values. Stroke volume (SV) was
determined using an empirical formula recommended for
the adolescent age group:

SV=PPx1.7, (5)

where SV - systolic (stroke) blood volume, ml; PP - pulse
pressure, mmHg; 1.7 — empirical age-related coefficient.
Based on the calculated SV value, cardiac output (CO) was
determined using the formula:

CO=SVxHR, (6)

where CO - cardiac output, ml/min; SV - stroke volume,
ml; HR - heart rate per minute. The SV and CO indicators
reflected the efficiency of the heart’s pumping function and
the dynamics of haemodynamic adaptations in response
to physical exercise. Cardiac activity indicators during
training sessions were recorded using Xiaomi Mi Band 7
(China) fitness bracelets equipped with an optical pho-
toplethysmography sensor. HR was recorded at the fifth,
fifteenth and final minutes of the main part of the train-
ing session, as well as one minute after the completion of
the exercises using the circuit training method to assess
the speed of recovery. The indicators were recorded by the
physical education teacher, who read the information from
the bracelet screens and entered it into the control observa-
tion protocols. The combination of all these indicators pro-
vided a comprehensive assessment of the functional state of
the pupils’ cardiovascular system, covering haemodynamic
parameters, adaptive reserves and the immediate physio-
logical response to exercise.

For the correct interpretation of the data obtained,
generally accepted age standards for adolescents aged 12-
14 were used. The normal range of heart rate at rest is 60-
100 beats per minute, depending on the level of physical
activity, while the optimal blood pressure values are 105-
125 mmHg for BP, _and 65-80 mm Hg for BP .. Pulse
pressure is usually within the range of 30-50 mmHg. The
Robinson index in this age group corresponds to the func-
tional optimum at values of 70-90 conventional units, and
the Ruffier index assesses functional reserves as good at
values < 6 conventional units, average at 6-10, and satis-
factory at 10-15. For the functional change index, values
of 2.0-2.5 are considered optimal, and 2.6-3.0 are consid-
ered borderline. The endurance coefficient is favourable
at values <17 conventional units, average at 17-20, and
reduced at >20. The norm for systolic blood volume is
65-90 ml, and for cardiac output — 4.5-6.5 l/min, which
corresponds to the typical limits of age-related cardiores-
piratory performance.

Statistical data processing. Statistical data processing
was performed using IBM SPSS Statistics 29.0 software.
Descriptive statistics were presented as mean and standard
deviation (M + SD). The dynamics of indicators at three
control points (at 0, 4, and 8 weeks) were assessed using
repeated measures analysis of variance (Repeated Measures
ANOVA) or the Friedman test for abnormal distribution.
Paired comparisons between stages were performed using
Student’s ¢ test for dependent samples or Wilcoxon’s test. In
addition to the absolute values of the indicators, the results
also included the relative change (A), which was defined
as the difference between the values at weeks 8 and 0, ex-
pressed as a percentage of the baseline level. This indicator
allowed for a quantitative assessment of the intensity of the
training effect and ensured the comparability of changes
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between different physiological parameters. Correlation
analysis was performed using Pearson’s or Spearman’s co-
efficients, depending on the nature of the distribution. The
level of statistical significance was set at p < 0.05.

The study complied with ethical standards for work-
ing with minors and was conducted in accordance with
the European Commission’s Guidelines on Ethics and Data
Protection (European Commission, 2021) and the ICC/
ESOMAR International Code of Market, Public and Social
Research (2025). The study was approved by the adminis-
tration of Uman Lyceum No. 3. The participation of pu-
pils was voluntary and confirmed by the written informed
consent of their parents, who received the necessary infor-
mation about the content of the programme, the workload
and the procedure for processing personal data. During
the study, safety measures, pedagogical and medical super-
vision were provided, and all personal and physiological

data were stored in an anonymised form on secure media
in accordance with European requirements for ethics and
confidentiality. Pupils had the right to withdraw from par-
ticipation at any time without any consequences for the ed-
ucational process.

Results
Baseline indicators of the functional state
of the cardiovascular system of pupils
The baseline cardiovascular indicators of the pupils demon-
strated a combination of normative haemodynamic values
and markers of insufficient training, which is typical of ad-
olescents with irregular physical activity. The integral and
calculated indices obtained using formulas (1-6) reflected
moderate myocardial strain, low efficiency of heart rate
regulation, and a borderline level of functional reserves.
The summarised results are presented in Table 2.

Table 2. Baseline indicators of the functional state of the cardiovascular system of pupils (n=42)

Indicator M+=SD Interpretation relative to normative values
HR, beats/min 846:6.8 within the normal range
BP__,mmHg 114.2+85 within the normal range
BP ., mmHg 72.8+6.9 within the normal range
PP, mmHg 41.4+72 within the normal range
Robinson index, conventional units 96.0+11.3 increased myocardial strain
Ruffier index, conventional units 10.8+19 borderline level of reserves
Functional changes index, conventional units 2.87+0.41 borderline level of adaptation
EC, conventional units 20.7+39 lower endurance (values above the normative range)
SV, ml 70.4+12.2 lower limit of the normal range
Cardiac output, ml/min 5,948+1,010 within the normal range, high variability

Source: compiled by the authors

The obtained results indicate that the baseline physio-
logical state of the pupils’ cardiovascular system correspond-
ed to age-related norms in terms of the main hemodynamic
indicators; however, it was characterised by a number of
markers of insufficient training. This is typical for children
aged 12-14 years who do not participate in regular sports
activities and receive only standard physical load within
the school curriculum. The first indicator of cardiovascu-
lar system fitness is resting heart rate. The mean heart rate
value was 84.6 + 6.8 beats per minute, which corresponds
to the age norm. Such values are most often observed in
schoolchildren with a reduced level of aerobic fitness, when
the cardiac muscle works less economically and the activity
of the sympathetic division of the autonomic nervous sys-
tem predominates over the parasympathetic one. In sports
physiology, such characteristics are considered a potential
prerequisite for a pronounced training effect, since regular
exercise leads to a reduction in resting heart rate and an
increase in heart rate variability (Meng et al., 2022). Blood
pressure indicators demonstrated the absence of hyper-
tensive or hypotensive deviations in the group: the mean
systolic blood pressure value was 114.2 + 8.5 mmHg, and
diastolic blood pressure was 72.8 + 6.9 mmHg. These data
are consistent with age-related norms; however, significant
variability in diastolic pressure may indicate different de-
grees of structural maturity of the vascular bed, which is
characteristic of adolescents during a period of intensive
somatic growth. Pulse pressure (41.4 + 7.2 mmHg) was
within the physiological norm and indicated preserved

elasticity of the arterial wall. However, variability was also
substantial in this parameter, which points to heterogeneity
of vascular reactivity within the studied cohort.

A deeper characterisation of cardiac hemodynamics is
provided by the Robinson index, which reflects the level
of myocardial tension at rest. Its values (96.0 + 11.3 con-
ventional units) exceeded the optimal range, indicating in-
creased functional load on the heart even in the absence
of physical exertion. Such values are typical for children
with low aerobic endurance or increased psycho-emotional
stress, which may also cause activation of the sympathetic
nervous system. The Ruffier index (10.8 + 1.9 conventional
units), which assesses the ability of the cardiovascular sys-
tem to adapt to physical load and recover after it, corre-
sponded to a borderline level. This means that adaptive re-
serves in most pupils were average or below average. These
trends are further confirmed by the Functional Changes
Index (2.87 £ 0.41 conventional units), the values of which
are characteristic of insufliciently trained children and in-
dicate a reduced level of regulatory capabilities of the car-
diovascular system.

The endurance coefficient (20.7 + 3.9 convention-
al units) was also higher than optimal. Since, according
to the Kvas method, higher endurance coeflicient values
indicate lower endurance, these results point to insuffi-
cient physical capacity of the pupils. In physical educa-
tion and sports practice, this is considered an important
argument for the appropriateness of using programmes
aimed at developing general endurance. Indicators of the
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heart’s pumping function - systolic and cardiac output —
complement the overall characterisation of physiological
status. SV (70.4 £ 12.2 ml) was at the lower limit of the
age norm, indicating relatively low contractile strength of
the left ventricle. Cardiac output (5,948 + 1,010 ml/min),
although within the normal range, demonstrated substan-
tial variability, which indicates differences in aerobic po-
tential among pupils.

Since the analysis was performed on the basis of arith-
metic mean values of functional indicators obtained from
the entire sample of pupils, the identified profile of the
baseline state of the cardiovascular system reflected a gen-
eral tendency toward insufficient training, typical of ado-
lescents with a predominantly sedentary lifestyle. Despite
individual differences in the level of daily physical activity,
the integrated mean values indicated a combination of nor-
mative blood pressure and cardiac output parameters with
borderline and strained adaptation indicators, specifically
elevated heart rate, a high Robinson index, a borderline
Ruffier index, lower stroke volume, and an increased en-
durance coefficient. Such an averaged physiological profile

confirmed an insufficient level of cardiorespiratory fitness
and limited reserve capacities of the cardiovascular sys-
tem, which created prerequisites for the formation of pro-
nounced positive adaptive changes under the influence of a
structured fitness programme.

Changes in indicators at the fourth week

of fitness programme implementation

The interim assessment of the functional state of the pu-
pils’ cardiovascular system at the fourth week of the fitness
programme made it possible to identify early training ad-
aptations that develop in response to systematic physical
loads. The first four weeks represent a period of initial
physiological restructuring, during which neurohumoral
mechanisms are normalised, myocardial strain is reduced,
and vascular tone improves (Baumgartner et al., 2020). As
the analysis was based on averaged group values, the re-
sults presented in Table 3 reflect the integral response of
the pupils’ cardiovascular system to the physical training
programme. The calculated parameters were determined
using formulas (1-6).

Table 3. Cardiovascular system indicators at the fourth week of the experiment (n=42)

Indicator Week 4 (M+SD) Change from baseline

HR, beats/min 80.2+6.1 1 5.2%

BPmax, mmHg 112581 4 1.7mmHg

BPmin, mmHg 715+6.4 4 1.3mmHg

PP, mmHg 41070 4 0.4 mmHg
Robinson index, conventional units 89.9+10.2 L 6.4%
Ruffier index, conventional units 9517 1 12.0%
Functional changes index, conventional units 2.65+0.38 L 77%
EC, conventional units 19134 L 77%
SV, ml 74.2+115 1T 5.4%
Cardiac output, ml/min 5,940+998 1 01%

Source: compiled by the authors

Interim results indicate the formation of early posi-
tive adaptations of the cardiovascular system in response
to regular fitness training. The most noticeable change
was in resting heart rate, which decreased from 84.6 to
80.2 beats per minute (p <0.05). A 5.2% decrease in HR
indicates increased vagal control and decreased basal
sympathetic influence, which is a marker of improved
cardiac efficiency. In pedagogical physiology, this change
is one of the most sensitive indicators of early training
adaptation, since HR is the first to respond to systematic
aerobic exercise. Blood pressure indicators changed less
significantly, which corresponds to the typical physiologi-
cal response of adolescents during training. Systolic pres-
sure decreased to 112.5+8.1 mm Hg (p <0.05), indicating
a decrease in peripheral vascular resistance and improved
elasticity of the arterial bed. Diastolic pressure showed a
slight, statistically insignificant decrease (p >0.05), which
is typical for the initial phase of adaptation, when central
haemodynamic mechanisms change faster than periph-
eral ones. Pulse pressure remained stable (41.0 mm Hg),
indicating no significant changes in vascular stiffness and
stroke volume at this stage of the programme. This was
expected, as structural changes in the arterial wall and
significant changes in stroke volume are mainly formed
after 6-10 weeks of training.

A decrease in the Robinson index to 89.9 + 10.2 con-
ventional units (p <0.05) reflected a reduction in myocar-
dial tension and a decrease in the heart’s oxygen demand
at rest. This reaction is critically important for pupils with
borderline or elevated baseline Robinson index values, as
it reflects the transition of the cardiovascular system to a
more economical mode of functioning. The decrease in the
Rufhier index was particularly pronounced, from 10.8 to 9.5
conventional units (p <0.01). The Ruffier index is one of the
indicators of adaptation to physical activity, as it integrates
three HR values: before exercise, immediately after exer-
cise, and after one minute of recovery. An improvement in
Rufhier index indicates faster heart rate recovery, increased
myocardial contractility, and reduced metabolic stress. In
fact, it is one of the most important markers of endurance
progress in school age. A decrease in the functional change
index to 2.65 £ 0.38 cond. units (p < 0.05) reflects the im-
provement of the regulatory mechanisms of the cardiovas-
cular system and improved adaptation to physical activity.
The FCI responds to training more slowly than the HR or
Robinson index, so its early changes indicate a high poten-
tial for further positive adaptations.

The endurance coeflicient decreased from 20.7 to
19.1 conventional units (p < 0.05), indicating an improve-
ment in the body’s aerobic capacity. According to Kvas’s

‘ 46 Theory and Practice of Physical Culture and Sports, 2025, Vol. 4, No. 2



Hrebyniuk & Taranets

methodology, lower EC values are a sign of more efficient
heart function during physical activity. This emphasises
that even during the first four weeks of the programme, sig-
nificant improvements in recovery speed and overall resist-
ance to exercise were observed. The indicators of the heart’s
pumping function showed positive trends: systolic blood
volumeincreasedby5.4% (p<0.05), whichmeansanincrease
in the force of heart contractions. Minute blood volume
remained virtually unchanged (p > 0.05), due to the com-
pensatory relationship between SV and HR: the decrease in
heart rate was compensated by an increase in stroke volume.
This mechanism is characteristic of the economisation of
heart activity during the early phases of aerobic adaptation.

Summarising the results, it can be noted that the fourth
week was a stage of formation of early stable adaptations of
the cardiovascular system. The decrease in HR and Robin-
son’s index reflected a decrease in myocardial tension and
an increase in the efficiency of cardiac activity, while the
improvement in the Ruffier index and endurance coeffi-
cient indicated a strengthening of functional reserves and
faster recovery after exercise. The increase in stroke volume
demonstrated an improvement in the efficiency of the heart’s
pumping function, and stable blood pressure and pulse pres-
sure readings confirmed a balanced vascular response. Tak-
en together, these changes indicate that by the fourth week,
the pupils’ bodies had transitioned to a more economical

and coordinated cardiovascular system, laying the founda-
tion for further progress in the final stage of the programme.

Final dynamics of indicators after the eighth week

The final stage of the eight-week fitness programme demon-
strated the most pronounced adaptive changes in the func-
tioning of the pupils’ cardiovascular system, indicating a
transition from the stage of initial responses to a phase of
structured and stable physiological adaptation. Analysis of
the final indicators made it possible to assess the magnitude
of the training effect, the sequence of changes, and their
functional significance. All presented results reflect aver-
aged sample values (calculated using formulas (1-6)) and
include a statistical comparison between the baseline stage
(week 0) and the completion of the programme (week 8)
(Table 4). For an in-depth interpretation of the overall tra-
jectory of cardiovascular system adaptations, key integral
indicators of fitness — resting heart rate, Robinson index,
and Ruflier index — were graphically represented at three
control points (0, 4, and 8 weeks). The combined presenta-
tion of these three indicators allows for a comprehensive
assessment of changes in autonomic regulation, myocardi-
al economy, and recovery capacity. The graphical dynamics
allow for a visual comparison of the speed and direction of
changes, which were mathematically confirmed by statisti-
cal analysis (p <0.001) (Fig. 1).

Table 4. Final dynamics of cardiovascular system indicators after eight weeks of the programme (n=42)

Indicator Week 0M+SD Week 8 M+ SD A change (%) p
HR, beats/min 846+6.8 76.1£6.2 -10.0% <0.001
BPmax, mmHg 114.2+85 1104+79 -3.3% = 0041
BPmin, mmHg 72.8+6.9 70.2+6.4 -3.6% =0.038
PP, mmHg 414+72 40.2+6.8 -2.9% =0.112
Robinson index, conventional units 96.0+11.3 83.6+10.4 -13.0% <0001
Ruffier index, conventional units 10819 86x15 -20.4% <0001
Functional changes index, conventional units 2.87+0.41 2.41+0.38 -16.0% <0.001
EC, conventional units 20.7+39 174+33 -15.9% <0.001
SV, ml 70.4+12.2 78.5+11.8 +11.5% <0.001
Cardiac output, ml/min 5,948 +1,010 5,975+ 980 +0.5% = 0612
Source: compiled by the authors
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Figure 1. Dynamics of heart rate, the Robinson index, and the Ruffier index

Source: created by the authors based on the received data

Figure 1 shows a consistent and pronounced decrease
in all three indicators over the eight-week period. The
heart rate curve demonstrates a steady reduction from 84.6
to 76.1 beats per minute, reflecting the development of a
more economical mode of cardiac function and enhanced

parasympathetic regulation. The parallel decrease in the
Robinson index (-13%) confirms a reduction in myocar-
dial strain and an increase in stroke volume. The most rap-
id dynamics are observed for the Ruffier index (-20.4%),
indicating improved recovery capacity and adaptation to
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physical load. Taken together, these changes indicate that
the cardiovascular system shifted to a more efficient mode
of functioning, characteristic of the development of sta-
ble aerobic adaptation. As haemodynamic parameters are
among the most sensitive markers of adaptation to phys-
ical exercise, a graphical comparison of systolic blood

pressure, diastolic blood pressure, and pulse pressure was
performed across three time points. This comprehensive
presentation makes it possible to assess not only changes
in pressure values but also their interaction, including the
degree of peripheral resistance, vascular wall stability, and
arterial elasticity (Fig. 2).

w 120
g 138 BPmax, mmHg
:391 60 = —i —3 == BPmin, mmHg
§ 40 Pulse pressure, mmHg
2 20
WEEK 0 WEEK 4 WEEK 8

Figure 2. Dynamics of BP__,BP _ ,and pulse pressure

Source: created by the authors

The graphical data demonstrate a gradual decrease in
BPmax and BPmin, indicating an improvement in vascu-
lar tone and optimisation of haemodynamics. A moderate
reduction in systolic blood pressure (-3.3%) and diastolic
blood pressure (-3.6%) reflects a decrease in total periph-
eral resistance, which is characteristic of pupils who begin
to engage in regular physical exercise. Pulse pressure, by
contrast, remains stable, confirming the absence of exces-
sive load on the arterial wall and normal vascular elasticity.
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Such stability is an important indicator of safe adaptation
to training loads in adolescents. To assess the efficiency of
cardiac output and the heart’s ability to maintain an ade-
quate level of systemic perfusion, a graphical comparison
of stroke volume, cardiac output, and the endurance coef-
ficient was performed. The combination of these indicators
within Figure 3 makes it possible to identify the relation-
ship between stroke volume, heart rate, and the overall effi-
ciency of the myocardium’s pumping function.
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Figure 3. Dynamics of stroke volume, endurance coefficient (A), and cardiac output (B)

Source: created by the authors

In Figure 3, it is clearly evident that stroke volume
increased progressively (+11.5%), reflecting an enhance-
ment of myocardial contractile capacity and improved
peripheral circulation. Cardiac output remained relative-
ly stable, as the increase in stroke volume compensated
for the decrease in heart rate, which represents a typical
mechanism of an adapted cardiovascular system. At the
same time, the reduction in the endurance coefficient
(-15.9%) indicates an increase in aerobic efficiency and a
more economical functioning of the heart, resulting from
systematic training exposure.

The dynamics of physiological indicators over the
eight-week period convincingly confirmed the presence
of a pronounced training effect. A consistent decrease in
frequency-based and integrated indicators (HR, Robin-
son index, Ruffier index, FCI, and EC), alongside a simul-
taneous increase in stroke volume, indicated a gradual

strengthening of parasympathetic regulation, economisa-
tion of myocardial activity, and improvement in recovery
processes. Reduced cardiovascular strain, enhanced re-
covery capacity, and improved aerobic performance re-
flect the classical physiological mechanism of adaptation
to regular training loads during adolescence. Importantly,
even integral regulatory indices, which typically change
more slowly, demonstrated statistically significant im-
provements, confirming the stability and sufficient inten-
sity of the training stimulus provided by the school-based
fitness programme. The combination of these adaptive
changes indicates not only an increase in current func-
tional capacity but also the development of a preventive
potential with respect to reducing the risk of future cardi-
ovascular diseases, including primary arterial hyperten-
sion, early forms of endothelial dysfunction, and distur-
bances of autonomic regulation of heart rhythm.
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In summary, the final data indicate that the eight-week
fitness programme ensured a harmonised and safe adap-
tation of the pupils’ cardiovascular system. An increase in
stroke volume under conditions of stable cardiac output,
together with a moderate reduction in arterial blood pres-
sure, reflects optimisation of both central and peripheral
circulatory mechanisms. At the same time, the stability of
pulse pressure confirms the absence of excessive vascular
load. The overall pattern of adaptations - from a reduction
in heart rate to improvements in regulatory indices - points
to a transition of the cardiovascular system to a more eco-
nomical, stable, and productive mode of functioning. Thus,
the programme demonstrated high effectiveness in en-
hancing physiological reserves, aerobic capacity, and over-
all cardiorespiratory resilience of schoolchildren.

Discussion

The results of the study demonstrated a clear positive
trend in the cardiovascular performance of pupils during
the eight-week fitness programme. The most pronounced
changes were observed in heart rate, Robinson and Ruffier
indices, endurance coeflicient and systolic blood volume,
while arterial and pulse pressure underwent moderate cor-
rections. The final values obtained indicate the formation
of a holistic favourable dynamics of haemodynamic and
regulatory parameters, which creates the basis for further
scientific analysis and interpretation of the mechanisms of
the identified changes.

The results obtained showed a significant decrease in
the frequency and regulatory indicators of the cardiovascu-
lar system: HR decreased from 84.6 £ 6.8 to 76.1 £6.2 beats/
min (-10.0%), the Robinson index decreased from
96.0 +11.3 to 83.6 + 10.4 conventional units (-13.0%), and
the Ruffier index decreased from 10.8 +1.9 to 8.6 £ 1.5
conventional units (-20.4%). Such consistent dynamics of
the three integral parameters indicated the formation of a
more economical heart function, enhanced vagus-mediat-
ed regulation, and accelerated recovery reactions during
physical activity. Observations by D.M. Cooper & S. Ra-
dom-Aizik (2020) also confirmed that systematic physical
activity activated the mechanisms of vagus-mediated con-
trol of cardiac activity, which led to a decrease in HR at
rest. The authors emphasised the role of immunometabolic
adaptations, which further confirms the similarities of the
mechanisms recorded in this study. The results of S. Ibra-
him et al. (2020) showed that participation in school fitness
programmes reduced myocardial workload, which coin-
cides with the downward trajectory of the Robinson index.
At the same time, the scientists noted that the magnitude
of the changes depended on the regularity of the classes,
which explains the correspondence with the observed rates
of Robinson index reduction.

The consistent reduction in HR and integral markers
of regulation was consistent with the mechanisms of para-
sympathetic activation. A similar pattern was also report-
ed in the work of W. Budts et al. (2020), where autonomic
regulation indicators changed in the direction of decreas-
ing frequency load, which coincides with the observed de-
crease in HR and Robinson index. A stable decrease in HR
over eight weeks correlates with the criteria for early aer-
obic adaptation formulated in the source by L.A. Kamin-
sky et al. (2022), where it was emphasised that even

moderate-intensity training causes similar cardiorespirato-
ry changes. At the same time, the less pronounced decrease
in frequency indicators described in the study by A.S. Per-
ry et al. (2023) does not fully coincide with the identified
trajectory, which may indicate different program structures
or varying levels of pupil involvement. The same study also
pointed out that the lack of clear regularity reduces the ef-
fectiveness of adaptation, which contrasts with the more
pronounced dynamics of HR and Ruffier index reduction.
After eight weeks, a decrease in systolic pressure from
1142 +8.5 to 110.4+ 7.9 mm Hg (-3.3 %) and diastolic
pressure from 72.8 £ 6.9 to 70.2 + 6.4 mm Hg (-3.6%), while
pulse pressure decreased moderately (-2.9%) and without
statistical significance. This dynamic reflects an improve-
ment in vascular tone and a decrease in peripheral resist-
ance, which is characteristic of early adaptive responses to
regular physical activity. A systematic review by M. Peral-
ta et al. (2020) demonstrated that increased physical ac-
tivity in school settings contributed to the normalisation
of blood pressure, which conceptually corresponds to the
decrease in systolic and diastolic components observed in
this sample. The authors emphasised that the effect was ev-
ident even at moderate exercise intensities, consistent with
the moderate but stable dynamics of diastolic pressure. A
meta-analysis by E. Norris et al. (2020) showed that active
school interventions contributed to a decrease in systolic
pressure in children, which coincides with the BP_ _trend.
In addition, an improvement in the overall haemodynam-
ic profile was noted, which correlates with the stability of
pulse pressure in conditions of increased physical activity.
A global comparative study by R. Uddin et al. (2020) found
that participation in physical education classes was associ-
ated with a decrease in peripheral resistance, correspond-
ing to a decrease in BP, . Scientists have pointed out that
regular physical activity enhances vascular wall reactivity,
which coincides with a decrease in diastolic pressure. The
authors N.C. Bagatini et al. (2023) proved that an increase
in cardiorespiratory fitness was accompanied by a decrease
in blood pressure in schoolchildren, and this pattern is con-
sistent with the recorded decrease in BPmax. At the same
time, the results of G. Pepera et al. (2022) demonstrated
slower dynamics in children with low baseline physical ac-
tivity, which contrasts with the more pronounced changes
obtained after an eight-week intervention, thus emphasis-
ing the effectiveness of a structured exercise programme.
Stroke volume increased from 70.4 + 12.2 to
78.5+11.8 ml (+11.5%), cardiac output remained at a sta-
ble level (+0.5%), and the endurance coefficient decreased
from 20.7 to 17.4 units (-15.9%). This pattern of changes
reflects an increase in myocardial contractility and a tran-
sition of the cardiovascular system to a more economical
mode of operation. A study by L. Markovi¢ et al. (2022)
found that an increase in stroke volume is a key morpho-
functional response of adolescents to regular training stim-
uli, and this pattern is fully consistent with the increase in
SV in the data presented. The researchers emphasised that
a decrease in frequency characteristics accompanies an in-
crease in stroke volume, which structurally coincides with
a decrease in EC. The work of J.ED.C. Silveira et al. (2020)
showed that even moderate physical activity improves cen-
tral haemodynamics, in particular due to an increase in
stroke volume, which fully correlates with the observed
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upward dynamics of SV. The researchers emphasised that
the stability of minute blood volume under conditions of
increased stroke volume reflects an economised mode of
heart function, which corresponds to the constancy of CO.
In a randomised school intervention described by R.S. Ma-
tos et al. (2020), improved perfusion and reduced haemo-
dynamic load were found, which correlates with a decrease
in EC as an indicator of increased aerobic efficiency. Simi-
larly, J. DomaradzKki et al. (2025) confirmed that eight-week
training protocols significantly improve the aerobic perfor-
mance of adolescents, which is comparable to a decrease
in the endurance coefficient. According to M.A. Hassan et
al. (2024), the optimal training effect on the pumping func-
tion of the heart is formed under conditions of moderate
intensity load, and this model corresponds to the stability
of CO in combination with an increase in stroke volume.

The final dynamics of the parameters showed a change
in most indicators in the range of 10-20%, including a de-
crease in in the Robinson index, the Ruffier index, the in-
dex of functional changes, and the endurance coefficient,
as well as an increase in stroke volume, which indicates the
formation of aerobic adaptation and restructuring of car-
diovascular regulation. The combination of these changes
demonstrates the harmonisation of central and peripher-
al mechanisms characteristic of an increase in the reserve
capacity of the myocardium and vascular bed. A study by
L. Baumgartner et al. (2020) found that regular physical ac-
tivity contributes to the improvement of vascular structure
and functional capacity of the arterial bed, which is con-
sistent with the stability of pulse pressure as a marker of
adequate vascular elasticity. The authors pointed out that
improved endothelial regulation reduces myocardial stress,
which is fully consistent with a decrease in the Robinson
index. A study by J.R. Lopez et al. (2020) showed that reg-
ular physical activity can improve vascular elasticity even
in children with cardiac conditions. A similar mechanism
is reflected in a gradual decrease in systolic and diastolic
pressure as a marker of normalisation of peripheral resist-
ance. The work of .M. Nagata et al. (2022) emphasises that
maintaining physical activity from a young age is associat-
ed with a reduced risk of early cardiovascular events, and
the resulting complex of adaptive haemodynamic changes
demonstrates precisely the direction of preventive action
described in this study. Analytical data from B.A. Frank-
lin et al. (2022) emphasised the decisive role of aerobic per-
formance in reducing myocardial load, which is reflected in
a decrease in the endurance coeflicient as an integral mark-
er of cardiac economy. In addition, a study by M.N. Ahma-
di et al. (2022) proved that even relatively small amounts of
intense physical activity contribute to improving the cardi-
ometabolic profile. This pattern is confirmed by a coordi-
nated increase in functional reserves and optimisation of
key indicators of the cardiovascular system.

The final interpretation of the data obtained showed
that the dynamics of cardiovascular system indicators cor-
respond to typical models of aerobic adaptation in adoles-
cents described in scientific studies. The decrease in fre-
quency and integral indices, the increase in stroke volume,
and the optimisation of haemodynamics are consistent
with evidence of improved autonomic regulation, vascular
function, and cardiac pump capacity under the influence
of regular physical activity. The combination of results

confirms the effectiveness of school fitness programmes as
an effective tool for the preventive strengthening of cardi-
ovascular health.

Conclusions

The baseline characteristics of the cardiovascular system
indicated a moderate level of fitness among the pupils, with
evident signs of strain in regulatory mechanisms. Heart
rate was within the age-related norm (84.6+ 6.8 beats/min),
the Robinson index was elevated (96.0 + 11.3 conventional
units), and the Ruffier index corresponded to a borderline
level (10.8 +1.9 conventional units), indicating insufficient
adaptation to physical load. Systolic and diastolic blood
pressure remained within normal limits (114.2 + 8.5 and
72.8 +6.9 mmHg, respectively), while stroke volume was at
the lower limit of the physiological range (70.4 +12.2 ml).
Taken together, these indicators suggested a clear potential
for the development of a pronounced training response un-
der the influence of a structured fitness programme. The
interim assessment at the fourth week indicated the initial
phase of aerobic adaptation and normalisation of regulato-
ry responses. HR decreased to 80.2+ 6.1 beats/min (-5.2%),
the Robinson index to 89.9 + 10.2 conventional units
(-6.4%), and the Ruflier index to 9.5 + 1.7 conventional
units (-12.0%). Changes in blood pressure were moderate
in nature (BP, -1.7mmHg; BP _ -1.3 mmHg), pointing to
early optimisation of peripheral resistance. SV increased to
74.2+11.5 ml (+5.4%), while cardiac output remained sta-
ble. This pattern of changes confirmed the transition from
initial compensatory responses to the formation of stable
aerobic restructuring of the cardiovascular system.

After completion of the eight-week programme, the
most pronounced adaptive changes were recorded, re-
flecting the full establishment of an economical and effi-
cient mode of cardiovascular functioning. HR decreased
to 76.1 = 6.2 beats/min (-10.0%), the Robinson index to
83.6 + 10.4 conventional units (-13.0%), and the Ruffier
index to 8.6 + 1.5 conventional units (-20.4%). The endur-
ance coeflicient decreased by 15.9%, while stroke volume
increased to 78.5+11.8 ml (+11.5%). Systolic and diastolic
blood pressure decreased moderately (-3.3% and -3.6%,
respectively), whereas cardiac output remained stable.
These changes indicated completion of the transition to
stable aerobic adaptation and optimisation of haemody-
namics. The observed dynamics of the indicators are con-
sistent with the structure of the study, which involved de-
velopment of a fitness programme, assessment of baseline
status, analysis of adaptive responses, and identification of
regulatory changes in the cardiovascular system. Thus, the
results comprehensively characterise the effectiveness of
the programme and confirm its capacity to enhance the
cardiorespiratory reserves of schoolchildren. The record-
ed improvements point to a potential preventive effect in
terms of early reduction of the risk of cardiovascular reg-
ulatory disorders in adolescence, indicating full achieve-
ment of the study aim.

A limitation of the study was the relatively small sam-
ple size and inclusion of only one age group, which restricts
the generalisation of the findings to a broader school pop-
ulation. Future research should expand the sample size,
include several age cohorts, and apply randomised com-
parative designs to allow more precise identification of the
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AHoTauif. MeToro pocmifkeHHs 6Y/I0 BUSHAYNTI BIUIMB IIKiIbHOI (iTHEC-IIporpamMy Ha QYHKI[IOHA/IbHI IIOKa3HUKN
CeplLeBO-CyANHHOI CHCTEeMN YUHIB 3aK/IafIiB 3arabHOI cepeHbOI 0cBiTH. [loCTiAKeHH: TpOBefieHo Ha 6asi YMaHCbKOTO
nireto Ne 3 (Ykpaina) y nepiogn i3 31 6epesHs o 25 TpaBHsa 2025 poKy Ta Iepef6adasno peasisaliio BOCbMUTIKHEBOI
¢diTHec-mporpaMy 3 MOCTIJOBHMMIY BYMIPIOBAaHHAMY IIOKa3HUKIB CeplieBO-CYAMHHOI CUCTeMM Y4HIB I/ OLIHKU
ii edexTuBHOCTI. Bymo BCTaHOB/IEHO, IO YacTOTa CEPIEBUX CKOPOUYEHDb y CIIOKOI 3MeHIMIacsa 3 84,6 + 6,8 mo
76,1 + 6,2 yn/xs (-10 %), mo BKasye Ha IIOCWICHHA IapacUMIIATMYHOI peryanii. CUCTONIYHMII TUCK 3HU3MBCA 3
114,2 £ 8,5 no 110,4 £ 7,9 mm prt. cT. (-3,3 %), a giacroniunmit — 3 72,8 £ 6,9 no 70,2 + 6,4 MM pr. cT. (-3,6 %), WO
CBIIYUTBD IIPO 3MEHIIEeHH HeprudepudHoro onopy. Bognowac yrapuuit 06’eM kposi 3pic i3 70,4+ 12,2 5o 78,5+ 11,8 mn
(+11,5 %), w0 BigoOparkae mokpaieHHs HacocHol QyHKuii cepis. JocmimKeHo, 1110 3HaYHe 3HIDKEHHs iIHTerpanibHUX
NOKa3HMKIB — iHgekcy Pobincona 3 96,0 mo 83,6 ym. ox. (-13 %), ingexcy Pyd’e 3 10,8 no 8,6 ym. on. (-20,4 %),
inmexcy ¢yHKIioHaNIbHUX 3MiH 3 2,87 10 2,41 yM. op. (-16 %) Ta xoedinienra Burpusanocti 3 20,7 5o 17,4 yM. ox.
(-15,9 %) — 3acBigumIO MigBUIEHHA aflalTalliiHUX pe3epBiB i eeKTUBHOCTI perynianil cepreBo-CyMHHOI CUCTEeMN.
OtrpuMani maHi migTBepAWIN, 10 BOCBMUTIDKHEBA (iTHec-mporpama 3abesmednia GpopMyBaHHA CTiiIKOI aepoOHOI
afanTalil, IOKpaleHHA YaCTOTHUX i reMOAMHAMIYHUX IIapaMeTpiB Ta MiIBUILIEHHs KaphiopeclipaTOpHUX pe3epBis,
[0 3MEHINyE PUSUK PAHHIX CeplieBO-CYAVHHUX IOPYIIeHb. Pe3ymbTaT MOXYTb OyTM BUKOPMCTAaHI BUUTENIAMU
¢bi3ngHOI KY/IbTYpH, WIKITBHUMY MeSUYHMMIY NpaliBHMKaMu Ta ¢axisusmu 3 ¢isuyHol Tepamii g1 po3pobieHHs
Ta BIPOBAJKeHHA eQeKTUBHMX (DiTHeC-IporpaM, CIpsIMOBAHNUX Ha 3MIIJHEHH:A CeplieBO-CYAMHHOTO 3HOPOB s AiTel i
MiJIITKIB Y 3aKIafax OCBiTH

KntouoBi cnoBa: kapmiopecmipaTopHi agamTanii; BUTPUBAIICTh; FeMOSMHAMIUHI HmapaMeTpy; apTepianbHUMl THUCK;
aepo6Ha MPOAYKTMUBHICTD; Mi/IITKY; OCHOBHA LIKOJIA
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Abstract. The study aimed to compare the physical fitness levels of students majoring in technical and humanities
subjects based on the author’s model of comprehensive training in higher education institutions. The methodology
included developing the author’s model, an experiment conducted from 3 February to 31 March 2025 at the Sports
Complex of Pavlo Tychyna Uman State Pedagogical University, in which 150 students participated, and the formulation
of recommendations. The results showed that the implemented programme led to statistically significant positive
changes in all key indicators. Aerobic endurance of humanities students increased from 1,200 to 1,400 m (+16.7%),
technical students from 1,600 to 2,200 m (+37.5%); strength endurance in “twists” increased from 18 to 25 repetitions
(+38.9%) and from 20 to 30 repetitions (+50%); number of push-ups increased from 12 to 18 (+50%) and from 15
to 22 (+46.7%). Explosive strength indicators improved from 185 to 205 cm in humanities students and from 190 to
220 cm in the technical group. Flexibility according to the test increased by 6 cm (18 >24 cm) and 9 cm (1928 cm),
respectively. According to the questionnaire, the percentage of students with a high level of psycho-emotional well-being
after the programme increased to 44% in the humanities group and to 50% in the technical group, which indicates the
positive impact of physical activity on subjective psychological state. The results obtained indicate that a comprehensive
training model can improve the physical fitness and psychological well-being of students even with limited intervention
duration. The results of the study can be used by physical education teachers, student club coaches, and university
administrators to optimise curricula, as well as by specialists in the field of sports pedagogy and health-improving
physical culture to develop programmes to increase physical activity among young people

Keywords: structural model; training complex; psychophysical state; aerobic exercise; functional exercises

Introduction

The research relevance of physical fitness among students
is determined by the direct impact on overall health, pro-
ductivity, and the ability to effectively learn academic ma-
terial. Students of technical and humanities majors face
different conditions in the organisation of the educational
process and opportunities for physical activity, which cre-
ates unequal conditions for the development of physical
qualities. A comparative analysis of the physical fitness of
different specialities identified characteristic differences
between student groups, determine the key factors that
influence the level of physical activity, and outline ways to

optimise training and educational programmes. Analysis
of these aspects contributes to the development of effec-
tive methods for forming a healthy lifestyle, increasing
physical performance and overall vitality of students of
different specialities.

The physical fitness of students in technical and hu-
manities majors was studied using various assessment
methods and incorporating social, academic, and organi-
sational factors. A range of researchers have studied this
topic by comparing the physical fitness of students from
different majors and identifying the factors that influenced
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their fitness levels. For example, H. Athaya et al. (2023)
conducted a comparative analysis of the physical fitness of
students with different social statuses and found that social
conditions affect overall endurance and strength indica-
tors. Social status affects students’ physical fitness through
access to sports resources and training opportunities,
which determines their endurance and strength indicators.
A.A. Bahattab et al. (2021) reviewed sports education and
training programmes and found that the level of physical
fitness of students depends on the specifics of the curricu-
lum and practical classes. Humanities students can develop
general endurance through active participation in emer-
gency simulation training, while technical students focus
on theoretical training, which limits their physical activity
and endurance development.

The introduction of innovative technologies in the vo-
cational education of Ukrainian students during the war
was described by H.V. Bilavych et al. (2025), incorporating
elements of physical training to support health. The tools
include online platforms for remote training, mobile ap-
plications for tracking physical activity, and virtual train-
ers that students use for regular exercise, load control, and
physical health maintenance during the war. G.F. Deak et
al. (2025) clustered physical education students in Romania
and Ukraine based on level of physical fitness and showed
that students in the humanities demonstrate a more even
distribution of physical indicators, while technical majors
had greater fluctuations between strength, speed, and flexi-
bility. This is due to differences in the curriculum and ways
of engaging students in practical physical activity, with
humanities majors integrating more physical exercise and
technical majors focusing on theoretical training. M. Man-
zoor et al. (2024) compared the physical activity of students
from different majors and found that physical education
students have higher endurance, strength, and coordina-
tion, while humanities students are more likely to engage
in low-intensity activities. The study confirmed the influ-
ence of the specifics of the curriculum and class schedule
on the development of physical fitness. The level of physical
fitness of students with and without training opportunities
was analysed by J. Martins et al. (2023) analysed the phys-
ical fitness levels of students with and without training op-
portunities and found that the level of physical activity of
students depends on the curriculum, the number of hours
of physical education classes, and the organisation of prac-
tical classes, and therefore there are significant differenc-
es between specialities in the development of endurance,
strength, and flexibility. This can be corrected by higher
education institutions by optimising curricula, increasing
the number of hours devoted to physical activity, and intro-
ducing integrated training blocks for all specialities.

Physical training has a positive impact on overall
health, psychological resilience, academic performance,
and students’ ability to effectively adapt to academic and
stressful loads, as well as developing self-discipline and
conscious control over the body. Physical fitness should be
maintained at a high level regardless of the field of study,
as it affects health, psychological resilience, and academic
performance. In addition, S. Saleh et al. (2022) evaluated
the effectiveness of distance learning in improving physi-
cal exercise competence. The study determined that online
training programmes have a positive effect on the overall

endurance level of students in various fields. Students’
physical training should be conducted based on the fol-
lowing algorithm: setting goals and objectives, perform-
ing exercises in blocks of aerobic, strength and flexibility
training with control of technique and intensity, assessing
students’ well-being, and finishing with stretching and
recovery exercises. This approach ensures the compre-
hensive development of physical qualities, increases en-
durance, strength and flexibility, improves psychophysical
condition and promotes safe exercise. J. Sun et al. (2024)
conducted a comparative study of the physical fitness of
students from different courses and specialities, deter-
mining that endurance, strength and speed indicators are
higher among students of humanities specialities at all
levels of study. The study confirmed that academic focus
and access to physical education classes are positive in
shaping physical fitness levels.

Despite numerous studies highlighting the level of
physical fitness of students in technical and humanities dis-
ciplines, certain gaps remained in terms of comprehensive
indicators of strength, endurance and flexibility. Some au-
thors addressed only individual aspects of physical fitness,
ignoring interdisciplinary relationships and the influence
of the curriculum. The study aimed to analyse changes in
the physical fitness and psychophysical condition of stu-
dents from different educational fields under the influence
of a standardised training programme. The objectives of
the study were to assess the level of physical fitness and psy-
chophysical condition of students and to formulate practi-
cal recommendations for optimising the physical activity of
students from different specialities.

Materials and Methods

In a study based on the modelling method, an author’s
model of a training complex for students was developed
based on the principles of comprehensive development of
basic physical qualities and the inclusion of three comple-
mentary blocks: aerobic, strength training and stretching.
The model included the definition of the functional tasks
of each block, the distribution of time and intensity of ex-
ercise performance, the provision of control over the tech-
nique of performance and well-being during classes, as well
as the compilation of a logical training scheme that ensures
a balance between the development of endurance, strength
and flexibility, versatility of application for students of dif-
ferent levels of training, and integration of the model into
the educational process for repeatability, control, and eval-
uation of effectiveness.

The study was conducted from 3 February to 31 March
2025 at Pavlo Tychyna Uman State Pedagogical University.
A total of 150 students aged 18-25 participated, including
72 male and 78 female full-time students belonging to two
different groups and fields of study: humanities, students
of the Faculty of Philology and Journalism, and the Faculty
of Engineering and Pedagogical Education. The inclusion
criteria were individuals who had no medical contraindi-
cations to physical activity and provided written informed
consent. Students with acute illnesses or injuries within
three months prior to the experiment were excluded. The
author’s model was introduced into the training of two
groups, namely 75 students each from technical and hu-
manities specialities.
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A model of basic exercise blocks was developed for
the training complex that students performed during the
eight weeks of the experiment. Figure 1 shows how each
session consisted of three basic blocks: aerobic exercise,
strength functional exercises, and flexibility exercises,

Aerabic unit

1 1 1
The goal is to
improve aerobic
endurance,
cardiovascular

Performed offline at
the stadium or in the
hall, under the
supervision of a
teacher, monitoring of
students’ heart rate
and well-being

Running at
moderate
intensity, brisk
walking

Aerobic
endurance

10-20 min

system, and
increase energy
levels

Strength training
unit

with an indication of the recommended time allocated to
each block. This model ensured a clear balance between
the development of different physical qualities and that
the training programme had an equal impact on students
in both groups.

Flexibility

unit

Goal - to
improve
flexibility,
reduce the risk
of injury, and
increase the
range of motion

Stretching, dynamic
exercises for joints
(forward bends while
10-15 sitting, side bends
min while standing,
reaching up with
arms, stretching),
quadriceps while
standing, and
hamstring stretches
while lying down

a2t planks, twists

Squats, push-ups,

T
The goalis to develop
major muscle groups,
increase strength
endurance, and
strengthen the torso and
shoulder girdle

Figure 1. A structural model of a training complex
for students aimed at developing aerobic endurance, strength endurance and flexibility
Source: compiled by the authors based on American College of Sports Medicine (n.d.), C.J. Caspersen et al. (1985), A.D. Faigenbaum &
G.D. Myer (2010), C.E. Garber et al. (2011), M. Buchheit & P. Laursen (2013), D.G. Behm et al. (2016), World Health Organization (2020)

The proposed structural model of a training session
was based on the principles of comprehensive develop-
ment of the basic physical qualities of student youth and
included three complementary blocks that combined
aerobic, strength, and flexibility training. This structural
design ensured a balanced impact on the cardiovascular
system, muscular system, and mobility, developing the
functional state of the body without excessive overload.
The model was designed for universal application, as it
did not require specialised equipment, was suitable for
students of different levels of initial fitness, and corre-
sponded to evidence-based approaches to health training
for young people. Each block of the model performed a
specific functional role. The aerobic part ensured the de-
velopment of endurance through moderate cyclic loads.
The strength block was aimed at building muscle endur-
ance and strengthening the main muscle groups, and the
final flexibility block helped to normalise muscle tone,
improve mobility, and prevent injuries. A component of
the model was the monitoring of technique, intensity, and
well-being by the teacher or instructor during each ses-
sion, which increased safety and standardisation of per-
formance. The generalised structure of the training model
was presented in the form of a diagram that reflected the
logic of the session structure, the functional purpose of
each block, and the specifics of their application in the
learning process. The model was designed for simpli-
fied integration into the educational environment of the
university, ensuring repeatability, controllability, and the
possibility of further evaluation of effectiveness.

Preliminary screening was conducted online using a
short health questionnaire; all physical measurements were
taken offline at a sports complex. All participants under-
went physical condition and fitness assessments at the ini-
tial stage. The International Physical Activity Questionnaire

IPAQ-SF (2002) and the WHO-5 well-being scale (2024)
were used to assess the level of daily physical activity, and
psychophysical status was assessed on a six-point scale (0 -
“never”, 5 - “all the time”). The metrics were converted into
an index from 0 to 100 points. Physical fitness was assessed
using standardised tests, the 12-minute Cooper test (the
distance covered was recorded as an indicator of aerobic
endurance), a test of upper body strength endurance (num-
ber of “twists” in 1 minute), upper shoulder girdle strength
endurance test (maximum number of push-ups in 1 min-
ute), long jump to assess explosive strength, and sit-and-
reach test to determine flexibility. All tests were performed
after a standardised warm-up, in the same order and with
controlled rest periods between exercises. The assessments
were performed by instructors with prior training. The ob-
servation included verification of the exercise technique
correctness, load intensity, frequency of breaks, fatigue,
pulse, and the subjective well-being of the participants.
Factors such as instruction compliance and discipline dur-
ing the session were incorporated.

All participants completed the initial assessment and
followed the identical training programme for eight weeks,
consisting of three 45-60-minute sessions per week. The
programme included 10-20 minutes of aerobic running at
moderate intensity, 15-20 minutes of functional strength
exercises (squats, push-ups, planks, twists) and 10-15 min-
utes of flexibility exercises. The exercise programme was
selected due to an even effect on basic physical qualities,
safety, and correlation with the key tests used for assess-
ment, which ensured reliable monitoring of changes in
physical fitness. The sessions were held offline in a gym
under the supervision of an instructor. Students could not
independently change the training program to ensure the
same effect on both groups. During the experiment, stu-
dents were also observed during training, which was used
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to assess physical metrics, behavioural and motivational
aspects. After completing the 4-week programme, the stu-
dents underwent the same measurements using an iden-
tical protocol, including WHO-5, IPAQ-SF and the entire
set of physical tests. The procedures were followed without
change to ensure the accuracy of the “before” and “after”
data comparison. Ethical standards were enforced based
on the American Sociological Association (1997), which
included written consent, data storage under codes, the op-
tion to withdraw at any time, and the presence of a special-
ist capable of providing first aid. The research protocol was
approved by the university’s local ethics committee.

Comparison of humanities and technical students was
conducted in two areas: by initial metrics and by chang-
es after the training programme. Recommendations were
developed based on the obtained data obtained, covering
characteristics of physical fitness of students of different
specialities, in particular, the optimal amount of aerobic
and strength activity, the advisability of including certain
types of exercises, the approximate frequency and intensity
of training for both groups, as well as recommendations on
the use of self-report scales for further monitoring of the
physical and psychophysical condition of students in the
educational process.

Results

Assessment of physical fitness

and psychophysical condition of students

Higher education involves not only intensive learning,
lectures, tests and exams, but also formation of lifestyle
habits with long-term consequences for health. Phys-
ical activity among students is a factor affecting physical
health, psychological stability and academic performance.
Exercises reduce stress, improve recovery after exertion,
and academic productivity. Furthermore, physical activity
promotes mindfulness and psychological resilience, con-
tributing to a positive mental state and reducing distress
(Teuber et al., 2024). Systematic reviews also highlight a

strong correlation between physical activity, self-esteem,
reduced depression symptoms, and overall student well-be-
ing. The cognitive and academic benefits of sports are no
less relevant. Even short exercise breaks during study can
improve attention, memory and motivation in students, re-
duce mental fatigue and maintain productivity during the
learning process. Physical activity may indirectly influence
academic performance through psychological variables, as
some studies noted that self-esteem and depression medi-
ate the relationship between physical activity and academic
achievement (Li & Huang, 2025).

Role of physical activity is only increasing due to in-
ternal barriers (e.g., lack of time, heavy study load) and ex-
ternal barriers (e.g., inadequate infrastructure or support
from universities) (Latino et al., 2025). Students have low
awareness of the role of physical activity for health, which
highlights the need for systematic sport and regular exer-
cise encouragement. Therefore, analysing students’ phys-
ical fitness and studying differences in academic orienta-
tion (technical and humanities majors) is relevant. This
approach can be used not only to assess the current level
of physical activity but also to formulate recommendations
that could be implemented in the educational process of
universities to improve the overall physical and psycholog-
ical potential of students.

The level of physical fitness of students does not always
reflect their psychophysical state, since good physical shape
does not guarantee a high level of adaptation to stress or
psychological comfort. In turn, the psychophysical state af-
fects the ability to perform physical exercises, refuting the
direct connection between fitness and the general state of
the body. The sequence of assessment procedures and stages
of implementation of the training model was systematised
throughout the research methodology and summarised in
Table 1. The table shows the main steps that made it pos-
sible to track the dynamics of changes in the physical and
psychophysical fitness of students, as well as demonstrating
the structure of the experiment as a holistic process.

Table 1. Results of the experiment: students’ readiness before and after the training complex

Group 1 before \ Group 1after

Group 2 before \ Group 2 after

1. International physical activity questionnaire IPAQ-SF (2002)

How often have you done intensive exercise in the last week?

1-25% 2-30% 3-20% 4-15% 5-10% ‘ 1-10% 2-20% 3-30% 4-25% 5-15% ‘ 1-23% 2-28% 3-20% 4-18% 5-11%

1-8% 2-15% 3-28% 4-30% 5-19%

Duration of intensive exercise

1-28% 2-32% 3-20% 4-12% 5-8%

‘ 1-6% 2-12% 3-25% 4-28% 5-29% ‘ 1-25% 2-30% 3-18% 4-15% 5-12%

1-5% 2-10% 3-22% 4-30% 5-33%

How often did you engage in moderate exercise during the week?

1-22% 2-28% 3-25% 4-15% 5-10% ‘ 1-4% 2-10% 3-22% 4-32% 5-32% ‘ 1-24% 2-28% 3-22% 4-15% 5-11%

1-3% 2-8% 3-20% 4-35% 5-34%

Duration of moderate exercise

1-25% 2-30% 3-22% 4-13% 5-10% ‘ 1-5% 2-12% 3-24% 4-30% 5-29% ‘ 1-23% 2-28% 3-20% 4-18% 5-11%

1-4% 2-10% 3-22% 4-32% 5-32%

How often did you walk for 210 minutes?

1-20% 2-25% 3-28% 4-15% 5-12%

1-3% 2-8% 3-22% 4-35% 5-32% ‘ 1-22% 2-28% 3-25% 4-15% 5-10%

1-2% 2-7% 3-20% 4-33% 5-38%

Duration of daily walking

1-22% 2-28% 3-25% 4-15% 5-10% ‘ 1-4% 2-10% 3-25% 4-32% 5-29% ‘ 1-23% 2-28% 3-22% 4-18% 5-9%

1-3% 2-8% 3-20% 4-35% 5-34%

Sitting time during the day

1-30% 2-25% 3-20% 4-15% 5-10% ‘ 1-5% 2-10% 3-20% 4-30% 5-35% ‘ 1-32% 2-28% 3-20% 4-15% 5-5%

1-4% 2-8% 3-18% 4-30% 5-40%

2. WHO-5 well-being scale (2024)

| felt energetic

0-5%1-15% 2-25% 3-30% 4-15%
5-10%

0-2%1-8% 2-20% 3-30% 4-25%
5-15%

0-4% 1-12% 2-22% 3-28% 4-20%
5-14%

0-1% 1-5% 2-15% 3-25% 4-30%
5-24%

| woke up refreshed
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Table 1, Continued

Group 1 before Group 1 after Group 2 before Group 2 after
0-6% 1-14% 2-24% 3-30% 4-16% 0-2% 1-7% 2-18% 3-32% 4-25% | 0-5% 1-10% 2-20% 3-30% 4-20% 0-1% 1-5% 2-15% 3-25% 4-28%
5-10% 5-16% 5-15% 5-26%
| was calm and relaxed
0-5% 1-15% 2-25% 3-28% 4-17% 0-1% 1-8% 2-20% 3-30% 4-25% | 0-4% 1-12% 2-22% 3-28% 4-22% 0-1% 1-5% 2-15% 3-25% 4-30%
5-10% 5-16% 5-12% 5-24%
| felt interested in everyday affairs
0-6% 1-14% 2-24% 3-30% 4-16% 0-2% 1-7% 2-18% 3-32% 4-25% | 0-5% 1-10% 2-20% 3-30% 4-20% 0-1% 1-5% 2-15% 3-25% 4-28%
5-10% 5-16% 5-15% 5-26%
| was in a good mood
0-5% 1-15% 2-25% 3-28% 4-17% 0-1%1-8% 2-20% 3-30% 4-25% | 0-4% 1-12% 2-22% 3-28% 4-22% 0-1% 1-5% 2-15% 3-25% 4-30%
5-10% 5-16% 5-12% 5-24%
3. Tests (average value in the group)
12-minute Cooper test, m
1,200 1,600 \ 1,400 2,200
Twists per minute, number
18 25 \ 20 30
Push-ups in 1 minute, number
12 18 \ 15 22
Standing long jump, cm
185 \ 205 190 \ 220
Sit and reach test, cm
18 \ 24 19 \ 28

Note: Group 1 - students majoring in the humanities; Group 2 - students majoring in technical subjects

Source: compiled by the authors

The results of the observation demonstrated differences
in endurance and coordination between the groups. The re-
sults of the study show a positive trend in the physical fitness
and psychophysical condition of students after performing
the same training complex in both groups. Group 1, con-
sisting of humanities students, demonstrated improvement
in all tests compared to the initial indicators, but the pro-
gress was slightly less than that of Group 2, which consisted
of technical students. Following Table 1, the physical fitness
of students majoring in technical subjects was higher even
before the start of the experiment, since the level of activ-
ity of students in this field was also higher. This can also
be related to improved results after the implementation
of the training programme, since a trained body is better
able to withstand aerobic and anaerobic loads. Students of
technical specialities regularly attended the gym, as most
of their learning process involves long hours of computer
work, which requires compensation for physical activity. In
addition, technical students participate in laboratory and
practical classes that involve regular physical activity, such
as operating equipment, moving between workstations,
and performing physically active tasks during experiments.
Humanities students have a more flexible schedule with an
emphasis on creative and interactive exercises, discussions,
group projects and working with materials, which provides
less structured physical activity but promotes the develop-
ment of cognitive and social skills.

Analysis of the WHO-5 results also demonstrated pos-
itive dynamics in the psychophysical state of both groups.
In all five statements, students demonstrated an increase in
the percentage of high scores (4-5 points) after the train-
ing complex, with group 2 of technical students showing a
more pronounced improvement in energy, feelings of re-
laxation, calmness and interest in daily activities compared

to group 1 of humanities students. As for the strengths of
the training complex, it is worth noting that it evenly affects
the main physical qualities, aerobic endurance (running for
10-20 minutes), strength endurance (functional strength
exercises for 15-20 minutes) and flexibility (stretching ex-
ercises for 10-15 minutes). The complex also provides a safe
load for students of different levels of training and moni-
tors progress using standardised tests. The disadvantages of
the complex are a relatively short duration of each exercise
block and the same intensity for all students, which may not
tully correspond to the individual level of training for less
active humanities students. Furthermore, the limited dura-
tion of training (45-60 minutes) prevents the maximum de-
velopment of individual physical qualities in more trained
technical students. The implementation of the training
complex over eight weeks had a positive effect on the phys-
ical fitness and psychophysical state of both groups, with
technical students demonstrating a higher level of physical
fitness and better indicators of psycho-emotional state after
the experiment, which indicates the effectiveness of a sys-
tematic, comprehensive approach for students of different
academic fields.

Group 1 (humanities students) showed higher fatigue
during strength training, when performing push-ups and
twists, as well as more frequent breaks for rest. At the same
time, students in the technical group (group 2) demon-
strated more stable endurance, more precise movement
technique, and less fatigue, which ensured full intensity
without extended breaks. Observations also revealed that
both groups gradually increased their motivation and in-
terest, demonstrated perseverance during repetitions of
strength and flexibility exercises, and adhered to safety
rules and proper technique. In addition, the second group
showed higher concentration and ability to perform tasks
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in team mode, while the first group sometimes showed a
decrease in attention after intense blocks. Thus, the results
of the observation confirm the test data: students of techni-
cal specialities demonstrated a higher level of physical fit-
ness and better stress resistance, while humanities students,
although they showed improvement in physical and psy-
chophysical indicators, needed more control over intensity
and breaks. The observation emphasised that the training
complex not only develops physical qualities but also has a
positive effect on the motivation, discipline and psycholog-
ical readiness of students for systematic physical exertion.

Practical recommendations for the optimisation

of physical activity among students of different specialities
Based on the data obtained and the results of the experi-
ment, a set of practical recommendations was developed
for organising physical activity for students of humanities
and technical specialities, incorporating initial physical in-
dicators, psychophysical condition, motivation and needs
in the educational process. These recommendations are de-
signed to be implemented in the university curriculum or
a separate physical education module, and can also be used
in students’ extracurricular activities to support health and
physical development. Introduction of systematic training
complexes for students of both specialities is recommend-
ed, with a frequency of three sessions per week and a du-
ration of 45-60 minutes per session. University sports halls
or outdoor areas in favourable weather conditions should
be prioritised in training. A standard warm-up for 5-10
minutes should be performed at the start of each class, in-
corporating light cardio exercises, flexibility exercises for
the main joints, dynamic stretching to prepare the body for
further exertion and reduction of the risk of injury. Stu-
dents are advised perform warm-up exercises under super-
vision of a physical education teacher or trainer to moni-
tor the technique and rhythm of the exercises. To develop
aerobic endurance, it is recommended to include moderate
intensity running or brisk walking for 10-20 minutes in
each session. For humanities students, it is advisable to be-
gin with shorter distances or lower intensity, gradually in-
creasing the running distance and speed while monitoring
pulse and well-being. For students of technical disciplines,
longer distances or interval running exercises with moder-
ate speed alternation can be recommended to maintain the
high level of aerobic endurance they demonstrated during
the experiment. Running or walking should be conducted
at the university stadium or on equipped grounds with a
flat and safe surface. An instructor should monitor the ac-
curacy of the exercises, ensure a steady pace, and gradually
increase the load throughout the eight weeks.

To develop strength, endurance, and muscle strength,
functional exercises with body weight, such as squats,
push-ups, planks, and twists are recommended. Strength
exercises should be performed in the university gym or
in a designated room with minimal equipment. It is rec-
ommended to allocate 15-20 minutes for each strength
training session, dividing the exercises into sets. For hu-
manities students, fewer repetitions and sets should be
used, gradually increasing the load to avoid overexertion
and ensure safe progression. For technical students, a high-
er number of repetitions or more intense sets can be used
due to a higher basic strength training level. Trainer should

constantly monitor technique, correct mistakes and advise
on correct distribution of the load to ensure safety of ex-
ercises. To develop flexibility and joint mobility, it is rec-
ommended to include 10-15 minutes of stretching exercis-
es at the end of each class. Stretching exercises should be
performed smoothly, without jerks, with an emphasis on
a controlled range of motion. Humanities students should
prioritise flexibility exercises due to lower initial flexibil-
ity and lower endurance during strength and aerobic ac-
tivities. Technical faculty students are advised to combine
traditional stretching with dynamic functional movements
to develop coordination, endurance, and overall mobili-
ty. Regarding the frequency and structure of classes, it is
recommended to conduct training regularly, for example,
Monday, Wednesday, and Friday at set hours in the morn-
ing or afternoon, to ensure maximum student attendance.
The physical education teacher or coach should plan class-
es, inform students on schedule changes, preparation and
necessary equipment (sportswear, trainers, water bottle). It
is also advisable to organise small subgroups of 5-8 people
to ensure individual control and increase student motiva-
tion through mutual support and healthy competition.
Self-report scales IPAQ-SF (International Physical Ac-
tivity Questionnaire IPAQ-SF, 2002) and WHO-5 (WHO-5
well-being scale, 2024) are recommended for training
intensity and efliciency monitoring. Each week, students
complete short questionnaires to track physical activity,
psychophysical condition, and well-being. The teacher or
trainer analyses the data obtained, identifies weaknesses
in the workload, and adjusts the programme per individ-
ual needs and training response. In particular, if increased
fatigue is notable among humanities students, a tempo-
rary reduction of strength training intensity or increase
in break duration between sets is recommended, while for
technical students, additional repetitions or more complex
exercise options can be added. Another recommendation
is to gradually increase the load over eight weeks, based
on the students’ initial fitness levels. Humanities students
should be advised to start at a slower pace, with fewer repe-
titions and shorter aerobic distances, increasing the inten-
sity each week by no more than 5-10% of the initial level.
Students in technical fields can be offered more complex
exercises, more repetitions, increased duration of aerobic
blocks, or varied interval training to ensure the develop-
ment of high levels of endurance, strength, and flexibility.
For the motivation and support of the psychological and
emotional state of students, integration of game elements,
relay races, team exercises and coordination exercises
into training is recommended. Such elements should be
conducted under the supervision of a physical education
teacher for adjusting the intensity, alternating between in-
tense and calm exercises, and ensuring safety. This ensures
positive training, promotes discipline, fosters team spirit,
and encourages regular participation in the programme.
Individual characteristics of students should be account-
ed for. At the initial stage, the physical education teach-
er should screen students’ health (questionnaires, BMI
(body mass index) measurements, assessment of basic
physical fitness) to identify individuals with limitations or
a need for modified exercise. Lower intensity aerobic and
strength training, increased rest, and additional stretch-
ing exercises are applicable for students with low initial
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physical fitness. For students with high fitness levels, it is
advisable to provide more complex exercise options, in-
crease the number of repetitions or integrate functional
training elements of functional, which stimulates progress
without the risk of overload.

To monitor results and evaluate the effectiveness of the
programme, repeated measurements of physical indicators
(12-minute Cooper test, test of strength endurance of the
torso and upper shoulder girdle, standing long jump, flex-
ibility test) and WHO-5 (WHO-5 well-being scale, 2024)
and IPAQ-SF (International Physical Activity Question-
naire IPAQ-SE 2002) questionnaires are recommended.
The instructor should analyse the obtained data and ad-
just training to ensure an optimal proportion of aerobic,
strength and flexibility exercises for each group. Constant
exercise technique, intensity, student well-being, motiva-
tion and attention should be observed and monitored dur-
ing training. A teacher or trainer can keep an observation
log, record individual and group responses to loads, adjust
intensity and duration of exercises in real time. Humani-
ties students with lower endurance and students with high
initial fitness levels, necessitating additional incentives
to progress, require closer monitoring. To maintain dis-
cipline and regular participation in the programme, it is
recommended to establish clear attendance rules, incen-
tive systems for activity and progress (e.g., points for at-
tendance and exercise completion), and to create a friend-
ly team atmosphere during training sessions. This can be
achieved via the formation of subgroups, team-based com-
petitions, game element integration, and short motivation-
al briefings before the start of the session. Thus, the set of
recommendations includes specific actions, the duration
and frequency of training sessions, the structure of aero-
bic, strength and stretching exercises, technique and inten-
sity control, monitoring of psychophysical condition using
self-report scales, gradual increase in load in accordance
with individual capabilities, integration of motivational
game elements and regular monitoring of results. These
recommendations will contribute to the physical fitness
and psychophysical condition of students in both groups,
optimise the learning process, and ensure safety during
training. It will also create conditions for the continuous
development of aerobic and strength endurance, flexibil-
ity, and coordination of movements in students of dif-
ferent specialities. The recommendations provide a clear
algorithm for the organisation of a training programme
that ensures a balance between the intensity of the load,
safety and effectiveness for students of different levels of
physical fitness. The recommendations provide flexibility
in implementation, maintain student motivation, con-
tribute to improving psychophysical well-being, and can
be used for objective assessment of progress using stand-
ardised tests and questionnaires. The technical group had
better initial results in most physical fitness and well-being
metrics; therefore, greater progress after training exercis-
es confirms the efficiency of the programme and poten-
tial for further development of physical qualities. Initial
higher physical fitness improved exercise learning rate and
achieved noticeable improvements in Cooper tests, sit-
ups, push-ups and flexibility, which emphasises the role
of systematic training even for groups with a higher start-
ing level. In general, the implementation of a systematic

training complex based on these recommendations will
ensure the formation of sustainable skills and physical po-
tential in students, increase their adaptation to academic
and life stresses, and promote the development of a healthy
lifestyle for both humanities and technical students.

Discussion

The difference in physical fitness of technical and humani-
ties students was evident in endurance, strength, and reac-
tion speed. Analysis of the WHO-5 questionnaire (WHO-5
well-being scale, 2024) also demonstrated positive dynam-
ics in the psychophysical state of both groups, however,
technical students had higher scores for energy, relaxation,
calmness, daily interest and positive mood after the training
programme, with 65-75% of high scores (4-5 points), while
for humanities students this figure was 50-60%. Technical
students demonstrated higher levels of overall physical
strength and aerobic endurance, while humanities students
showed better flexibility and coordination of movements.
This differentiation indicates the influence of the specifics
of the educational model and the regime of educational
activities on the formation of physical qualities, which is
consistent with the previous conclusions of L.A. Gallo et
al. (2020), noting a change in the level of physical activity
of students during restrictive measures due to COVID-19.
The results of the study confirmed that physical activity re-
lated to the educational process shapes the body’s adaptive
abilities and has different dynamics among students of dif-
ferent specialities.

The strength and endurance correlation indicates
the influence of practical laboratory classes and techni-
cal exercises on maintaining a high physical fitness level.
Higher flexibility scores among humanities students are
consistent with the findings of K. Nikolopoulou (2022),
noting that intellectually oriented curricula with active el-
ements of creativity and physical activity contribute to the
development of coordination and flexibility of the body.
This correlation confirmed the assumption that the devel-
opment of physical qualities differs between disciplines.
Aerobic endurance test results show a statistically signifi-
cant advantage for technical students in running distance
and cardiorespiratory endurance tests. This is consistent
with the comparison of the physical activity of students
by G.I. Butnaru et al. (2021), which noted a decrease in
endurance among students without regular physical activ-
ity. The results confirmed conclusions regarding the need
to include physical exercise in the educational process to
maintain an optimal level of physical fitness. The study
determined that regular laboratory and practical classes
incorporating physical activity maintain high strength
and aerobic fitness levels. Analysis of speed abilities
demonstrated a moderate advantage for humanities stu-
dents in reaction speed and agility tests. A comparison of
the results with the study by M. Sun et al. (2025) indicat-
ed that speed, agility and reaction exercises, in particular
short-distance running, direction change exercises and
multi-speed training, stimulate quick reactions. The study
demonstrated that such exercises improve acceleration,
rapid change of direction, leg strength, and reaction time,
ensuring comprehensive development of physical quali-
ties. In particular, the results of the study highlighted that
group 1 increased the average number of twists from 18
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to 25 in the upper body strength endurance test, while
group 2 increased from 20 to 30, and in push-ups per
minute, the results increased from 12 to 18 and from 15 to
22, respectively. The standing long jump, which assesses
explosive power, showed an increase in the average result
in group 1 from 185 to 205 c¢m, and in group 2, from 190
to 220 cm, while the sit-and-reach flexibility test showed
an improvement from 18 to 24 cm in humanities students
and from 19 to 28 cm in technical students.

Teaching methods based on interactivity and physical
activity improve coordination skills among students. Over-
all physical fitness indicators demonstrated a statistically
significant difference between groups, which can be attrib-
uted to differences in educational structure and workload
across different specialisations. This is consistent with the
findings of C. Huang et al. (2024), noting that the type of
learning activity and its integration with physical activity
affect overall functional readiness indicators. The combi-
nation of regular practical classes and laboratory assign-
ments with physical exercises contributes to the formation
of sustainable physical skills in technical students, while
humanities majors ensure the development of flexibility
and speed-coordination abilities through interactive teach-
ing methods. Physical fitness also depends on biological
factors and individual physical activity, highlighting the
need to consider these aspects when planning educational
programmes. A comparison of the data obtained with the
study by C.E.B. Brown et al. (2024) confirmed the impact of
the learning activity regime on physical activity. Students of
technical specialities were more often involved in laborato-
ry and practical classes that involved physical activity, while
humanities specialities provided a more flexible regime
with an emphasis on creative and interactive exercises. This
confirms the conclusions regarding the significance of the
structure of educational activities for maintaining physical
fitness. The higher level of endurance observed among stu-
dents of technical specialities was consistent with the re-
sults of studies by V. Ryabchenko et al. (2021), highlighting
the impact of physical education classes on the health of
students of technical specialities. The results determined
that regular physical exercise improves physical fitness,
health, and promotes the formation of healthy habits for
an active lifestyle. Y. Zhou et al. (2025) highlighted that
various exercises contribute to different physical qualities;
team games and individual activities improve endurance
and coordination; the positive effect of strength and flex-
ibility tests; and exercises for motor skills and precision of
movements. The author’s model in this study also included
various exercises with unique effects on the development of
physical qualities.

Humanities students have lower physical fitness lev-
els than technical students. This result correlates with data
from Y. Berezhna et al. (2024), based on analysis of think-
ing patterns and physical activity of humanities students.
The data highlighted that curricula of these specialities
provide less structured physical activity, prioritising crea-
tive and interactive classes that develop cognitive and social
skills. Furthermore, the results of the study can be used to
assess the impact of the learning environment and the or-
ganisation of the educational process on physical activity.
Data from Z.U. Umarova & Y.Y. Umarov (2024) empha-
sised that educational institutions that integrate physical

activity into the learning process contribute to maintain-
ing a high level of physical fitness among students. The
results demonstrated the role of motivational factors and
the social environment. S. Chowdary (2020) noted that a
combination of face-to-face and distance learning (blended
learning) promotes student engagement in active learning,
which could influence physical activity. Furthermore, the
recommendations include systematic 8-week training pro-
grammes, three times a week for 45-60 minutes, divided
into aerobic, strength and stretching blocks, warm-up and
recovery exercises, technique and well-being monitoring
during classes, gradual increase in load based on individ-
ual abilities, use of self-report scales to assess effectiveness
(IPAQ-SE WHO-5), integration of game elements for mo-
tivation, as well as regular monitoring of results and pro-
gramme correction. K. Gapparov & K. Akhmedov (2020)
also noted that the implementation of recommendations
for the introduction of a training complex into the educa-
tional process of universities ensures an increase in the lev-
el of physical fitness, psychophysical condition, safety and
adaptation of students to educational loads, regardless of
their specialisation. The results demonstrate that speciality
and organisational features of the educational process affect
the level of physical fitness of students, forming different
trends in endurance, strength, flexibility and coordination.
Different learning formats and access to extracurricular
physical activities determined the ability to maintain and
develop physical activity, which is crucial for overall health
and physical development.

Conclusions

The experiment, which involved students of humani-
ties and technical specialities, demonstrated significant
positive changes in both the physical indicators and the
psychophysical state of the participants. All tests demon-
strated an increase in results, and stability of dynamics was
confirmed by the dynamics of the selected load. Aerobic
endurance of humanities students increased from 1,200 to
1,400 metres (+16.7%), and technical students from 1,600
to 2,200 metres (+37.5%); strength indicators increased
from 18 to 25 “twists” and 12 to 18 push-ups in the hu-
manities group, and 20 to 30 “twists” and 15 to 22 push-
ups in the technical group. The increase in standing long
jump (185205 cm and 190 > 220 cm, respectively) and
flexibility (18 24 cm and 1928 cm) confirmed the pos-
itive influence of exercises.

Based on the obtained data, the introduction of a train-
ing complex into the educational process of universities,
three times a week for 45-60 minutes, moderate-intensity
aerobic exercises in a stadium or gym, strength training un-
der the supervision of an instructor for technique correc-
tion and individual load adjustment, and a final flexibility
session for injury prevention and recovery, is recommend-
ed. For humanities students, it is recommended to increase
the proportion of aerobic exercises to the upper limit of the
model (20 minutes), and for technical students, to improve
the strength training by increasing the number of repeti-
tions or the duration of exercises with gradual progression.
Monitoring of the psychophysical condition of students
once every two weeks using the WHO-5 and a short IP-
AQ-SF questionnaire should be conducted to adjust the
loads. Teachers are advised to record exercise techniques,
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AHoTauif. MeToo [OCTIKeHHA OyI0 MHOpiBHAHHS piBHSA (isMYHOI MiTOTOBIEHOCTI CTYHEHTIB TeXHIUYHMX i
ryMaHITapHUX CII€LIia/IbHOCTEJI Ha OCHOBI aBTOPCHKOI MOJ€/li KOMIIIEKCHOIO TPEHYBaHH:A y 3aKjlaJi BMUIOI OCBITH.
Metopororis BK/I0Yasa CTBOPEHHs aBTOPCHKOI MOJieri, eKCIIEPMMEHT TPMUBAaB 3 3 MI0TOro 1o 31 6epesus 2025 poky Ha
6a3i CIOpTMBHOIO KOMIUIEKCY YMaHCBKOTO JepXKaBHOTO IeflaroriqyHoro yHiBepcurery iMeHi Ilasna TuunHy, y sskomy
B3sUIM y4acThb 150 cTygmeHTiB, Ta GOpMyIIOBaHHA peKOMeHpalill. Pesymbrary moxasamy, 1o BIPOBajKeHa IIporpama
CHPUYMHMIA CTATUCTUYHO 3HA4yIi IIO3UTUBHI 3PYIIEHHA Y BCIX KIIOYOBUX IOKa3HMKaX. AepoOHa BUTPMBAIICTh
CTyZIeHTiB ryMaHiTapHOi rpymnu 36impumtacs 3 1 200 go 1 400 m (+16,7 %), a Texnivxoi — 3 1 600 go 2 200 M (+37,5 %);
CHMJIOBAa BUTPUBAJICTD Y «CKPYYYBaHHAX» 3pOC/ia BifmoBifHO 3 18 mo 25 nosTopiB (+38,9 %) Ta 3 20 go 30 moBTOpiB
(+50 %); xinbKicTb BimKxuMaHb — 3 12 10 18 (+50 %) Ta 3 15 50 22 (+46,7 %). [Tokasuyky BUOYXOBOI CH/IU IOKPALLMINCA 3
185 1o 205 cM y rymaniTapiis i 3 190 go 220 cm y TexHiuHOI rpymu. [Hy4xicTb 3a TecToM 3pocia Ha 6 cM (18524 cm) Ta Ha
9 cM (1928 cM) BifnoBigHO. 3a OMUTYBaIBHMKOM CTYHEHTH i3 BUCOKUM PiBHEM IICYIXOEMOLITHOTO 0/1aroIoTydds mic/a
nporpamu 36inpumoracs go 44 % y rymanitapaoi Ta 1o 50 % y TeXHi4HOI IpyI, O CBiTYMTD IPO MO3UTUBHMII BIUIUB
¢bisMYHNX HaBaHTA)XXeHb Ha CyO €KTMBHMIT ICHMXOIOTidHMil cTaH. OTpuMaHi pe3y/nIbTaTi 03HAYAIOTh, 1[0 KOMIIIEKCHA
TpeHyBa/jbHa MOfeNb 3faTHA IiBUIIYBaTM piBeHb (isMYHOI MiATOTOBIEHOCTI Ta IICMXOMOTIYHOTO OAaromoNydds
CTYIEHTCbKOI MOJIOfi HaBiTb 3a yMOB OOMEXEHOI TPMBANIOCTi BTpyYaHHA. Pesynbratyt MOCTIIKEHHA MOXYTb OyTH
BUKOPMCTaHi BUKIagadaMi (i3VYHOIO BMXOBAHH:, TPeHepaMM CTYHEHTCBbKMX CeKIliil, afMiHicTpalli€lo yHiBepCHUTeTiB
I ONTMMi3alii HaBYa/JIbHUX IUIAHIB, a TakoXX ¢axiBlsAMu y cdepi CIOpTUBHOI Hefaroriku Ta 0350poByol ¢isnyHOi
Ky/IBTYPIL AJIsL PO3POOKY IIPOrpaM MiABUIIeHHs (i3N9HOI aKTUBHOCTI MOIOAL

KniouoBi cnoBa: cTpyKTypHa Mofienb; TPeHYBaAbHUIT KOMIUIEKC; NCUXO(MISMYHMII CTaH; aepoOHe HaBaHTa)KEHHS;
¢dyHKIiOHANBH] BIIpaBU
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Abstract. The aim of the study was to reveal the theoretical foundations of integrating electronic educational platforms
and mobile services into school physical education classes in order to outline their potential for increasing the physical
activity of schoolchildren. The methodology was based on a combination of theoretical analysis, a regulatory and legal
approach, and conceptual modelling. It was found that the main tools of digital technologies are exergames, fitness
trackers, online lessons, gamified programmes, social networks, and activity monitoring platforms. Exergames, wearable
trackers, and gamification provide sufficient intensity of exercise, provide objective data for self-monitoring and goal
setting, and stimulate daily physical activity among pupils. Online physical education formats partially compensate for the
reduction in physical activity during distance learning if they have a well-thought-out pedagogical design. Digital media
in the concept of health promotion are used to prevent physical inactivity and bring pupils closer to the recommended
levels of physical activity. Within the framework of technology-enhanced pedagogy, digital tools individualise the load,
improve the assimilation of motor actions and expand the space for activity outside school. It has been established that
the integration of digital technologies results in an increase in moderate/high activity time, improved physical fitness,
motivation, self-regulation, and a positive attitude towards physical culture. Effectiveness and risks depend on teacher
competence, material resources, organisational support, as well as screen time control, digital inequality, and data
confidentiality. A conceptual model of “input — process — outcomes” is proposed, where the “input” consists of types of
digital technologies, regulatory guidelines and conditions for implementation, the “process” consists of motivational,
organisational and monitoring mechanisms of influence, and the “output” is changes in physical activity and attitudes
towards physical culture. The practical significance lies in the fact that the results can be used by physical education
teachers and methodologists to plan lessons aimed at increasing physical activity and motivation among pupils

Keywords: exergames; wearable trackers; gamified platforms; online sports training; pupil motivation; physical activity

Introduction

Physical activity among children and adolescents in the
21% century is considered one of the key determinants of
health, and school as an environment where the basic con-
ditions for the formation of motor behaviour are created.

Despite this, most schoolchildren do not meet the mini-
mum recommendations for daily physical activity, which
is exacerbated by trends in urbanisation, increasing sed-
entary lifestyles and screen time. In such conditions, the
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question arises of how schools, and physical education
classes in particular, can use digital technologies not only as
a means of communication, but also as a tool for increasing
the actual level of physical activity among pupils.

In the scientific field, the digitisation of physical ed-
ucation is considered a separate area of research. In a
study by S. Guijarro-Romero et al. (2023), an intermit-
tent training module based on wearing fitness bracelets
and a set of behavioural strategies (step goals, counsel-
ling, reminders) was tested. The authors found that pu-
pils’ perceived support for autonomy, satisfaction of ba-
sic psychological needs, and autonomous motivation for
physical activity increased, as did their habitual physical
activity. This means that integrating wearable devices
into physical education lessons can not only increase the
amount of movement, but also influence the motivation-
al mechanisms that are essential for long-term activity
maintenance. Similarly, the work of S. Guijarro-Rome-
ro et al. (2025) focused on the same type of intermit-
tent module with bracelets, but assessed its impact on the
weekly number of steps: an eight-week programme with
progressive targets, counselling and daily monitoring led
to a statistically significant increase in steps among ado-
lescents aged 12-16. This work provides direct quantita-
tive evidence that a well-designed programme of wear-
able trackers integrated into physical education lessons
can significantly bring pupils” actual levels of daily activ-
ity closer to the recommended standards.

Virtual physical education during COVID-19, built
within the framework of “diversity-equality-inclusion” in
the study by E.M. D’Agostino et al. (2021), showed that re-
mote physical education formats can either exacerbate or
mitigate existing inequalities in access to physical activity,
depending on how online tools are designed. The authors
highlight key design features of platforms (convenience,
accessibility, monitoring and evaluation capabilities) that
teachers consider crucial for ensuring equitable access to
quality online physical education for pupils, thereby set-
ting benchmarks for the design of future digital solutions.
In their study, O. Osterlie et al. (2022) conceptualised the
field of “digital technology in physical education”, empha-
sising that digital tools (flipped learning, gamification,
exergames) have already demonstrated their ability to en-
hance student motivation, learning outcomes and perfor-
mance. At the same time, the authors point out the lack of
knowledge about how teachers implement these technol-
ogies in different pedagogical approaches and at the level
of specific lesson tasks, calling for more in-depth research
into the didactic component of digital physical education,
rather than just the technical side. Digital tools, as found
in the work of E. Jastrow et al. (2022), mostly enhance
student motivation and improve motor skills, but at the
same time reveal serious barriers — a lack of resources and
insufficient preparation of teachers to work with media.
The authors also emphasised that most studies focus on
“learning with media”, while the aspect of “learning about
media” (data protection, critical attitude to images, etc.)
remains almost unexplored, which creates a gap for fur-
ther pedagogical models of digital physical education.

In a systematic review by D.I. Tohanean et al. (2025)
analysed 13 studies on the integration of artificial intelli-
gence and information and communication technologies

into physical education at different levels of education,
identified the main types of their application and demon-
strated their potential for personalising learning, providing
real-time feedback, and increasing motivation and inclu-
siveness. At the same time, the authors note that the trans-
formative potential of these tools is limited by insufficient
infrastructure, a lack of professional training for teach-
ers, and methodological shortcomings in existing studies,
which requires targeted pedagogical design of digital solu-
tions in school physical education.

In Ukrainian scientific discourse, the use of digital
technologies in physical education explores the possibili-
ties of mobile applications and comprehensive digital solu-
tions for school physical education. Fitness applications
and interactive platforms (Nike Training Club, Google
Fit, Workouts for Kids), as shown by H.M. Alekseeva et
al. (2025), can compensate for the loss of classroom activity
by maintaining motivation, engagement, and the level of
physical activity of middle-aged schoolchildren. Research
by V.V. Geitenko et al. (2025) on the use of digital tech-
nologies in physical education classes shows that mobile
apps for tracking activity, fitness bracelets, video platforms
(YouTube, Nike Training Club), virtual/augmented reality,
and online diaries can significantly increase pupils’ interest
in classes, individualise training tasks, and provide more
accurate monitoring of physical fitness. Both studies show
that mobile applications, fitness devices, and other digital
platforms can increase pupils’ interest in classes and con-
tribute to the individualisation of physical activity. At the
same time, this potential can only be realised if teachers
have the necessary competence in information and com-
munication technologies and schools have the appropriate
technical equipment.

A summary of foreign studies shows that the use of
digital technologies in physical education contributes to
increased motivation, engagement and physical activity
levels among schoolchildren, while Ukrainian publica-
tions mainly focus on individual tools and approaches
without offering a comprehensive system for their peda-
gogically sound application. There was a lack of compre-
hensive works that would systematise groups of digital
technologies and present a conceptual model for their
integration into lessons and extracurricular physical ed-
ucation activities for pupils in general secondary educa-
tion institutions.

Thus, the aim of the study was to provide a theoreti-
cal justification for the use of electronic tools and online
solutions in the process of physical education of pupils in
general secondary education institutions as a means of in-
creasing their level of physical activity. To achieve this aim,
the following objectives were set: to analyse regulatory doc-
uments that define the requirements for the level of physi-
cal activity of pupils in the process of using digital technol-
ogies in physical education in general secondary education
institutions, to systematise the main groups of digital tools
for school physical education, taking into account empiri-
cal data on their impact on the physical activity of pupils,
and to develop a theoretical conceptual model for the inte-
gration of digital technologies into the process of physical
education and health activities of pupils in general second-
ary education institutions as a means of increasing their
physical involvement.
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Materials and Methods

The study was theoretical and analytical in nature and used
a comprehensive approach combining theoretical, ana-
lytical, comparative-normative and structural-modelling
analysis. This made it possible to systematically study the
possibilities, effectiveness, risks and directions of using
digital technologies in school physical education, taking
into account their impact on pupils’ physical activity. Us-
ing methods of normative-legal and comparative-norma-
tive analysis, a normative act was developed that approves
the State Standard of Ukraine (Resolution of the Cabinet
of Ministers of Ukraine No. 898, 2020) and its official pres-
entation and explanation on the website of the Ministry of
Education and Science of Ukraine (MES) Ministry of Ed-
ucation and Science of Ukraine (n.d.), which regulates the
educational field of “Physical Education” in general second-
ary education institutions in Ukraine. International bench-
marks are presented in official standardised documents of
the World Health Organization (2010; 2020). The choice
of documents is due to the fact that Ukrainian documents
establish mandatory requirements for the content and re-
sults of physical education in schools, while international
recommendations set scientifically based target guidelines
for the level of physical activity, which was necessary for
the formation of a regulatory framework against which the
potential for integrating digital technologies into school
physical education was assessed.

To develop a classification of digital technologies,
methods of classification and systematisation of empirical
research results were used, which describe the use of digital
tools in physical education of pupils in general secondary
education institutions — exergames (active video games)
(Roglin et al., 2024; Zhao et al., 2024; Merino-Campos
& Del-Castillo, 2025), wearable technologies (Creaser et
al., 2022; Chen et al., 2025), online physical education
and mixed formats (Montiel-Ruiz et al., 2022; Knoke et
al., 2024), gamified programmes and social networks
(Montiel-Ruiz et al., 2022), digital platforms for monitor-
ing and analysing physical activity (Creaser et al., 2022;
Knoke et al., 2024; Chen et al., 2025), which are most rep-
resentative of approaches to the digitalisation of physical
education and reflect various mechanisms of influence on
the level of physical activity of pupils. The selection crite-
ria were a focus on school age (pupils in general secondary
education), the presence of a clearly described digital com-
ponent in the physical education programme (exergames,
wearable trackers, online lessons, gamified services, moni-
toring platforms), recording of physical activity indicators
or related behaviour, as well as the possibility of replicating
these solutions in a regular school setting. This was done in
order to create a generalised classification framework that
allows for comparison of the potential of different groups
of digital solutions and serves as a basis for further analysis
of their effectiveness.

To verify the theoretical conclusions about the poten-
tial of digital technologies as a means of increasing the level
of physical activity, physical fitness and motivation of pu-
pils, the types of digital technologies were analysed using
content analysis and analytical generalisation methods:
exergames (ExerCube), exergames (school exergaming
programme), gamified programme + cards/sensors (active
way to school), Edmodo social network + gamification of

physical education courses, wearable activity trackers
(wearables), and exergame-based training. These types
were selected as representative examples of the main groups
of digital technologies identified in the classification, for
which quantitative changes in the level of physical activity,
physical fitness and motivation of pupils have been docu-
mented in school settings. This approach made it possible
to empirically substantiate the theoretical provisions of the
study and to specify which types of digital technologies and
in which formats of class organisation provide the most no-
ticeable positive changes in pupils’ physical activity.

To identify risks and limitations associated with the
use of digital technologies in school physical education,
such as increased screen time, digital inequality, and data
privacy issues, methods of critical analysis and the com-
parative-normative approach were applied. This allowed
the conditions for pedagogically appropriate and safe in-
tegration of digital tools into the educational process to be
outlined. Based on the results of theoretical and empirical
synthesis, methods of structural-logical and conceptual
modelling were used to construct the “input-process-out-
comes” model of digital technology use in the physical edu-
cation of general secondary education pupils. This ensured
the integration of disparate research findings into a coher-
ent conceptual framework suitable for practical application
by physical education teachers and by developers of educa-
tional programmes.

Results and Discussion
Regulatory guidelines and classification
of digital technologies in physical education
The regulatory and legal basis for the physical education
of pupils in institutions of general secondary education in
Ukraine is the State Standard of Basic Secondary Educa-
tion, approved by Resolution of the Cabinet of Ministers of
Ukraine No. 898 (2020). The document defines the aims of
basic education, which include the formation of a culture
of a healthy lifestyle and the creation of conditions for the
harmonious physical and mental development of the pupil.
Within its structure, the educational field “Physical Culture
and Sport” is distinguished, the content of which is aimed
at developing physical qualities, mastering basic motor
skills and abilities, and forming the capacity for independ-
ent physical activity and health-related exercise (Ministry
of Education and Science of Ukraine, n.d.). On the basis
of the Standard, model educational programmes are devel-
oped that determine the content of learning material, the
indicative distribution of hours, and the expected learn-
ing outcomes in the field of “Physical Culture and Sport”
for different age groups. The allocated number of hours
is intended to ensure the minimally necessary conditions
for achieving the school’s health-preserving aims and for
bringing pupils closer to levels of physical activity recom-
mended by international organisations.

In this context, digital technologies are viewed not as
an end in themselves but as tools for implementing the
requirements of the State Standard: they increase the at-
tractiveness of physical education lessons, expand oppor-
tunities for individualising physical load and monitoring
physical activity, and facilitate the organisation of feedback.
The integration of digital tools into the content and teach-
ing methods of lessons may be considered one of the ways
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to develop pupils’ health-preserving and digital competenc-
es in line with the priorities of the New Ukrainian School.
However, the State Standard of Basic Secondary Education
of Ukraine focuses primarily on describing the content of
the field “Physical Culture and Sport” and the expected
learning outcomes, rather than on clearly quantified indi-
cators of pupils’ daily volumes of physical activity (Resolu-
tion of the Cabinet of Ministers of Ukraine No. 898, 2020;
Ministry of Education and Science of Ukraine, n.d.). On
the basis of the Standard and the model educational pro-
grammes, school timetables and the minimum required
number of physical education hours are established, creat-
ing basic conditions for achieving the school’s health-pre-
serving goals, but this alone does not guarantee attainment
of the recommended daily level of physical activity.
International benchmarks for planning and assess-
ing the physical activity of children and adolescents are
provided by the recommendations of the World Health
Organization (2010): children and adolescents aged 5-17
years should engage daily in at least 60 minutes of mod-
erate-to-vigorous physical activity, predominantly aerobic
in nature, including vigorous-intensity activities and exer-
cises to strengthen muscles and bones at least three times
per week, as well as limiting sedentary behaviour (World
Health Organization, 2010; 2020). A substantial proportion
of children and adolescents in different countries, includ-
ing during the Coronavirus Disease (COVID)-19 pandem-
ic and periods of distance learning, do not reach the levels
of physical activity recommended by the WHO (Knoke et
al., 2024; Martin-Rodriguez et al., 2025). For institutions of
general secondary education, this implies the need to or-
ganise physical education lessons and extracurricular phys-
ical and sports activities in ways that support the attainment

of these standards, in particular through the purposeful
use of modern digital technologies of the twenty-first cen-
tury (mobile applications, wearable trackers, exergames,
online platforms), which can increase the overall volume
and intensity of pupils’ physical activity and reduce the gap
between actual indicators and international recommenda-
tions. A comparison of Ukrainian requirements with inter-
national benchmarks shows that the Ukrainian Standard
defines the content-related and organisational framework
of physical education, whereas WHO documents establish
quantitative target benchmarks for physical activity; taken
together, these can be regarded as complementary regu-
latory bases for evaluating and improving school practice
through the use of digital technologies.

Contemporary approaches to the physical education
of pupils increasingly emphasise that digital solutions
should be considered not as an “addition” to the tradition-
al lesson but as an integral part of the teacher’s pedagog-
ical toolkit, capable of supporting both educational and
health-preserving aims. In the scientific literature, there is
no single established definition of this concept, and dif-
ferent authors include within it both basic information
and communication technology (ICT) tools (video ma-
terials, multimedia presentations, online platforms) and
specialised interactive systems with elements of gamifi-
cation and monitoring. The term “digital technologies” in
physical education is used broadly and encompasses tools
ranging from simple video resources to complex interac-
tive systems with motion sensors, elements of artificial
intelligence, and augmented reality (Martin-Rodriguez et
al., 2025; Ketelhut et al., 2025). The groups of digital tools
relevant for pupils in general secondary education institu-
tions were summarised in Table 1.

Table 1. Classification of digital technologies in the physical education of general secondary education pupils

Group of digital technologies Characteristics

Implementation

Exergames
(active video games)

Interactive gaming systems in which successful task performance
directly depends on the user’s motor activity. They provide a game-
based format with a sufficient intensity of physical load.

Specialised solutions (ExerCube) and commercial
active video games used in school-based
interventions.

Wearable technologies
(wearable devices)

Sensor-based devices for measuring indicators of physical activity
(steps, duration and intensity of exercise, heart rate), used for
monitoring and self-control.

Fitness bands, smartwatches, and chest-strap heart
rate monitors integrated into school programmes
aimed at increasing physical activity.

Online physical education
and blended formats

The use of video lessons, streamed workouts, virtual classes, and
educational platforms to organise physical education lessons in
distance and blended formats, as well as to support traditional lessons.

Distance and blended physical education
programmes developed during the COVID-19
pandemic, as well as platforms supporting physical
education lessons.

Gamified applications
and social networks

Digital services in which physical activity is integrated into a system of
game mechanics (points, levels, leaderboards, badges) and supported
through social interaction (chats, online communities, challenges).

Gamified interventions to stimulate active travel
and participation in physical activity, and gamified
physical education courses based on social networks.

Digital platforms
for monitoring and analysing
physical activity

Web-based and mobile applications for recording the volume and
structure of physical activity, analysing its dynamics, setting goals, and
generating reports for pupils, parents, and school administration; they

are integrated with wearable devices.

School-based and commercial platforms that collect
data from trackers and visualise physical activity
indicators for the purposes of the educational
process and health promotion.

Source: compiled by the authors based on EJ. Montiel-Ruiz et al. (2022), S. Ketelhut et al. (2022), A.V. Creaser et al. (2022), C. Knoke et
al. (2024), L. Roglin et al. (2024), M. Zhao et al. (2024), X. Chen et al. (2025), C. Merino-Campos & H. Del-Castillo (2025)

Digital technologies in the physical education of pu-
pils in general secondary education institutions encom-
pass both tools for the direct organisation of motor ac-
tivity (exergames, wearable devices, online lessons) and
means of motivation, social interaction and monitoring of
its outcomes (gamified applications, digital platforms for

analysing physical activity). This makes it possible to use
them both during physical education lessons and in extra-
curricular sport and health-related activities, thereby ex-
panding the space for pupils’ physical activity. The impact
of digital technologies on the physical activity of pupils in
general secondary education institutions is appropriately
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explained within several interrelated theoretical approach-
es. Within the health-preserving and health promotion ap-
proach, digital media in physical education are viewed as
tools for health promotion that should contribute to bring-
ing pupils closer to recommended levels of physical activ-
ity, improving indicators of physical fitness and fostering
awareness of the relationship between motor activity and
health (Mackenbrock & Kleinert, 2023; Martin-Rodriguez
& Madrigal-Cerezo, 2025). In this context, digital interven-
tions are integrated into school programmes for the pre-
vention of hypodynamia. Within the technology-enhanced
pedagogy approach, digital technologies are interpreted as
an element of a holistic pedagogical system that changes
the structure and logic of the teaching and learning process
in physical education. Digital tools are used to increase pu-
pils’ engagement, improve the acquisition of motor skills,
individualise loads and provide differentiated feedback,
which in the long term contributes to the formation of sus-
tainable habits of physical activity (Ketelhut et al., 2025).
The motivational perspective, primarily within the
framework of self-determination theory, emphasises that
digital media can satisfy pupils’ basic psychological needs
for autonomy, competence and social relatedness, thereby
strengthening intrinsic motivation for motor activity (Lam-
be et al., 2022). Tracking one’s own progress through track-
ers and mobile applications enhances the sense of compe-
tence; gamified tasks and challenges create situations of
success; online communities, rankings and team competi-
tions support a sense of belonging to a group (Mackenbrock
& Kleinert, 2023). The alignment of the health promotion,
technology-enhanced and motivational approaches makes
it possible to view digital technologies in physical education
as a multi-level influencing factor: from directly increasing
the volume and intensity of motor activity to transform-
ing the structure of the lesson and strengthening intrinsic
motivation for engaging in physical education (Lambe et
al., 2022; Martin-Rodriguez & Madrigal-Cerezo, 2025).
The results of the study revealed that exergames, as a
digital tool, provide a sufficient intensity of physical load,
improve endurance, strength and coordination, and also
create a positive emotional gaming experience that changes
attitudes towards motor activity. This is consistent with the
work of Y.Z. Birinci et al. (2023), in which exergames are
considered an educational tool in physical education capa-
ble of influencing not only physical but also cognitive, social
and affective domains of pupils’ development. The authors
demonstrated that active video games can support the learn-
ing of motor skills, promote cooperation and social interac-
tion, and increase motivation and satisfaction with lessons.
Exergames thus represent a comprehensive pedagogical re-
source that simultaneously addresses physical, motivational
and socio-affective outcomes in school physical education.
The study by E.A. Talero-Jaramillo et al. (2024) shows
that ICT in school physical education is used in several
functional areas: as a means of presenting content, organ-
ising and assessing pupils’ activities, as well as a tool for
shaping motivation and engagement in lessons. The re-
sults obtained in the present study are consistent with this
multidimensional view: the term “digital technologies”
encompasses a spectrum of tools ranging from basic ICT
(videos, presentations, online platforms) to specialised in-
teractive systems (exergames, wearable devices, monitoring

platforms), and the identified groups of digital tools per-
form different but interrelated functions -direct organi-
sation of motor activity, monitoring and self-control, and
support for motivation and social interaction. The classifi-
cation of digital technologies proposed in our study reflects
this multifunctionality of ICT and specifies it in the context
of school physical education.

The results of the study showed that the combination of
the State Standard and the WHO’s quantitative recommen-
dations forms a regulatory framework for the target level
of physical activity for pupils. In these conditions, digital
technologies are seen as a means of compensating for the
limited number of hours formally allocated to physical ed-
ucation and bringing actual physical activity closer to in-
ternational benchmarks. A similar logic is demonstrated
in a systematic review by N. Mulato et al. (2024), which
emphasises that optimising physical education in the dig-
ital age requires the targeted integration of technologies
into the learning process to increase pupil motivation and
participation, rather than simply their formal presence. The
authors stress that digital tools must be linked to curricu-
lum updates, the introduction of blended learning and the
management of the educational process in order to have a
real impact on outcomes, including levels of physical activ-
ity. Digital technologies should be designed as a means of
achieving regulatory goals, rather than as a self-sufficient
“digital” component of the lesson.

A review by J. Sargent & A. Calderén (2022) showed
that digital technologies in physical education are analysed
through the prism of teaching and learning. The authors
emphasised that most studies describe an increase in mo-
tivation or engagement, but rarely link technological in-
terventions to clearly defined programmatic or regulatory
goals. The current results partly correspond to and at the
same time specify this conclusion: digital solutions are not
considered as an “addition” to the lesson, but as part of the
pedagogical toolkit designed to implement the require-
ments of the State Standard and WHO recommendations.
The classification of tools is linked to their potential to
provide sufficient volume and intensity of physical activity,
support health-saving goals, and develop pupils’ digital and
information literacy.

The results of the study indicated that digital technolo-
gies (wearable trackers, gamified programmes, online com-
munities) are considered tools for satisfying pupils’ basic
psychological needs and forming a sustainable motivation
for physical activity, which is consistent with the provisions
of self-determination theory. M. Standage et al. (2025)
demonstrate that the gap between the WHO-recom-
mended levels of physical activity and actual indicators is
largely related to the quality of pupils’ motivation in phys-
ical education, and not only to the formal parameters of
educational programmes. Educational environments that
support autonomy, competence and relatedness promote
high-quality intrinsic motivation, greater engagement and
better well-being among pupils, which is consistent with
the results of the present study. The mere existence of reg-
ulatory requirements (State Standard, WHO recommen-
dations) and digital tools does not guarantee an increase
in physical activity if the technologies are not used in a
way that supports self-regulation, a sense of competence
and social inclusion among pupils. In this sense, digital
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technologies are not only a tool for implementing formal
standards, but also a component of a motivational environ-
ment capable of ensuring real progress towards physical
activity targets. Thus, the combination of the State Stand-
ard and WHO recommendations sets a framework within
which digital technologies can be used in a targeted man-
ner to increase the actual level of physical activity among
pupils. At the same time, their effectiveness depends on
the extent to which these solutions are integrated into the
pedagogical model of the lesson and support motivation,
self-regulation, health-saving and digital competence, rath-
er than being implemented formally.

Empirical interventions, risks of digitalisation

and a conceptual model of use in physical education
Modern digital technologies of the 21 century in the
physical education of secondary school pupils appear as a

multidimensional phenomenon that combines various
types of tools (exergames, wearable devices, online plat-
forms, gamified services, monitoring systems) and per-
forms a wide range of pedagogical functions, from in-
forming and demonstrating to motivating, monitoring
and supporting independent physical education and health
activities. At the same time, the mere presence of a digi-
tal tool does not automatically increase physical activity:
the didactic scenario for its use, the degree of integration
of the goal, the content and methods of physical education
lessons, compliance with regulatory requirements, and the
ability to support pupils’ motivational needs are of decisive
importance. Moving from theoretical considerations to
specific examples allows to see more clearly the real impact
of digital technologies on the physical activity of school-
children. Table 2 shows the use of digital technologies and
their impact on the level of physical activity of pupils.

Table 2. Examples of school interventions using digital technologies in physical education

Type of digital technology Characteristics

Main effects

Randomised controlled study (primary school,

Exergames (ExerCube] pupils aged approximately 10 years): 58 pupils,

plus 20 minutes of exergaming twice a week.

three months, standard physical education lessons

Asignificant improvement in physical fitness indicators (endurance,
strength, coordination) was observed in the intervention group compared
with the control group - exergames can provide sufficient exercise
intensity and increase the level of physical activity during lessons.

Exergames (school-based Randomised controlled study (Years 5-6):

exergaming programme ) .
g g prog ) intervention.

58 pupils, three months, school-based exergaming

Anincrease in physical self-concept (self-assessment of strength,
endurance, and agility); the positive emotional experience of gaming
improves attitudes towards movement - indirectly supports higher levels
of physical activity.

Seven-week intervention (16 schools —

Gamified programme with exergaming intervention; 2 schools — control

cards/sensors (active travel

to school) awarded for sensor check-ins).

group), “outdoor game"” (walking/cycling, points

Anincrease in the proportion of children achieving the recommended level
of physical activity and a higher frequency of active travel to school -
digital activity tracking combined with game mechanics changes daily

behaviour, not only participation in physical education lessons.

Edmodo social network +
gamification of the physical
education course

Ten teachers and 56 pupils (secondary school),

via Edmodo.

gamified Physical Education (PE) course delivered

Pupils received points/badges for physical activity and took part in
challenges; both pupils and teachers positively evaluated the platform,
and a high impact on the promoation of physical activity outside lessons was
noted > demonstrates how a social network can support home-based
and extracurricular physical activity.

Wearable activity trackers
(wearables)

Cross-sectional survey of 1,087 school staff,
describing practices of using activity trackers.

Used during physical education lessons, throughout the school day,
in “movement breaks”, for step challenges, and for teaching children how
tointerpret their own data. The majority of staff were willing to continue
using trackers to increase physical activity.

Exergame-based training
sessions exergame-based training three times a week,

control group — usual physical activity.

Randomised controlled study (primary school):
68 children, eight weeks; experimental group —

After eight weeks in the experimental group, there was a significant
improvement in 800 m running time (cardiorespiratory endurance)
and in muscular endurance indicators (sit-ups) compared
with the control group.

Source: compiled by the authors based on EJ. Montiel-Ruiz et al. (2022), S. Ketelhut et al. (2022), A.V. Creaser et al. (2022), B. Lambi et

al. (2022), L. Roglin et al. (2024), C.E. Lin et al. (2025)

Online physical education highlights the dual nature of
the digital educational environment’s impact on pupils’ lev-
els of physical activity. A summary of the results obtained
in the context of the COVID-19 pandemic shows that the
transition to remote formats was accompanied by a de-
crease in the overall level of physical activity and a deterio-
ration in the physical fitness of schoolchildren, particularly
when theoretical or formal online classes predominated
(Knoke et al., 2024). Structured online physical education
programmes using video lessons, interactive tasks and ac-
tivity monitoring tools have been shown to reduce the neg-
ative effects of lockdowns and partially preserve or improve
certain components of physical fitness (Merino-Campos &
Del-Castillo, 2025). The potential of such platforms (such as

Edmodo, Zoom, Google Meet) is realised under conditions
of adequate technical support, a clear pedagogical lesson
plan, and consideration of the ethical aspects of online inter-
action, while common limitations remain unequal access to
the internet and devices for pupils, difficulties in monitoring
actual levels of physical activity in the home environment,
and additional workload for teachers (Gao et al., 2025).

In the context of Ukrainian physical education for
pupils in general secondary education, the issue of dig-
italisation is considered primarily in the broader context
of educational innovation and the use of information and
communication technologies. Multimedia tools, interac-
tive forms of work, online resources, and electronic educa-
tional platforms can increase pupils’ motivation to engage
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in physical education, promote the individualisation of
learning, and expand opportunities for independent physi-
cal activity (Yazlovetska, 2022; Kuzmenko, 2022). However,
specific models of online physical education, with a struc-
tured description of the use of platforms such as Zoom,
Google Meet or Edmodo in the context of systematic
school physical education programmes, are generally not
detailed. This indicates a gap between the general recogni-
tion of the usefulness of digital tools in physical culture and
the lack of theoretically described and empirically verified
Ukrainian practices of online physical education. This pro-
vides grounds for viewing online formats in school physical
education as a promising yet still insufficiently conceptual-
ised area. On the one hand, the digital environment creates
additional opportunities to support continuity in physical
education and to extend the space of physical activity be-
yond the sports hall; on the other hand, the effectiveness
of such solutions directly depends on how clearly they are
embedded in the pedagogical model of the lesson, aligned
with normative requirements and oriented towards achiev-
ing target levels of pupils’ physical activity.

A key condition for the effective use of digital tech-
nologies in physical education is the appropriate level of
digital and methodological competence of the teacher. The
introduction of innovative tools requires the teacher to be
ready to design digital lessons, select adequate resources,
differentiate the workload and ensure safe work in online
and offline environments (Martin-Rodriguez & Madri-
gal-Cerezo, 2025). A significant methodological require-
ment is to maintain a sufficient motor component of the
lesson: digital tools should stimulate and organise physical
activity, not replace it. This is advisable for online phys-
ical education and mixed formats, where there is a risk
of reducing the lesson to watching videos or taking tests
(Merino-Campos & Del-Castillo, 2025; Gao et al., 2025).
Exergames, wearable trackers, and gamified platforms are
effective when their use is linked to clear targets for the
volume and intensity of physical activity and integrated
into the structure of the lesson or extracurricular activities
as a systematic rather than episodic element (Creaser et
al., 2022; Roglin et al., 2024). Accordingly, digital tech-
nologies should be designed as a tool for achieving these
goals, rather than as a distraction from them.

Alongside the advantages of using digital technologies
in physical education, a number of risks and limitations also
emerge. One of the most obvious is the threat of increased
screen time, which runs counter to the objective of reduc-
ing sedentary behaviour: without a carefully designed bal-
ance between “screen-based” and movement components,
a lesson may turn into yet another seated activity (Lambe et
al., 2022; Knoke et al., 2024). A significant problem is un-
equal access to devices and high-quality internet connec-
tivity, particularly in the context of distance learning and
the use of online physical education. Digital inequality can
exacerbate educational disparities by limiting participation
in programmes based on exergames, trackers or gamified
platforms (Lambe et al., 2022; Knoke et al., 2024). A sepa-
rate group of risks relates to the reliability and interpreta-
tion of data from wearable devices: formal task completion,
manipulation of trackers or misinterpretation of indicators
may occur, which reduces the educational potential of such
tools (Creaser et al., 2022; Montiel-Ruiz et al., 2022). In

addition, issues of privacy and the protection of pupils per-
sonal data arise, especially when commercial platforms and
cloud services are used. Finally, there is a risk of formalism,
whereby a digital tool is introduced primarily to demon-
strate “innovation” without any real change in lesson con-
tent or teaching methods. In such cases, the impact on
actual levels of physical activity remains minimal, and dig-
italisation takes the form of superficial modernisation not
supported by deeper didactic change (Martin-Rodriguez &
Madrigal-Cerezo, 2025).

On the basis of synthesising research findings, digital
technologies in the physical education of pupils in gener-
al secondary education institutions can appropriately be
considered within a conceptual “input-process-outcomes”
model, which integrates the approaches of health promo-
tion (orientation towards creating a supportive education-
al environment, expanding learners’ opportunities and
involving them in decision-making) and technology-en-
hanced pedagogy (the use of digital tools for personalised
learning, active participation, feedback and monitoring).
Within this model, digital tools are not an end in them-
selves but are viewed as resources that activate specific
mechanisms for changing pupils' movement behaviour.
The “input” block comprises three interrelated groups of
components: the main groups of digital tools (exergames,
wearable trackers, gamified platforms, online physical ed-
ucation and blended formats), regulatory and normative
reference points (the State Standard and WHO recommen-
dations on physical activity for children and adolescents),
and pedagogical conditions of implementation (teach-
ers digital and methodological competence, material and
technical resources, and organisational support from the
educational institution). In the logic of health promotion,
this combination forms a “physical-activity-supportive
environment’, while in the logic of technology-enhanced
pedagogy it constitutes the infrastructure for implement-
ing active, personalised and data-informed learning. It is
precisely the configuration of these “input” elements that
determines which “process” mechanisms can be activated
and how effectively they operate: for example, the availa-
bility of wearable trackers without an analytical platform
and pedagogical support limits opportunities for self-mon-
itoring and reflection, while access to exergames without
school support and appropriate spatial organisation does
not ensure a systematic increase in physical activity.

The “process” of integration reflects the mechanisms
through which “input” resources are transformed into
behavioural changes. Exergames and gamified platforms,
drawing on the principles of technology-enhanced ped-
agogy, increase both intrinsic and extrinsic motivation
through game mechanics (levels, points, badges, leader-
boards, challenges) and social comparison. This aligns
with health promotion ideas regarding active participation
and peer support among pupils. Wearable trackers and
analytical platforms facilitate self-monitoring, the setting
of individual goals, and immediate feedback, creating the
conditions for developing self-regulation skills in physical
activity. Online PE, digital media, and social networks ex-
pand the space for physical activity beyond the lesson: they
support the regularity of exercise in remote and blended
formats, structure extracurricular challenges, and fos-
ter networked communities oriented towards an active
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lifestyle. Furthermore, video and interactive content sup-
port the teaching of movement techniques and the acquisi-
tion of theoretical knowledge, which enhances the quality
of exercise execution and the mindfulness of motor behav-
iour. The effectiveness of these mechanisms depends on
the degree of their organic integration into the structure of
lessons and extracurricular activities, their alignment with
educational programmes, and the teacher’s ability to imple-
ment technology-supported pedagogical design.

At the “outcome” level, the model distinguishes be-
tween direct, indirect, and long-term effects. The activation
of the described “process” mechanisms leads directly to an
increase in time spent in moderate-to-vigorous physical ac-
tivity, improved physical fitness indicators, and increased
participation in physical and sporting events. Indirectly,
through the experience of success, social support, the abil-
ity to track one’s own progress, and the receipt of positive
reinforcement, a positive attitude towards physical educa-
tion is formed, physical self-concept is enhanced, self-reg-
ulation skills for physical activity are developed, and pupils’
health-preserving competence is strengthened. In the long
term, in line with the logic of health promotion, such inte-
gration of digital technologies contributes to a more stable
alignment with international recommendations regarding
physical activity levels and the formation of the founda-
tions for an active lifestyle throughout the life cycle (Fig. 1).

Input
(digital tools, regulatory and legal guidelines, pedagogical conditions for
implementation)

Process
(increasing motivation, self-monitoring and real-time feedback,
expanding the space for activity beyond the lesson, learning movement
techniques and theoretical knowledge)
L 2
Outcomes
(direct, indirect, long-term effects)

Figure 1. Conceptual model of the integration of
digital technologies into the physical education of
general secondary education pupils (“input — process —
outcomes”) within the framework of the health promotion
and technology-enhanced pedagogy approaches
Source: compiled by the authors based on World Health
Organization (2020), EJ. Montiel-Ruiz et al. (2022), C. Knoke et
al. (2024), C. Merino-Campos & H. Del-Castillo (2025),

A. Martin-Rodriguez & R. Madrigal-Cerezo (2025)

The proposed model can be applied not only to physi-
cal education lessons but also to the school sport system as
a whole, including the work of sports clubs, the preparation
of teams for competitions, and the organisation of school
and interschool tournaments. Thus, digital technologies in
the physical education of general secondary education pu-
pils demonstrate a significant but heterogeneous potential
to influence levels of physical activity. Exergames combine
a high level of physical load with an engaging game-based
format, positively affecting physical fitness and self-per-
ception; wearable trackers and related platforms provide
monitoring, self-control, and goal setting; and gamified
programmes and social services help shift the focus from

the lesson itself to everyday movement behaviour. Online
formats of physical education support continuity of learn-
ing in conditions of distance education; however, their
effectiveness in maintaining adequate levels of physical
activity depends on the quality of pedagogical design. Of
decisive importance is the alignment of digital solutions
with the aims of the field of Physical Culture and Sport,
their consistency with the recommendations of the WHO,
teacher competence, and the resources of the educational
institution. Thus, digital technologies should be regarded
as tools for the purposeful enhancement of pupils’ physical
activity both during lessons and in extracurricular sports
and health-related activities.

The results of the study indicate that the proposed
classification of digital technologies (exergames, wearable
trackers, digital monitoring platforms) and the “input-pro-
cess-outcomes” model, in which monitoring mechanisms,
individualisation of load, and feedback play a key role, re-
flect the logic of their practical application in physical ed-
ucation. In the study by Q. Zhong et al. (2025), it is shown
that “digital-intelligent technologies” form a closed cycle in
physical education: intelligent lesson design, real-time vis-
ualisation of the process, and data-driven assessment and
adjustment. This correlates with the findings of the pres-
ent study, which demonstrate that digital monitoring plat-
forms and wearable devices that collect activity data enable
the tracking of dynamics, goal setting, and adjustment of
physical load. In both cases, digital tools are viewed not as
an “addition to the lesson” but as the core of a new, more
controllable and personalised model of physical education.
This confirms the appropriateness of the systematic use of
digital technologies as a structure-forming element of mod-
ern school physical education in the twenty-first century.

In the study by V. Tagimaucia et al. (2024), online phys-
ical education is examined through the lens of teachers’
experiences who were forced to switch to online formats
during COVID-19 lockdowns. The authors showed that in-
sufficient teacher preparation, a lack of online pedagogical
skills, and limited infrastructure constitute key barriers to
high-quality distance teaching of physical education. With-
out targeted development of teachers’ digital and meth-
odological competence, as well as adequate material and
technical support, the potential of online formats is only
partially realised. The results obtained in the present study
are consistent with these conclusions: digital solutions in
physical education prove effective only when the teacher
designs the lesson in such a way that screen-based com-
ponents organise real motor activity rather than replace it,
and when the risks of increased screen time, digital ine-
quality, and the formal use of platforms as a mere “demon-
stration of innovativeness” are addressed. The transition to
online formats in itself does not guarantee the achievement
of target levels of pupils” physical activity unless it is accom-
panied by systematic teacher support and well-considered
pedagogical design of lessons.

The results of the study established that gamified pro-
grammes and social networks (challenges, points, leader-
boards, badges, online communities) stimulate everyday
movement behaviour (travel to school, extracurricular ac-
tivity) and support motivation, which is consistent with the
work of V. Arufe-Giraldez et al. (2022). The authors sum-
marised the experience of gamification in school physical
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education, showing that the use of game elements (narra-
tive, levels, rewards) enhances pupils’ engagement, interest,
and satisfaction with physical education lessons, while the
effect of gamification depends on the quality of pedagogical
design. Both studies indicate that gamification is not “auto-
matically” effective; however, when competently embedded
into the structure of lessons and extracurricular activities,
it significantly strengthens the motivational component
and pupils’ readiness to be physically active.

In the systematic review by C. Wang et al. (2023), blend-
ed learning in physical education is analysed as a promis-
ing but methodologically complex approach. The authors
synthesise tools, theoretical frameworks, and assessment
methods and show that combining online and offline com-
ponents can increase pupil engagement, flexibility, and con-
tinuity of learning, but is not automatically effective. Key
conditions for the effectiveness of blended formats include
clear instructional design, a sufficient level of teachers’ dig-
ital skills, and support for pupils’ self-regulation. The find-
ings of the present study resonate with these conclusions:
online and blended formats in Ukrainian school physical
education are viewed as a promising yet still insufficient-
ly conceptualised direction, the effectiveness of which de-
pends on the quality of integration into the pedagogical
model of the lesson and alignment with the requirements
of the State Standard and the recommendations of the
WHO regarding 60 minutes of moderate-to-vigorous phys-
ical activity per day. Blended learning in physical education
is effective only when supported by thoughtful pedagogical
design and orientation towards the goals of the State Stand-
ard and WHO recommendations. Thus, digital technolo-
gies in the physical education of general secondary educa-
tion pupils have a substantial but heterogeneous potential
to increase levels of physical activity and motivation - from
exergames and wearable trackers to gamified programmes
and online formats. Their real effect is determined not so
much by the fact of digitalisation itself as by the quality of
pedagogical design, compliance with regulatory documents
in the field of physical education, their use as tools for the
purposeful enhancement of pupils’ motor engagement,
teacher competence, and the mitigation of risks related to
excessive screen time, digital inequality, and formalism.

Conclusions
The results of the study revealed that formally allocated
physical education hours create only minimal conditions
for health preservation and, without additional tools, par-
ticularly digital ones, do not provide the recommended 60
minutes of activity per day. A classification of digital tools
for school physical education has been developed, cover-
ing active video games, wearable devices, online platforms,
gamified services, and systems for collecting and analysing

data on physical activity. Exergames in the form of educa-
tional interventions provide sufficient intensity of exercise
and contribute to the growth of endurance, strength and
coordination indicators in younger schoolchildren. Regu-
lar use of active video games is associated with improved
physical self-concept and a more positive attitude towards
physical education among pupils. Gamified programmes
and social networks stimulate not only activity in the class-
room, but also daily physical behaviour, including active
commuting to school and extracurricular activities. Online
and blended formats of physical education can prevent a
sharp decline in physical activity during distance learning,
but only if they are well designed pedagogically and ade-
quately supported by technology. In Ukraine, online physi-
cal education is still largely fragmented and requires further
theoretical justification and standardisation of practices.

The effectiveness and safety of using digital technol-
ogies in physical education depend on the teacher’s high
digital and methodological competence and avoiding the
risks of excessive screen time, digital inequality and data
privacy violations. A conceptual model of “input-pro-
cess-outcomes” has been proposed, in which the “input”
stage combines a reasoned choice of digital tools, com-
pliance with national and international regulatory docu-
ments, and resource support for the educational institu-
tion, while the “process” of integration is implemented
through gamification, self-control, operational feedback,
social interaction, and individualisation of workload. The
systematic use of such technologies increases the propor-
tion of pupils who achieve target levels of physical activity
and better physical fitness results, so digital tools should
be seen as a means of purposefully shaping an active life-
style rather than a formal marker of innovation. The lim-
itations of the study are its theoretical and review nature
and the lack of empirical data, which complicates the di-
rect extrapolation of conclusions to the Ukrainian context.
Prospects for further research should be directed towards
conducting an empirical assessment of the effectiveness of
digital solutions in the physical education of the general
secondary school pupils, developing methodological rec-
ommendations and programmes for teacher training, as
well as analysing the ethical and legal aspects of the use of
digital data, particularly in Ukraine.
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AHoTauif. Metowo RoCIipKeHHs Oy/I0 POSKPUTI TEOPETHUHI 3acafiy iHTerparil eIeKTPOHHMX OCBIiTHIX mmardopm i
MOOITPHIX CepBICiB y UIKibHI 3aHATTs 3 (QiSUIHOI KYIBTYPM AJIsI OKPECTIEHHSI IX MOX/IMBOCTI 110710 IOCHIEHHSI PYXOBOI
3aJTy4eHOCTi IKO/LIpiB. MeTomonoris 6asyBanach Ha IOETHAHHI TEOPETUYHOTO aHaIi3y, HOPMAaTUBHO-IIPaBOBOTO MiIXONY
Ta KOHLIENTYaJTbHOTO MOJIeMIOBaHHA. BUABIIEHO, 1110 OCHOBHMMM IHCTPyMeHTaMM IM(POBUX TEXHONOTINI € exergames,
¢iTHec-Tpekepy, OHIANH-YPOKY, reiiMidikoBaHi Iporpamm, couMepexi Ta IIaTGOpPMU MOHITOPUHIY aKTMBHOCTI.
Exergames, HocuMmi Tpekepu Ta reiimidikartis 3abe3mnedyoThb JOCTaTHIO iIHTEHCHBHICTD HABaHTaXXeHHS, JAIOTh 00 €KTUBHI
TaHi /711 CAMOKOHTPOJIO i1 TIOCTAHOBKIY IIifell Ta CTUMYIIOIOTD IOA€HHY PYXOBY aKTMBHICTD yuHiB. OHmaiH-popmaTn
(isMIHOTrO BUXOBAaHHS YaCTKOBO KOMIIEHCYIOTb 3HVDKEHHS PYX/IMBOCTI Mifl Yac AUCTAHIITHOTO HAaBYaHHs, SKIIIO MAIOTh
npoayMaHuii megaroriuumit gusaiiu. [ludposi menia B konuenuiihealth promotion BUKOpucTOBYIOTHCS 151 TpOdiTak TUKM
rimopguHaMii Ta HaOMVDKeHH:A YYHIB O peKOMEHJOBAHUX PiBHIB pyXoBoi akTMBHOCTL. ¥ Mexax technology-enhanced
pedagogy 1udposi 3acobu iHmUBiAyanisyIOTh HaBaHTA)XXEHHSA, IOKPAIIYIOTb 3aCBOEHHA PYXOBUX [ill i pO3IIMPIOIOTH
IIPOCTip aKTUMBHOCTI 1032 IIKO/IOI0. BcTaHOBIIEHO, 110 pe3ynbTaTaMy iHTerpanii ¢ poBUX TEXHOJIOTIN € 3pOCTaHHA Yacy
NOMipHOI/BICOKOI aKTMBHOCTI, IIOKpaljeHHA (Pi3n4yHOI MiATOTOBIEHOCTI, MOTMBALl, caMOpery/LAnii Ta O3UTUBHOIO
cTaB/IeHHs 70 (isnaHOl KynbTypu. EQeKTUBHICTD i pU3MKU 3a/IeXaTh Bifi KOMIIETEHTHOCTI BUMTe/s, MaTepianbHOI 6asi,
OpraHi3alifHol MATPUMKHY, @ TAKOXK Bifi KOHTPOJII0 €KPAHHOTO Yacy, 1ndpoBoi HepiBHOCTI it KOHPIZEHLINTHOCTI TaHNUX.
3aIpOIIOHOBAHO KOHLIENTYaIbHY MOJIeNb «BXiJj — IIPOILIeC — Pe3y/IbTaTu», e Ha «BXOAi» — TMIM IU(POBUX TEXHOIOTIN,
HOPMATUBHI OPi€HTUPM 11 YMOBMU peajisaliil, y «IIpoleci» — MOTUBAlLliliHi, OpraHisaljiiiHi Ta MOHITOPMHIOBI MeXaHi3MNI
BIUIMBY, & B «PE€3y/IbTaTaX» — 3MiHU (l)ismqﬂo'i AKTUMBHOCTI Ta CTaBJIEHHA 10 (1)131/1‘{1-[0'1' KynbTypu. [IpakTidna sHauymicTh
OJIATAE B TOMY, IIJO Pe3y/IbTaTH JOL/IbHO 3aCTOCOBYBATY BUMTE/IAM (Pi3MYHOI KY/ILTYPU Ta METOIMCTAM UL IVIaHYBaHHA
3aHSATD, CIPSIMOBAHNX HA MiABUIeHHs (isMIHOI aKTMBHOCTI I MOTUBALi YUHIB

Kntouosi cnoBa: exergames; Hocumi Tpekepy; reiimipikoBani Imargopmy; OHIAiH-HaBYaHHS CIOPTY; MOTMBALIis
LIKOJIAPiB; PyXOBa aKTUBHICTh
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Abstract. The aim of the study - a comprehensive investigation of the impact of regular aerobics classes on the physical
and functional state of people in different age categories, taking into account age-specific adaptation mechanisms,
the features of load structuring, and the nature of physiological responses. Assessment was carried out on the basis of
indicators of heart rate, arterial blood pressure, vital capacity of the lungs, results of the 6-minute walk test, the Training
Impulse index, as well as the World Health Organisation Quality of Life — Brief Version questionnaire, using Student’s
t test, the Mann-Whitney U test, correlation analysis, and 95% confidence intervals. The results showed a statistically
significant improvement in functional indicators in all groups: resting heart rate decreased from -4.2 beats/min in the
young group to -1.4 beats/min in the older group; the 6-minute test distance increased by 60, 55, and 30 metres, respectively
(p=0.033). The mean Training Impulse values were 102, 88, and 74 conventional units, which indicated different training
sensitivity. Correlation analysis confirmed the leading role of the training impulse in the formation of adaptive changes
(r=0.62 in the young group; p <0.01). According to the World Health Organisation Quality of Life — Brief Version, the
greatest improvement was observed in the physical and psychological domains in the young and middle-aged groups,
whereas in older participants the effects were moderate but clinically meaningful (A of the physical domain = +4.6).
The obtained results indicate the effectiveness of structured aerobics programmes for different age categories and
emphasise the need to personalise training intensity, especially in older people. The study data may be used to optimise
health-improvement programmes, develop safe aquaaerobics formats, and improve the population’s quality of life

Keywords: endurance; training impulse; quality of life; cardiorespiratory indicators; health-improvement programmes

Introduction

The relevance of the study was determined by the grow-
ing need for a scientific understanding of the impact of
systematic aerobics classes on the physical and functional
state of people of different ages under contemporary demo-
graphic, social, and biomedical challenges. In the context
of population ageing, increasing prevalence of physical in-
activity, metabolic disorders, and cardiovascular diseases,
regular physical activity acquired the status of one of the
key tools for prevention and health maintenance. Aerobic
forms of load were considered the most accessible, safe, and
effective for different age groups, as these forms provided a
comprehensive effect on the cardiorespiratory system, the

musculoskeletal system, metabolic processes, and psy-
cho-emotional state. The issue of optimising aerobic pro-
grammes became more acute given the increasing number
of people with excess body weight, multimorbidity, and a
low level of physical fitness, which required the develop-
ment of individualised approaches to training regimes.

In scientific discourse, the question of the impact of
aerobic training on physical development and functional
indicators of people of different ages received broad cov-
erage, which, however, was unevenly distributed across age
groups and types of load, creating a need to systematise the
available data. In the work by E. Doroshenko et al. (2021),
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it was shown that differentiated aerobic loads in female stu-
dents with different motor fitness contributed to improve-
ments in physical working capacity, coordination abilities,
and the body’s adaptive capabilities; however, the authors
emphasised the need for individual adjustment of training
intensity depending on the baseline functional state. Simi-
lar conclusions were presented by V.M. Miroshnichenko et
al. (2021), who showed a positive impact of aquafitness on
the functional state of women in the first period of mature
age, especially regarding endurance, resting heart rate, and
respiratory system indicators, which indicated the effec-
tiveness of the aquatic environment in reducing load on the
musculoskeletal system. For the 40-60 age group, T. Gnitet-
ska et al. (2021) established a slowing of the pace of biolog-
ical ageing under the influence of systematic athletics and
fitness classes, which confirmed the importance of aerobic
loads as a means of preserving functional activity, main-
taining joint mobility, and preventing sarcopenia.

Among studies in older age, a special place was oc-
cupied by works aimed at assessing the impact of aero-
bic programmes on vital functions of the body. N. Mei &
Y. Chang (2022) demonstrated a significant improvement
in physiological indicators in older people after the imple-
mentation of structured aerobics classes, in particular in-
creased tolerance to physical loads, stabilisation of arterial
blood pressure, improved balance, and reduced risk of falls,
which was critically important in gerontological practice.
In a randomised controlled study, Y.P. Lo (2021) established
a positive effect of individualised aerobic training on phys-
ical activity and overall physical fitness among people with
multimorbidity, which emphasised the clinical significance
of adapted aerobic programmes and the need to include
these programmes in rehabilitation protocols. Summaris-
ing the results of numerous studies, D. Visser et al. (2022),
in a systematic review, confirmed the effectiveness of aer-
obic training for improving cardiorespiratory endurance
in vulnerable older groups; however, the researchers drew
attention to differing effectiveness depending on the inten-
sity, frequency, and duration of load, which indicated the
importance of scientifically grounded dosing of exercises.

A separate line of research concerned the psychologi-
cal and social dimensions of the impact of aerobic classes,
since in older age quality of life was determined not only by
physical condition, but also by emotional stability and social
activity. A. Shams et al. (2021) noted that systematic aerobic
exercises not only improved physical condition, but also sig-
nificantly increased psychological well-being, self-esteem,
the level of social involvement, and the quality of life of old-
er people, which expanded the understanding of the role
of aerobics as a comprehensive health-improvement factor.
In the work by E. Sanchis-Gomar et al. (2025), the mecha-
nisms of cardiovascular adaptation to aerobic loads and the
dependence of the effect on internal and external factors
were analysed in detail, which demonstrated the multi-vec-
tor nature of the impact of these classes and confirmed the
preventive value in the context of cardiovascular diseases.

In patients with metabolic disorders, aerobic pro-
grammes were often combined with dietary interventions to
achieve a comprehensive therapeutic effect. S.B. Al-Mhan-
na et al. (2023) confirmed that combining aerobics class-
es with nutritional correction significantly improved car-
diometabolic indicators in patients with obesity and type

II diabetes mellitus, reducing insulin resistance and body
weight. For sedentary older people, W. Zhang et al. (2024)
established the effectiveness of both purely aerobic and
combined aerobic-strength programmes in improving
motor functions, coordination, and walking speed, which
emphasised the importance of variability in training effects
and combining different class structures depending on the
needs of the target group.

Thus, contemporary scientific data indicated that aer-
obic loads had considerable potential in improving the
physical, functional, and psycho-emotional state of people
of different ages; however, unresolved questions remained
regarding optimal intensity, individualisation of training
programmes, and determining the age specificity of the
body’s adaptive responses. This formed the need for further
research aimed at clarifying the mechanisms of action of
aerobic loads and developing scientifically grounded rec-
ommendations for different age categories. The aim of this
study was a comprehensive examination of the impact of
systematic aerobics classes on indicators of the physical and
functional states of people of different ages, taking into ac-
count age-related differences in adaptation, load structure,
and the nature of physiological responses.

Materials and Methods

The study was conducted from October 2024 to June 2025
on the basis of three specialised sports and health facilities
in the city of Kyiv: the SportLife (n.d.) fitness club “Pozni-
aki’, the 5 Element (n.d.) club, and the Olympic Style (n.d.)
rehabilitation centre. The selection of these institutions was
determined by the availability of a modern material base,
swimming pools with a water temperature of 27-29°C, car-
dio training equipment, and certified instructors, which
ensured standardised conditions of the training process.
The study was conducted in the morning hours between
9:00 and 12:00 to minimise diurnal fluctuations in physio-
logical indicators.

The sample was formed on the principle of non-ran-
dom voluntary participation, which was typical for inter-
vention studies in the field of health-improvement physical
culture. The study included 120 people aged 18-70 years,
evenly distributed into three age groups: young (18-35
years, n=40), middle (36-55 years, n=40), and older (56-
70 years, n=40). The sex composition of the sample com-
prised 82 women and 38 men, which reflected the structure
of participants in the health-improvement programmes of
these centres. The occupational structure of the sample in-
cluded mainly employed people with a sedentary nature of
work (office workers, teachers, service sector representa-
tives), which ensured representativeness for typical attend-
ees of health-improvement programmes. Inclusion crite-
ria were the ability to perform physical loads of moderate
intensity, absence of acute diseases, and signed informed
consent. Exclusion criteria were decompensated cardio-
vascular pathologies, severe musculoskeletal injuries, and
other medical contraindications. Primary medical exami-
nation was conducted by a sports medicine physician, with
an electrocardiographic assessment of the state of the car-
diovascular system at rest.

The intervention lasted 12 weeks and included three
training sessions per week lasting 45-60 minutes. The
structure of the session included an introductory part
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(10 minutes), the main aerobic block (30-40 minutes),
and a final stage (5-10 minutes). In the land-based format,
classical aerobics with musical accompaniment frequency
of 120-140 beats/min and step aerobics with a platform of
10-20 cm were used, which increased energy expenditure.
For the older group, aquaaerobics was used in the pools
of SportLife (n.d.) “Pozniaki” and 5 Element (n.d.), which
reduced impact load on the joints and ensured safe condi-
tions for people with reduced tolerance to physical load.
Load control was carried out using Polar H10 heart
rate monitors (Finland) with continuous HR recording and
the subjective perceived exertion scale by G. Borg (1998).
For a quantitative characterisation of training volume, the
Training Impulse (TRIMP) indicator was used - a metric
for measuring load and stress on the body during training,
which took into account the duration and intensity of load,
conceptually grounded in Banister’s integral load model
(Banister, 1991). TRIMP was calculated as the product of
training duration (min) and an intensity coefficient based on
the percentage of maximal heart rate (HRmax), which cor-
responded to the classical E.W. Banister (1991) formula (1):
TRIMP=txHR xy, (1)
where ¢ — duration of the training session (min); HR, - rel-
ative heart rate, calculated as (2):

HRE.X_HRT'ESt
HRmax—HRyest’

HR, = (2)
where HR - average heart rate during training; HR , -
resting heart rate; HR - individually determined maxi-
mal heart rate; y — intensity weighting factor reflecting the
non-linear physiological response to load and determined

exponentially:
for men (3):

y=0.64 x g"9>HRr, (3)
for women (4):

y=0.86 x e"o7<Hkr, (4)

Assessment of physical state was conducted before and
after the programme and included measurement of rest-
ing HR, arterial blood pressure, vital capacity of the lungs

using the portable spirometer MicroLab ML350 (United
Kingdom), performance of the 6-minute walk test, anthro-
pometric indicators, the “sit-to-stand” test, and balance
assessment. Quality of life was determined using the stand-
ardised World Health Organisation Quality of Life — Brief
Version (WHOQOL-BREF) questionnaire (The WHO-
QOL Group, 1998). The ethical processing of questionnaire
data was ensured in accordance with the Code of Ethics of
the American Sociological Association (1997).

Statistical data processing was carried out in IBM SPSS
Statistics 28.0 using Student’s ¢ test for independent samples
(p<0.05), the Mann-Whitney U test for non-parametric in-
dicators, and calculation of 95% confidence intervals. Nor-
mality of distribution was checked using the Shapiro-Wilk
test. The choice of parametric and non-parametric analy-
sis methods was justified by the nature of the data: under
normal distribution, Student’s ¢ test was used, and in case
of its violation - the Mann-Whitney U test, which ensured
the correctness of statistical conclusions. Ethical aspects of
the study complied with international and national norms:
the principles of the Declaration of Helsinki (2013), the
provisions of clinical practice guidelines ICH E6(R2) good
clinical practice (1997), the recommendations of the Euro-
pean Commission (2021), and the International Code ICC/
ESOMAR (2025). All participants signed written informed
consent, and confidentiality was ensured through anony-
misation and the use of data in aggregated form.

Results and Discussion

At the initial stage, the analysis covered the baseline func-
tional status of participants in three age groups, which
made it possible to determine basic differences in cardi-
orespiratory and physical parameters. A clear age-related
gradation of endurance and respiratory function indicators
was recorded: the younger group demonstrated the highest
values of vital capacity of the lungs and the results of the
6-minute walk test, whereas in the older group a substantial
decrease in these indicators was observed. Similar trends of
age-related decline in aerobic performance were described
in X. Bai et al. (2022), which confirmed the typicality of the
obtained values for the population of health-programme
participants. Table 1 summarised the baseline character-
istics of the sample, demonstrating a gradual decrease in
functional potential with age and the formation of different
adaptive capacities.

Table 1. Baseline characteristics of the sample by age groups (M + SD)

Indicator Young age (18-35 years, n=40) Middle age (36-55 years, n=40) Older age (56-70 years, n=40) pvalue
Resting HR (beats/min) 71458 75.6+6.2 80.3:6.9 0.067
Systolic BP (mmHg) 118+9 12611 138+14 0.054
Diastolic BP (mmHg) Th+6 797 84+8 0.072
VC(I) 4105 3404 29+03 0.081
6-minute walk test (m) 61542 545+ 48 495+52 0.063
BMI (kg/m?) 23824 26.7+3.1 28.4+36 0.088

Source: compiled by the authors on the basis of the obtained study data and statistical processing in IBM SPSS Statistics 28.0 (IBM, 2021)

As Table 1 shows, the baseline indicators of the three
age groups demonstrated a clear gradation of function-
al state in accordance with age-related changes. The low-
est resting HR values were recorded in the young group
(71.4 + 5.8 beats/min), whereas in older individuals this

indicator was substantially higher (80.3 + 6.9 beats/min),
which was consistent with the trend described in X. Bai et
al. (2022) of increased heart rate at older age due to reduced
efficiency of cardiac output and autonomic regulation. Sys-
tolic and diastolic blood pressure increased gradually: from
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118/74 mmHg in young participants to 138/84 mmHg in
older participants, which confirmed the age-related in-
crease in vascular resistance and arterial wall stiffness de-
scribed by L. Yao et al. (2021).

Vital capacity of the lungs showed the largest gap
between groups: 4.1 + 0.5 1 in young participants versus
2.9+0.3 ] in older participants, which was consistent with
the data of Y. Lu et al. (2021), who pointed to a decline
in the elasticity of lung tissue and a reduction in alveolar
ventilation with age. The results of the 6-minute walk test
showed an analogous trend: young participants covered
an average of 615 m, whereas in the older group the mean
value was 495 m, which confirmed a substantial decline in
load tolerance and overall aerobic work capacity described
in X. Bai et al. (2022) for older individuals who did not en-
gage in systematic training.

Body mass index increased from 23.8 +2.4 kg/m? in
young participants to 28.4+ 3.6 kg/m?*in older participants,
which corresponded to the trend of age-related body-mass
accumulation and changes in body composition noted by
L. Yao et al. (2021). At the same time, statistical analysis did
not reveal significant differences between groups for any
of the indicators (p > 0.05), which allowed the sample to
be considered homogeneous in terms of key physiological
parameters. A similar situation was described in Y. Lu et
al. (2021), where, despite differences in mean values across
age groups, statistical homogeneity ensured the correctness
of subsequent comparisons of training response.

The obtained results indicated a clearly formed age tra-
jectory of changes in cardiorespiratory and anthropometric
parameters, characteristic of populations engaged in health
programmes. In the older group, a persistent increase in

resting heart rate and blood pressure was observed, com-
bined with a decrease in vital capacity of the lungs and en-
durance indicators, whereas in younger participants higher
ventilatory capacities and better results of the 6-minute
walk test were recorded. Similar age patterns were pre-
sented in X. Bai et al. (2022) for older individuals and in
Y. Lu et al. (2021) regarding young people with baseline
aerobic fitness, which confirmed the representativeness of
the obtained values. The increase in BMI and the tendency
towards higher blood pressure in the middle and older age
groups were consistent with the data of L. Yao et al. (2021),
who linked these changes to reduced physical activity and
the accumulation of metabolic risks.

In addition, the results were consistent with the con-
clusions of Q. You et al. (2022), which showed that age-re-
lated decline in vascular endothelial function directly cor-
related with reduced aerobic performance and tolerance to
physical loads, which could explain the lower endurance
and VC values in older participants. This confirmed that
the identified baseline characteristics were not random,
but reflected systemic physiological changes associated
with age. In summary, the baseline results demonstrated
the combination of age-related increases in HR and blood
pressure with a decline in ventilatory and endurance ca-
pacities and an increase in body mass, which formed
different adaptive potentials of the groups before the im-
plementation of aerobic loads. After completion of the
12-week programme of combined aerobic loads, positive
changes in cardiorespiratory and functional indicators of
varying intensity were recorded in all three age groups.
Changes in physical and functional indicators after the in-
tervention were presented in Table 2.

Table 2. Changes in physical and functional indicators before and after the experiment

Indicator Young age (n=40) Middle age (n=40) Older age (n=40) pvalue
Resting HR (beats/min) | 71.4+5.8 - 67.2+5.1(Cl 95%:-5.6,-3.1) | 756 6.2 - 72.8+5.7 (C 95%: -4.9,-2.1) | 80.3+6.9 - 78.9+6.5(Cl 95%:-2.8,-0.4) | 0.041
Systolic BP (mmHg) 118+9 - 114+ 8 (Cl 95%: -6.7; -3.4) 126+11 - 120+10(Cl 95%: -7.2;-4.1) | 138+14 - 132+13(Cl 95%:-79,-3.2) | 0.038
Ve (l) 41+05-43+05(C195%: +0.1,+0.3) | 3.4+ 0.4 - 3.7+0.4(C195%: +0.2, +0.4) | 2.9+ 0.3 - 3.1+0.3(CI 95%: +0.1, +0.3) | 0.052
6-minute walk test (m) | 615+ 42 = 675+ 48 (C1 95%: +48; +68) | 545+ 48 — 600+ 52 (Cl 95%: +42; +59) | 495+52 — 52555 (Cl 95%: +22; +39) | 0.033

Source: compiled by the authors on the basis of the obtained study data and statistical processing in IBM SPSS Statistics 28.0 (IBM, 2021)

As the data presented in Table 2 indicated, after the
12-week intervention, a statistically significant improve-
ment in cardiorespiratory and functional indicators was
recorded in all age groups; however, the magnitude of
changes differed depending on age. The greatest reduction
in resting heart rate was observed in the young group (-4.2
beats/min; CI 95%: -5.6; -3.1), which may indicate faster
adaptation of the cardiovascular system to aerobic load.
In middle age, the reduction was moderate (-2.8 beats/
min; CI 95%: -4.9; -2.1), whereas in older participants the
smallest effect was noted (-1.4 beats/min; CI 95%: -2.8;
-0.4), which was consistent with the data of I. Ahmed et
al. (2022) on slower adaptive responses in the older popu-
lation. Systolic blood pressure showed a similar trend: the
largest reduction was observed in the middle-aged group
(-6 mmHg), where the combination of higher baseline hy-
pertensive status and regular load produced a pronounced
effect, which corresponded to the results of S.B. Al-Mhan-
na et al. (2024) regarding the sensitivity of this group to
training influence. In older individuals, the reduction was

-6 mmHg; however, the confidence intervals indicated
wider variability of response. Vital capacity of the lungs
increased in all groups, most in the middle-aged group
(+0.3 1), which confirmed the capacity of the respiratory
system for functional improvement with regular train-
ing activity, as described in Q. You et al. (2022). For the
young and older groups, the increase was smaller (+0.2
and +0.2 1, respectively), which may reflect differences in
baseline ventilatory reserve. The most pronounced chang-
es were recorded in the results of the 6-minute walk test:
young participants improved the indicator by an average
of +60 m, middle-aged participants by +55 m, and old-
er participants by +30 m, which was consistent with the
conclusions of Y. Li et al. (2024) regarding the dependence
of endurance gain on baseline state and age-related phys-
iological limitations. The p value of 0.033 confirmed the
statistical significance of differences in dynamics between
groups. The obtained results also reflected the short-term
training effect described by A. Markov et al. (2022), ac-
cording to which moderate-intensity aerobic programmes
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caused rapid improvement in functional capacities, espe-
cially in younger and more physically active individuals.

According to the results of Student’s ¢ test for paired
samples in the young and middle-aged groups, a statis-
tically significant reduction in resting HR and systolic
blood pressure was recorded (p <0.05), which confirmed
the training effect on the cardiovascular system. In the
older group, some indicators tended to improve; howev-
er, for HR and VC the results were statistically border-
line, which was consistent with the data of I. Ahmed et
al. (2022), where slower adaptation after a period of
low activity was noted. For participants with the great-
est baseline limitations, the use of the Mann-Whitney U
test also confirmed the significance of changes in endur-
ance (p <0.05), which correlated with the conclusions of
S.B. Al-Mhanna et al. (2024) regarding the effectiveness
of combined programmes for individuals with metabolic
disorders. The dynamics of the 6-minute walk test by age
groups were presented in Figure 1.
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Before intervention  m After intervention
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Figure 1. Dynamics
of the 6-minute walk test by age group
Source: compiled by the authors on the basis of the obtained
study data and statistical processing in IBM SPSS Statistics 28.0
(IBM, 2021)

As can be seen from Figure 1, the dynamics of the
6-minute walk test results demonstrated a pronounced
improvement in functional endurance in all age groups
after the intervention. The greatest gain was observed in
the young group: the distance increased from 615 m to
675 m (+60 m), which indicated high training reactivi-
ty and a considerable aerobic reserve. In the middle-aged
group, the increase was somewhat smaller — from 545 m
to 590 m (+45 m), which indicated the effectiveness of the
programme under a moderate baseline level of prepared-
ness. The older group demonstrated the smallest gain -
from 495 m to 525 m (+30 m), which was characteristic of
age-related changes in tolerance to physical load and cor-
responded to the trends described in Q. You et al. (2022)
and Y. Li et al. (2024), where slower adaptation in older
participants was noted. Despite the smaller amplitude of
changes, even a moderate improvement in this group was
clinically meaningful given its impact on quality of life and
functional independence. In summary, the 12-week inter-
vention provided statistically significant improvements in
cardiorespiratory parameters and indicators of overall en-
durance, which confirmed the training effectiveness of the
programme and the correspondence of the obtained results
to patterns described in contemporary studies.

Training load analysis was carried out using the Train-
ing Impulse (TRIMP) indicator, calculated according to
Banister’s formula model (1-4), which made it possible to
quantify the physiological cost of the conducted sessions
and compare the intensity of training influence between
age groups and programme formats. The obtained values
demonstrated a clear age-related gradation of load: the
younger group was characterised by the highest training
impulse, whereas in the older group mean indicators were
substantially lower, which reflected a different cardiovas-
cular response to a training stimulus identical in structure.
Similar trends were noted in A.C.E Marques et al. (2023),
where the intensity and volume of combined training deter-
mined the magnitude of adaptive changes, in particular in
indicators of stability and overall endurance. Table 3 sum-
marised the mean TRIMP values for the three age groups.

Table 3. Mean TRIMP values by age group (M + SD)

Indicator Young age (18-35 years, n=40)

Middle age (36-55 years, n=40)

Older age (56-70 years, n=40) pvalue

TRIMP (conventional units) 102+ 14

88+12 T4+11 0.029

Source: compiled by the authors on the basis of the obtained study data and statistical processing in IBM SPSS Statistics 28.0 (IBM, 2021)

As can be seen from Table 3, the younger group
demonstrated the highest mean training impulse (102 + 14
conventional units), which indicated a greater ability to
maintain high intensity throughout the session. In the mid-
dle-aged group, the TRIMP value was 88 + 12 conventional
units, whereas in the older group, it was 74+ 11 convention-
al units, which confirmed reduced tolerance to load and
cardiovascular reactivity with age. Similar age differences
in the training effect were described in M. Schumann et
al. (2022), where it was noted that combining aerobic and
strength components required different recovery volumes
depending on the age group. Additional analysis compar-
ing training formats showed that water-based sessions were
characterised by a lower training load compared with land-
based sessions (TRIMP: 82 + 13 versus 94 + 15 conventional

units; p = 0.041), which may be associated with reduced
mechanical impact and heart rate in the aquatic environ-
ment due to hydrostatic pressure and reduced gravitational
load. This was consistent with the conclusions of R. Joshi et
al. (2024), which noted that aquatic training formats pro-
vided improvements in balance and coordination at lower
cardiovascular cost, whereas land-based sessions contrib-
uted to a more pronounced development of endurance.
Overall, the obtained results indicated that the intensity
of training influence was highest in younger participants
and decreased with age, which reflected different adaptive
potentials of the cardiovascular system. At the same time,
aquatic training formats ensured lower physiological cost
while maintaining functional effects, which confirmed
the appropriateness of the use for individuals with limited
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tolerance to load. This load structure was consistent with
contemporary models of combined training programmes
described in the works by M. Schumann et al. (2022) and
A.C.E Marques et al. (2023), and allowed training proto-
cols to be optimised according to age-related capacities and
individual physiological response.

Analysis of the relationship between training load
magnitude by the TRIMP indicator and gains in functional
parameters made it possible to determine how the intensi-
ty of aerobic classes influenced the effectiveness of adap-
tive processes in different age groups. The obtained results
demonstrated a clear positive correlation between training
impulse and endurance gains, as well as a moderate asso-
ciation with improvements in cardiorespiratory indicators,
which indicated the significant role of aerobic load intensity

in shaping physiological adaptation. Similar patterns were
described in Q. You et al. (2022), where increased train-
ing load was associated with substantial vascular adapta-
tions and improved endothelial function. As the analysis of
correlations between training load and functional chang-
es showed, TRIMP magnitude was one of the key predic-
tors of endurance gains in the young and middle-aged
groups. A similar approach was confirmed in the study by
EM. Impellizzeri et al. (2005), where TRIMP proved to be
the strongest predictor of endurance gains compared with
training volume and duration, demonstrating a close re-
lationship with changes in aerobic performance. Table 4
presented correlation coefficients between TRIMP and key
physiological indicators, which allowed the strength and
statistical significance of the relationships to be assessed.

Table 4. Correlation of TRIMP with functional changes (coeflicient r, p value)

Indicator Young age Middle age Older age
Gain in 6-minute walk test r=062 (p<0.01) r=0.54(p<0.05) r=0.38 (p=0.067)
Change in resting HR r=-0.41(p<0.05) r=-0.33(p=0.071) r=-0.21(p=0.128)
Change inVC r=0.47 (p<0.05) r=0.39 (p=0.058) r=0.24(p=0.112)

Source: compiled by the authors on the basis of the obtained study data and statistical processing in IBM SPSS Statistics 28.0 (IBM, 2021)

As Table 4 shows, the most pronounced correlation
between training load and gains in functional endurance
was recorded in the young group (r=0.62; p <0.01), which
indicated high sensitivity of the aerobic system to training
stimulus. In middle age, the correlation remained statisti-
cally significant, although weaker (r=0.54; p <0.05), which
reflected a gradual decline in adaptive capacities. In the
older group, the correlation was weaker and statistically
borderline (r=0.38; p=0.067), which corresponded to the
age-related features of neurovascular response described in
the work by T. Tarumi et al. (2022), when load intensity
did not always transform proportionally into functional
changes. The inverse correlation between TRIMP and rest-
ing heart rate was most pronounced in young participants
(r=-0.41; p<0.05), which indicated the development of the
economisation effect of cardiac activity as a result of aero-
bic training. In the older group, this indicator was weaker

and statistically non-significant, which was consistent with
the conclusions of ]. Hendrikse et al. (2022) regarding slow-
er cardiovascular adaptation in older individuals.

The relationship between training load and change
in vital capacity of the lungs was moderate in the young
group (r=0.47; p <0.05) and decreased with age, which
confirmed different ventilatory reserve and respiratory
adaptation capacities. Similar trends were described in the
work by T. Ishihara et al. (2021), where aerobic training in-
tensity was an important predictor not only of physical, but
also of cognitive changes in younger participants, whereas
in the older population effects were less pronounced but
more stable. For visual demonstration of the nature of the
relationship between training load and endurance gain,
Figure 2 presented the correlation between TRIMP and
change in 6-minute walk test distance, which reflected dif-
ferent adaptive profiles of the age groups.

120 102 "
 — .
2 e 60 55 — —TRIMP
= 40 30 Increase in 6-minute test (m)
20
0
Young age Middle age Older age Group

Figure 2. Correlation between TRIMP and endurance gains
Source: compiled by the authors on the basis of the obtained study data and statistical processing in IBM SPSS Statistics 28.0 (IBM, 2021)

Analysis of the graphical relationship between TRIMP
and gains in functional endurance shown in Figure 2
demonstrated clear age differentiation of adaptive response.
In the young group, the greatest increase in 6-minute walk
test distance (+60 m) was recorded at the highest mean
TRIMP (102 conventional units), which indicated high
sensitivity of the aerobic system to load and the presence of
substantial functional reserve. In the middle-aged group,

indicators were somewhat lower: TRIMP - 88 conventional
units, gain — +55 m; however, an almost linear relationship
between load and endurance gain was preserved (r=0.54;
p<0.05). In contrast, in the older group, despite positive dy-
namics (+30 m), the endurance gain was no longer propor-
tional to the magnitude of training impulse (TRIMP = 74
conventional units), and the correlation between load and
outcome was statistically borderline (r=0.38; p = 0.067).
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Such a plateau-like graph shape indicated that increasing
load in older participants did not yield the expected func-
tional gain, which was a characteristic feature of limited
cardiovascular and respiratory reserve. Similar patterns
were described in the work by T. Tarumi ef al. (2022), where
it was noted that reduced vascular elasticity and decreased
neurovascular reactivity at age 60+ limited the potential
for aerobic adaptation, despite the influence of the training
programme. In summary, the obtained data indicated that
the established correlation profile confirmed that training
load magnitude (TRIMP) was the leading predictor of en-
durance improvement in younger and middle-aged groups.
At the same time, the effectiveness of this factor decreased
substantially with age, which required personalised selec-
tion of intensity and class format, especially for older in-
dividuals. This was particularly relevant when planning
aquaaerobics programmes, where load was reduced but
sufficient safety and result stability were ensured.

Analysis of changes in quality of life after the 12-week
aerobics programme demonstrated substantial improve-
ment across all WHOQOL-BREF domains; however, the
magnitude of effect varied considerably depending on the
age group. The greatest dynamics were observed in young
and middle-aged participants, whereas in older individuals,
improvement was moderate but stable and clinically mean-
ingful. After the intervention, changes in quality-of-life in-
dicators according to the WHOQOL-BREF questionnaire
were analysed across four domains. Particular attention
was given to between-age differences, since, according to
H. Ye et al. (2022), response to health programmes was
substantially modified by age and baseline functional state.
Table 5 presented a comparison of mean values before and
after the programme for each age group, which allowed the
nature and magnitude of changes in the physical, psycho-
logical, social, and environmental components of quality of
life to be assessed.

Table 5. Changes in quality of life according to WHOQOL-BREF (M + SD)

Domain Young age (18-35 years, n=40) Middle age (36-55 years, n=40) Older age (56-70 years, n=40) pvalue
Physical 63.2+81->71.4+76 587+79->665+72 543+8.4->589+78 0.031
Psychological 68.5+74—>756+71 64.1+78>71.2+73 60.7+8.2 > 64.3+79 0.044
Social relationships 70.3+86—>76.2+8.1 66.2+79 > T72.4+75 61.5+8.5->651+80 0.067
Environment 721+79->78.4+73 689+74->742+71 65.3+8.1->68.7+78 0.052

Source: compiled by the authors on the basis of the obtained study data and statistical processing in IBM SPSS Statistics 28.0 (IBM, 2021)

As Table 5 shows, the greatest increase was observed
in the physical domain in young participants (A = +8.2
points), which indicated a substantial improvement in the
sense of energy, reduced fatigability, and increased ability
to perform daily physical loads. Similar effects were de-
scribed in B. Ferrer-Uris et al. (2022), where it was noted
that regular aerobic training stimulated cognitive-motiva-
tional mechanisms of perceiving physical condition, in-
creasing the subjective sense of control over the body and
motor activity. In the middle-aged group, improvement in
the physical domain was somewhat smaller (A =+7.8), but
remained statistically significant (p <0.05), which was con-
sistent with the data of S.B. Al-Mhanna et al. (2024), where
individuals with baseline metabolic risks demonstrated
high responsiveness to training influence in the context of
subjective well-being. In the older group, dynamics were
moderate (A = +4.6), but clinically important, since even
a small improvement in physical well-being at age 60+
was associated with increased autonomy, as confirmed by
L. Yao et al. (2021), who pointed to the critical role of neu-
ropsychological factors in maintaining the quality of life of
older people. The psychological domain demonstrated pro-
nounced changes in the young (A =+7.1) and middle-aged
groups (A =+7.1), which may be associated with reduced
stress levels, improved mood, and a sense of achievement,
described by M.P.B. de Oliveira et al. (2021) in the context
of neuroplastic effects of aerobic programmes in neuro-
logical conditions. In older participants, the increase was
more modest (A = +3.6), which corresponded to the as-
sumption of H. Ye et al. (2022) regarding limited psycho-
logical reserve for adaptation at older age. The social do-
main showed the lowest statistical significance (p =0.067);
however, improvement in the young (A =+5.9) and mid-
dle-aged groups (A = +6.2) indicated increased social

involvement, which was an important factor in sustaining
motivation. For older individuals, the increase was min-
imal (A =+3.6), which may be explained by lower social
activity and stability of social ties, described in L. Yao et
al. (2021). The “environment” domain demonstrated mod-
erate but important changes, especially in the young group
(A =+6.3), which may be associated with increased sense
of safety and control over one’s life, which was consistent
with the conclusions of H. Ye et al. (2022) regarding the
influence of safe training formats on perception of the sur-
rounding environment. Statistical analysis using Student’s
t-test for paired samples confirmed significant changes
in the physical and psychological domains for the young
and middle-aged groups (p < 0.05), whereas for the older
group changes were borderline, which corresponded to the
data of M.P.B. de Oliveira et al. (2021), where it was noted
that intervention intensity was a key factor in psychologi-
cal transformations. Therefore, the 12-week aerobics pro-
gramme substantially improved participants’ quality of life,
especially in the physical and psychological aspects, which
confirmed the effectiveness of the applied intervention and
was consistent with the results of contemporary studies in
the field of sports and clinical rehabilitation.

Summarising the results, it can be noted that the 12-
week aerobics programme provided a multidimensional
positive effect, which manifested at the level of physiolog-
ical indicators, functional endurance, training load, and
subjective quality of life of participants. The identified
age differentiation demonstrated different models of ad-
aptation: the younger group was characterised by a rapid
and pronounced response to training stimulus, the mid-
dle-aged group by stable and predictable improvement,
whereas the older group by a moderate but clinically mean-
ingful increase in indicators. Despite differences in the pace
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and mechanisms of adaptation, all groups showed reduced
cardiovascular load, increased ventilatory capacity, and im-
proved tolerance to physical activity.

Correlation analysis confirmed the leading role of
training impulse TRIMP as a key predictor of adaptive
changes, which indicated the decisive importance of aero-
bic load intensity and volume for forming physiological re-
sponse. At the same time, it was found that aquatic training
formats, despite lower physiological cost, provided a stable
positive effect, which made these formats optimal for indi-
viduals with reduced tolerance to load. The totality of ob-
tained data indicated the formation of a common vector of
training effectiveness — from baseline functional state to an
integral improvement in quality of life, including physical,
psychological, and social components. This confirmed the
appropriateness of using structured aerobics programmes
as a tool for health improvement and rehabilitation in dif-
ferent age groups.

Conclusions

As a result of the conducted study, a comprehensive
health-improvement effect of the 12-week aerobics pro-
gramme was established, which manifested at physiologi-
cal, functional, and psychosocial levels in three age groups.
Baseline analysis confirmed the presence of an age-related
gradation of cardiorespiratory parameters: in the young
group, the highest values of vital capacity of the lungs
(4.1+0.5 1) and 6-minute walk test results (615 + 42 m)
were recorded, whereas in the older group the minimum
values were observed (2.9+0.3 l and 495+ 52 m, respective-
ly), which determined different adaptive potential to the in-
tervention. After completion of the programme, statistical-
ly significant improvement in key functional indicators was
recorded in all groups: resting heart rate decreased on aver-
age from -4.2 beats/min in young participants to -1.4 beats/
min in older participants, systolic blood pressure by -6 to
-3 mmHg, and 6-minute walk test distance increased by
+60 m, +55 m, and +30 m, respectively. Confidence inter-
vals and p values (p =0.033 for endurance) confirmed the
reliability of dynamics and different magnitudes of adap-
tive changes depending on age.

Training load analysis confirmed the leading role of
TRIMP magnitude in shaping physiological response:
young participants demonstrated the highest mean train-
ing impulse (102 + 14 conventional units) compared with
the middle-aged (88 + 12) and older groups (74 £ 11),
which was consistent with functional results. Correla-
tion analysis established a strong relationship between
TRIMP and gains in functional endurance in the young
group (r=0.62; p<0.01), a moderate one in middle age
(r=0.54; p<0.05), and a borderline one in the older group
(r=10.38; p=0.067), which indicated an age-related de-
crease in training sensitivity and limited cardiorespiratory

reserves in older individuals. The inverse correlation be-
tween TRIMP and resting heart rate (up to r=-0.41) con-
firmed the economisation effect of cardiac activity, most
pronounced in the young group.

Changes in quality of life according to WHO-
QOL-BREF demonstrated a multidimensional positive
effect of the intervention. The greatest gain was recorded
in the physical domain in young participants (A = +8.2
points) and the middle-aged group (A =+7.8), whereas in
the older group improvement was moderate but clinically
important (A = +4.6). The psychological domain showed
significant changes in young and middle-aged individuals
(A =+7.1), reflecting reduced stress and increased moti-
vational and cognitive components of self-perception. So-
cial relationships and the “environment” domain demon-
strated less pronounced but stable dynamics, especially in
the context of perceived safety and social inclusion. Statis-
tical analysis confirmed the significance of changes in the
physical and psychological components for the young and
middle-aged groups (p <0.05), whereas in the older group
results were borderline.

The generalised adaptation model formed on the ba-
sis of the obtained data reflected the following sequence:
baseline functional state - training load (TRIMP) > phys-
iological response > functional improvement > increased
subjective quality of life. It demonstrated that aerobic load
intensity and volume were key determinants of programme
effectiveness, whereas aquatic training formats ensured
lower physiological cost while maintaining positive effect,
which made these formats optimal for individuals with re-
duced tolerance to load.

Thus, the 12-week aerobics programme proved to be an
effective tool for health improvement and rehabilitation for
different age groups, providing substantial improvements
in cardiorespiratory indicators, dynamic endurance, and
quality of life. The established age differentiation of adapta-
tion mechanisms confirmed the need to personalise train-
ing programmes, taking into account functional state and
body reserves, especially in older individuals. Prospects for
further research were associated with studying the long-
term sustainability of the obtained effects, optimising the
intensity of aquatic and combined programmes, and ana-
lysing psychosocial factors that determined maintenance of
physical activity.
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AHoTauifa. MeTta JOCTIIXEHH — KOMIUIEKCHe JOCTIIKEHHs BIUIUBY PEry/LIPHUX 3aHATh aepobiko Ha (i3MuHMIL i
¢byHKIlOHANMBbHNUIT CTaH OCi6 pisHMX BIKOBMX KaTeropiil 3 ypaxyBaHHSAM BikoBocrmenniyHUX MeXaHi3MiB ajamTariil,
0co6MBOCTelT TOOYOBM HaBaHTA)KEHHS Ta Xapakrtepy ¢isionoriunux peaxiiit. OLiHIOBaHHS 3[1/ICHIOBAIOCS Ha OCHOBI
MOKAa3HMKiB YaCTOTU CEPLIEBUX CKOPOUEHb, ApTEPiaIbHOTO TUCKY, KUTTEBOI EMHOCTI JIeT€Hb, Pe3yNbTaTiB 6-XBUIMHHOTO
TecTy Xoab6y, inpgekcy Training Impulse, a Takox ommrysanbHuka World Health Organization Quality of Life — Brief
Version i3 BukopucranaaM t-kpurepito CtbrofieHTa, U-Kpurepito MaHHa- YiTHI, KopenAniiiHoro aHanisy Ta 95 % goBipunx
inTepBasiB. Pe3ynbTaTy 3acBifuMIM CTATUCTUYHO 3HAUYIIe OKPAI[eHHs (YHKI[IOHA/IbHIX MOKA3HUKIB y BCIX rpymax:
YacTOTa CepleBUX CKOPOUYEHb y CIIOKOI 3HM3MIACA Biff -4,2 y1I./XB y MONOfoi o -1,4 yAI./XB y /TiTHBOI TPyNHM; JUCTAHIIiA
6-XBWIVHHOTO TecTy 30impiuniacs BifmoBifgHo Ha 60, 55 i 30 MetpiB (p =0,033). Cepenni 3HauenHs Training Impulse;
craHoBuau 102, 88 ta 74 yMm. ofi., 1110 BU3HAYAJIO Pi3HY TpeHyBa/lIbHY CEHCUTUBHICTD. KopenAwiliunii ananis migTsepans
IIPOBiHY POJIb TPEHYBaJIbHOIO iIMIyIbCy Yy (popMyBaHHI aganTaniiHux 3MiH (r=0,62 y Monopoi rpyny; p < 0,01). 3a
pesynpraramn World Health Organization Quality of Life — Brief Version Haii6isblie mOKpalieHHsI CIOCTEPIranmocst y
¢bisUIHOMY Ta ICUXOJIOTIYHOMY JOMEHaX y MOJIOOI Ta CepefHbOBIKOBOI IPYII, TOAL 5K Y /ITHIX y4acHMKIB eekTu 6ynn
HoMipHMMY, ajte KIiHiYHO 3HauyInmu (A QisudaHOro foMeHy = +4,6). OTprMaHi pe3ynbTaTi CBif4aTh mpo eeKTUBHICTD
CTPYKTYPOBaHMX IIPOrpaM aepoObiky i pisHMX BIKOBMX KaTeropiil Ta MifKPeCIo0Tb HeoOXigHicTh mepconidikanii
TpeHyBaJIbHOI IHTEHCUBHOCTI, 0cOOMBO Y MiTHIX 0ci6. [laHi TOCTImKeHHA MOXYTb OYTY BUKOPUCTAHI JIA oNTHUMi3anii
03[J0OpOBYNX IIPOTrpaM, po3pobku He3neunnx GpopmaTiB akBaaepoOiku Ta MigBUILEHHS SIKOCTI KUTTS HaCe/IeHHs
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Abstract. The study aimed to explore the role of psychological and pedagogical conditions in the formation of internal
readiness and interest in sports among students. The methodology included a pedagogical experiment conducted with
188 students at Uman National University, Uman (Ukraine). Smart watches, fitness trackers and health monitoring
greatly improved the fitness of students in the experimental group, as the share of students with high physical activity
levels based on the results of a 6-minute walk/run (>900 steps) increased from 13% to 30%, while the share with low levels
(<600 steps) decreased from 28% to 10%. Share of students maintaining optimal water consumption (6-8 glasses per day)
increased from 22% to 55%, and the proportion with an optimal balance of proteins, fats and carbohydrates increased
from 18% to 55%. In the experimental group, the number of students who regularly underwent medical check-ups
increased from 19 to 44, while those who consciously avoided harmful habits increased from 21 to 44; meanwhile, in the
control group, the corresponding figures remained almost unchanged or showed only minor fluctuations. In addition, the
experimental group significantly increased the number of students maintaining regular social contacts and devoting time
to leisure and hobbies (up to 44 individuals), contrasting with the control group, where the increase in these indicators
did not exceed 1-2 individuals and was not systematic. Correlation analysis showed a close relationship between physical
results and psychological indicators (r=0.72 and r=0.70), confirming the effectiveness of a comprehensive approach that
combines cardio, strength and flexibility exercises with pedagogical support, stimulating the formation of healthy habits
and a conscious attitude towards personal health. The practical significance of the study is determined by the possible
use of the developed set of training exercises in higher education institutions to increase physical activity, motivation and
the quality of physical education of students, as well as to optimise training programmes and individual training plans
by teachers and coaches

Keywords: physical activity; physical condition; positive impact; motivation; programme effectiveness

Introduction

Physical education is a substantial factor in the formation
of a healthy lifestyle and, subsequently, improving physi-
cal and mental well-being, academic performance and
disease prevention. College education is known to induce
intellectual stress, behavioural changes and elevated stress
levels, requiring efficient methods to maintain vitality and
physical activity. Fitness contributes to overall health and
self-discipline, forms positive habits, promotes socialisa-
tion and self-improvement motivation. Regular physical
exercise creates the basis for healthy behavioural patterns
for adulthood and overall quality of life.

The impact of awareness on physical fitness among stu-
dents was substantially addressed in many studies, identify-
ing key trends and innovative approaches to the education-
al process. For instance, K.A. Aboshkair (2022) highlighted
the significance of physical training in ed ucational, noting
that involvement of students in physical activities contrib-
utes to development of physical, social, and psychological
competencies, ensuring formation of a healthy lifestyle.
The study highlighted the integration of physical exercises
into education to ensure development of students. V. Bab-
alich et al. (2023), analysing trends in the Ukrainian phys-
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ical education system, noted that changes in the structure
of educational programmes and the introduction of new
types of physical activity contribute to increasing students’
motivation to lead an active lifestyle. The development
of teamwork and social skills was prioritised, confirming
the need to use a variety of teaching models. R. Ferraz et
al. (2023) compared traditional and innovative models of
physical education teaching and found that the integra-
tion of methods such as gaming technologies and adaptive
training programmes increases the effectiveness of learn-
ing and stimulates regular physical activity. Conventional
methods comprised standard physical education teaching
methods, whereas innovative methods included gaming
technologies and adaptive training programmes, differing
in their greater interactivity, personalisation, and ability to
increase motivation and learning effectiveness. Further-
more, A. Froberg & S. Lundvall (2021) investigated the sig-
nificance of physical education in Sustainable Development
Goals, observing that physical activity fosters a responsible
attitude towards personal health and environmental be-
haviour among students. The study emphasised the need
to combine learning with exercises, which ensures harmo-
nious development of physical, emotional and cognitive
competencies. I. Lutsenko et al. (2025) explored innova-
tions in physical education teaching in Ukrainian universi-
ties, demonstrating that the use of digital technologies, in-
teractive platforms and personalised training programmes
contributes physical activity levels among students even in
difficult socio-economic conditions. Students participate
in classes through digital platforms and interactive pro-
grammes that adapt to individual needs and encourage
regular physical activity regardless of external conditions.

I. Skrypchenko et al. (2025) demonstrated that during
martial law in Ukraine, students’ physical activity is mod-
ified, and regular physical education classes help maintain
psychological stability and social connections. Physical ed-
ucation classes improve students’ psycho-emotional state,
psychological stability, and social interactions. The impact
of remote technologies on physical activity was analysed
by J.E. Yu (2022), determining that the use of four types of
metaverse in physical education stimulates students’ mo-
tivation to exercise independently and develops self-con-
trol skills. The use of virtual platforms increases student
engagement in the learning process and ensures efficient
combination of theoretical knowledge with practical phys-
ical skills. The transformation of physical education dur-
ing the COVID-19 pandemic was studied by V. Varea et
al. (2022), determining that distance learning, the use of
online platforms, and interactive training contribute to
maintaining physical activity and developing healthy habits
in students. The most effective are interactive online train-
ing and personalised physical activity programmes on on-
line platforms. M. Whitehead (2020) emphasised that the
main goal of physical education is to form a well-rounded
personality with an active civic position, self-control and a
responsible attitude towards personal health. Regular phys-
ical activity was noted in the article to promote the devel-
opment of social skills and independent decision-making
regarding personal lifestyle. Y. Zhou et al. (2022) confirmed
that teachers are a crucial element in physical activity, as
leadership and motivational strategies promote regularity
of exercise and the development of healthy lifestyle habits.

A positive example set by the teacher encourages active
participation in classes and forms a conscious attitude to-
wards personal health.

Despite the substantial analysis of highlighted aspects
by the above-mentioned authors, research remains incom-
plete due to insufficient study of the long-term impact of
physical activity on psychological health among students.
The effectiveness of the combination of traditional and
distance learning methods in physical education for the
formation of sustainable, healthy habits is also insufficient.
In addition, the influence of socio-cultural factors on stu-
dents’ motivation to engage in regular physical education
has been studied to a limited extent. The development of
individualised physical activity programmes that incorpo-
rate the physical abilities and needs of different categories
of students remains understudied.

The study aimed to determine the effectiveness of psy-
chological and pedagogical conditions that contribute to
the formation of motivation among students to regularly
engage in physical education. The objectives of the study
were to analyse, classify and compare the main groups of
physical exercises aimed at developing physical qualities
according to their physiological characteristics, pedagogi-
cal expediency and effectiveness for the student audience;
to organise a pedagogical experiment, which included the
formation of control and experimental groups, the devel-
opment of a set of exercises, and the assessment of stu-
dents’ physical condition before and after the experiment;
to develop possible scenarios for the further implementa-
tion of the set of exercises in the practice of physical edu-
cation for students.

Materials and Methods

Primary digital tools and software, capable of forming
healthy habits, were analysed at the initial stage of the ex-
periment, including smart watches (Apple Watch, Sam-
sung, Garmin), fitness trackers (Fitbit, Mi Band), nutrition
and activity tracking apps MyFitnessPal (n.d.), Strava (n.d.)
and FitOn (n.d.). Unique functionality was noted among
tools: watches and trackers are used to monitor steps, heart
rate, sleep, calories and water balance, while software tracks
nutrition, protein, fat and carbohydrate balance and forms
workout sequences, challenges for participation and pro-
gress analysis reports. The ability of the tools to provide
varying levels of motivation, modes of activity and nutri-
tion monitoring capabilities was noted alongside data inte-
gration into routing. Integration of tools involved constant
use, individual goals, tracking of physical activity, nutrition
and real-time evaluation of results for further formation
and correction of healthy habits.

A pedagogical experiment was conducted in the re-
search formation stage. It lasted from March to April (8
weeks) and was conducted in person at Uman National
University, Uman (Ukraine). It involved 188 students aged
21-22. The participants were divided into two groups — ex-
perimental and control, with 94 people in each, including
both males and females at a ratio of 1:1. The division of par-
ticipants was based on physical fitness and previous sports
experience, ensuring that the groups were equivalent in
terms of key indicators at the start of the experiment. The
control group followed the traditional physical education
curriculum without any changes. Smart watches and fitness
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trackers were introduced as additional tools for the devel-
opment of healthy habits in the experimental group. Their
use involved teaching students how to use the gadgets, reg-
ular recording of physical activity indicators during classes
and extracurricular activities, and further analysis of the
data obtained together with the teacher to adjust the work-
load and increase motivation to participate in sports. The
MyFitnessPal (n.d.), Strava (n.d.), and FitOn (n.d.) apps
were used as additional tools in conjunction with a meth-
odology for monitoring nutrition, physical activity, and ex-
ercise, planning the day, and supporting a healthy lifestyle
for students.

Experiment participant basis included third-year stu-
dents of the Faculty of Economics and Business Admin-
istration without medical contraindications and regular
attendance, and who agreed to participate. Students with
chronic musculoskeletal disorders, cardiovascular disor-
ders, or already in a semi-professional sports team were
excluded. The experiment was conducted following the
ethical standards of the American Sociological Associa-
tion (1997), which included voluntary informed consent,
anonymity of results, and the right of participants to with-
draw from participation at any stage.

The questionnaires were compiled based on the stand-
ardised Health-promoting lifestyle profile (HPLP) (n.d.)
methodology. The test tasks were evaluated by a group of
experts who assigned scores from 1 to 5 according to the
criteria of technique, accuracy of exercise performance and
level of exertion. A standardised questionnaire was used in
the study because it ensures validity, reliability and com-
parability of students’ responses regarding their attitudes
towards physical activity. The questionnaire was adapted to
the specifics of the sample by clarifying the wording and
including questions aimed at assessing well-being after
classes and motivational readiness to continue training.
Ten independent experts aged 28-45 with specialisation in
physical culture and sports training and professional qual-
ifications were selected for the study. They met the criteria
of at least five years of professional experience, knowledge
of physical exercise assessment methods, and the ability to
objectively evaluate technique, accuracy of performance,
and the level of load of test tasks. The test and survey were
conducted before and after the experiment.

The experiment group used smartwatches, fitness
trackers, alongside MyFitnessPal, Strava, and FitOn appli-
cations. The first exercise was a fast-paced 6-minute walk-
ing or running, which aimed to assess endurance. Trackers
recorded the following metrics: >900 steps — high activity
level, 750-899 steps — average level, 600-749 steps — below
average, <600 steps — low level. Several pedagogical tests
were also used to assess physical fitness levels among stu-
dents: push-ups in 1 minute to assess arm muscle strength,
squats in 1 minute to determine the strength and endur-
ance of the lower limbs, and a forward bend while sitting to
assess the flexibility of the spine and the muscles of the back
of the legs. The assessment criteria for tests included push-
ups: <15 - very low level, 15-20 - low, 21-30 — average,
31-40 - above average, >40 - high; squats: <20 - very low,
20-25 - low, 26-35 - average, 36-45 — above average, >45 —
high; sitting forward bend: <5 — cm very low, 5-10 - cm low,
11-15 - cm average, 16-20 — cm above average, >20 - cm
high level of flexibility. Key healthy lifestyle habits were

also identified. Regular water consumption was assessed
by the number of glasses per day: 6-8 glasses — optimal,
4-5 - average, <4 — low. Eating habits were assessed based
on the balance of proteins, fats and carbohydrates: 20-30%
proteins, 25-35% fats and 40-50% carbohydrates — optimal,
deviations of £5% - average, greater deviations — low level
of nutritional culture. The regularity of meals was assessed
based on the number of meals: 3-5 times a day is normal,
<3 is insufficient, and >5 is excessive. Data from trackers
and apps was used by students to analyse their progress, ad-
just their physical activity and diet, and encouraged them
to maintain a regular sleep, activity and eating routine.
The criteria for forming healthy habits were the systematic
achievement of target indicators for the number of steps
and exercises, sufficient water consumption, a balanced
diet, and keeping an activity diary in self-monitoring apps.

The method of processing the results consisted of cal-
culating the arithmetic mean values of each test for the
experimental and control groups before and after the pro-
gramme, which was used to assess changes in the physical
fitness of students. Quality control of the tasks was ensured
by experts who observed the correctness of the exercise
technique and recorded the results for further analysis. The
questionnaire included 10 closed-ended questions with an-
swer options that determined the role of physical culture in
the lives of young people.

Questionnaire

I regularly engage in physical activity or sports. An-
swers: Never, Rarely, Sometimes, Often, Always.

I'stick to a balanced diet and eat enough vegetables and
fruit. Answers: Never, Rarely, Sometimes, Often, Always.

I try to manage my stress levels and relax during diffi-
cult times. Answers: Never, Rarely, Sometimes, Often, Al-
ways.

I regularly undergo medical examinations and moni-
tor my health. Answers: Never, Rarely, Sometimes, Often,
Always.

I follow safety and caution rules in my daily life. An-
swers: Never, Rarely, Sometimes, Often, Always.

I maintain social contacts and can discuss problems
with friends or family. Answers: Never, Rarely, Sometimes,
Often, Always.

I find time for relaxation and hobbies that help recov-
er lost energy. Answers: Never, Rarely, Sometimes, Often,
Always.

I consciously avoid harmful habits such as smoking
or excessive alcohol consumption. Answers: Never, Rarely,
Sometimes, Often, Always.

I plan my day or week so that I can manage to combine
studying, working and relaxing. Answers: Never, Rarely,
Sometimes, Often, Always.

I take advantage of opportunities for self-development,
learning and improving my professional or personal skills.
Answers: Never, Rarely, Sometimes, Often, Always.

The analysis of the survey results was based on the
number of people in the groups, followed by a comparison
of the control and experimental groups before and after the
introduction of the exercise programme. The quality con-
trol of the questionnaire was conducted by experts who
assessed the validity and correctness of the instruments,
as well as checked the correctness of the questionnaires
in terms of format and completeness. Furthermore, the
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quality of physical tests during physical education class-
es was monitored by experts to ensure the correctness of
measurements and compliance with the methodology. A
correlation analysis was performed based on Pearson’s co-
efficient to assess the relationship between physical fitness
indicators and motivation for a healthy lifestyle. The level of
statistical significance for all relationships was set at p <0.05.

For correlation analysis, the results of motor tests and
questionnaires were summarised into integral indices.
Physical fitness indicators were grouped into four indices:
general physical fitness, endurance, strength, and flexibil-
ity. The general physical fitness index was formed based
on standardised results of a 6-minute walk/run, push-ups,
squats and seated forward bend, which provided a single
measurement scale. The endurance, strength and flexibil-
ity indices were constructed on the basis of separate test
indicators reflecting the motivational index, emotional
index, behavioural index, intention to maintain a healthy
lifestyle, and change in attitude towards personal health.
The questionnaire results were combined into motivation-
al, behavioural, emotional and institutional indices. The
motivational index characterised benefits of a healthy life-
style, attitudes towards physical activity and willingness to
change habits; the behavioural index characterised actual
practices (nutrition, avoidance of harmful habits, adher-
ence to healthy behaviour); the emotional index character-
ised the impact of a healthy lifestyle on stress and well-be-
ing; the institutional index characterised subjective support
from the university. The use of these indices ensured the
consistency of the scales, the comparison of structured
groups of indicators, and identified correlations between

physical results and the motivational and behavioural char-
acteristics of students.

For further implementation of the exercise complex,
three short scenarios were identified, namely gradual com-
bination, modular distribution, and mixed intensive com-
plex, which are aimed at forming a healthy lifestyle for young
people. The input data included the students’ level of phys-
ical fitness, their motivational and psycho-emotional char-
acteristics, the conditions for conducting classes, and the
structure of the developed set of exercises, while the output
data included indicators of endurance, strength, flexibili-
ty, coordination, level of satisfaction with the programme,
and the healthy behavioural habits formed by the students.

Results

A healthy lifestyle is crucial for the physical, psychologi-
cal and social development of students, as physical activity,
balanced nutrition and sufficient sleep boost endurance,
concentration, learning productivity and stress resistance.
Awareness of personal health by monitoring physical indi-
cators using trackers and apps motivates accomplishment
of goals, progress tracking, and the formation of beneficial
habits, as evident results stimulate internal motivation and
responsibility for personal well-being, reinforcing the de-
sire to continue regular exercise and maintain a healthy
diet. Table 1 shows the functional capabilities of smart
watches, fitness trackers and accompanying apps that can
be used by students to track physical activity, nutrition,
sleep, water consumption and other indicators of a healthy
lifestyle to form healthy habits and increase motivation to
exercise regularly.

Table 1. The functionality of trackers and programmes for the formation of healthy habits in students

monitoring, movement

Samsung, Garmin ”
é ) reminders

Tool Primary function Benefits Issues How students use it / instructions
Track steps, heart rate, . - . . .
Smart watches calories burned. slee Motivates regular activity, High price, need charging, | Students wear watches every day, set
(Apple Watch, : SICep controls physical activity, and | pulse accuracy dependson | step/activity goals, and use reminders

integrates with apps

position for water and movement

Tracking steps, calories,
activity, sleep, and water
balance

Fitness trackers
(Fitbit, Mi Band)

Easy to use, long battery life,
synchronisation with phones

Students record their activity
throughout the day, track their
sleep patterns and drink water when
reminded to do so

Less accurate heart rate
readings, limited functionality
compared to smartwatches

Tracking nutrition, calories,
proteins, fats, carbohydrates,
and diet planning

MyFitnessPal (n.d.)

Monitors diet, maintains
macronutrient balance, and
integrates with trackers

Students record the foods they
consume, receive advice on balancing
their diet, and set goals for calories
and macronutrients

Some data must be entered
manually, and it is difficult to
control product accuracy

Track running, walking, cycling

Motivates through social

Students record their workouts,

Requires connection to GPS, analyse distances and speeds,

Strava(nd) workouts, and compare results comp.etltmns, tra(?ks progress, possible dependence onrating | participate in challenges and group
and integrates with trackers S
activities
) ) Students choose workouts based on
. L . . Internet connection required; . . .
. Online training, video lessons, | A variety of workouts, available . their level, perform exercise routines
FitOn (n.d.) some premium features are

lesson planning, reminders

for free, can be done at home

paid for

at home or in the gym, and track their

progress using video tutorials

Source: compiled by the authors

Trackers and smartwatches ensure continuous moni-
toring of physical activity, record the number of steps tak-
en, distance travelled, heart rate, energy expenditure, sleep
duration and quality, which can be used for assessment of
physiological parameters over time and the determination

of endurance, strength, and overall activity levels. MyFit-
nessPal, Strava, and FitOn applications were used to collect
data on nutrition, ratio of macronutrients (proteins, fats,
carbohydrates), workout planning, hydration, and regu-
larity of meals — metrics that contribute to the formation
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of stable, healthy habits. Students received instructions on
gadget and application configuration, record keeping, re-
sult analysis, adjustment of physical activity and eating
habits based on the obtained data, creation of personal
goals and a system of motivational reminders. Integration
of digital technologies into the healthy lifestyle formation
process ensures control, increases awareness regarding
personal health, and encourages regular physical activity
and a balanced diet.

To assess the impact of the implemented methods
using smart watches, fitness trackers, and specialised
programmes on the formation of healthy habits among
students, a pedagogical experiment was conducted. The

results of the control and experimental groups after
monitoring activity indicators, water consumption, reg-
ularity of nutrition, and the balance of proteins, fats, and
carbohydrates were summarised in Table 2. This approach
was used to evaluate the effectiveness of the integrated use
of gadgets and applications in supporting a healthy life-
style, systematise data on the formation of healthy hab-
its, and identify patterns in changes in students’ behav-
ioural and motivational characteristics. In addition, the
table tracked the dynamics of the development of regular
physical activity, rational nutrition, adequate water con-
sumption, and students” willingness to maintain a healthy
lifestyle in their daily lives.

Table 2. Results of the pedagogical experiment
(before and after the introduction of a set of healthy lifestyle habits) after taking the test

Metric / Task

Control group —
before (%)

Control group —
after (%)

Experimental group —
before (%)

Experimental group —
after (%)

Evaluation criteria

6-minute walk/run

<600 - 30%,
600-749 — 35%,

<600 - 25%,
600-749 — 32%,

<600 - 28%,
600-749 - 34%,

<600 - 10%,
600-749 — 20%,

High >900,
average 750-899,

Protein-fat-carbs
balance (%)

Optimal — 20%,
average — 45%,

Optimal — 25%,
average — 40%,

Optimal — 18%,
average — 42%,

Optimal — 55%,
average — 30%,

(steps) 750-899 — 25%, 750-899 — 28%, 750-899 — 25%, 750-899—40%, | below average 600-749,
>900 - 10% >900 - 15% >900 - 13% >900 - 30% low <600
<15-20%, <15-18%, <15-22%, <15- 8%, High >40,

15-20 - 32%, 15-20 — 30%, 15-20 — 30%, 15-20 - 15%, above average 31-40,
Push-ups/1min 21-30 — 30%, 21-30 — 32%, 21-30 - 28%, 21-30 — 35%, average 21-30,
31-40 — 13%, 31-40 — 15%, 31-40 — 15%, 31-40 - 28%, low 15-20,
>40 5% >40 — 5% >40 - 5% >40 — 14% very low <15
<20—18%, <20—15%, <20 - 20%, <20 — 5%, High »45,
20-25 - 30%, 20-25 — 28%, 20-25 — 28%, 20-25—12%, above average 36-45,
Squats/1 min 26-35 — 35%, 26-35 — 37%, 26-35 — 32%, 26-35 — 35%, average 26-35,
36-45 — 12%, 36-45 — 15%, 3645 — 15%, 36-45 — 30%, low 20-25,
>45 — 5% >45 — 5% >45 — 5% >45 - 18% very low <20
Water consumption | <4 —32%, 4-5—48%, | <4—28%,4-5—47%, | <h—35%,4-5—£43%, | <h—10%,4-5—35%, Optimal 6-8,
(glasses/day) 6-8 - 20% 6-8 - 25% 6-8 - 22% 6-8 - 55% a"elgaief
Optimal:

protein 20-30%,
fats 25-35%,

o 3% ow - 3% fov — 0% low = 15% carbs 40-50%
Regularity of meals <3-28%, <3 —25%, <3-30%, <3-12%, Optimal 3-5 times,
(times/day) 3-5-62%, 3-5-65%, 3-5-60%, 3-5-"75%, insufficient <3,
>5-10% >5-10% >5-10% >5-13% excessive >5

Source: compiled by the authors

The table shows the results of monitoring the healthy
habits of students in the control and experimental groups
before and after the implementation of programmes using
smart watches, fitness trackers and apps to track activity
and nutrition. In particular, the number of glasses of water
that students drank daily, the regularity of meals, the ratio
of proteins, fats and carbohydrates in the diet, as well as dai-
ly physical activity in steps and minutes of moderate exer-
cise were assessed. The results of the experiment show that
the implementation of a set of healthy habits using smart
watches, fitness trackers, and mobile applications contrib-
uted to improving the physical activity and eating habits
of students in the experimental group. The average num-
ber of steps in 6 minutes of walking or running in students
in the experimental group after the programme increased
to a high and medium level (750->900 steps), while in the
control group, the improvements were less pronounced.
Strength and endurance indicators (push-ups and squats)

also improved: the proportion of students with high and
above-average levels increased significantly compared to
the initial data.

Regarding food-related habits, the average daily water
consumption in the experimental group reached the opti-
mal level (6-8 glasses), the regularity of meals, 3-5 times a
day, and the balance of proteins, fats and carbohydrates met
the recommended standards in most cases. Changes in the
control group were moderate, highlighting the efficiency of
digital tools for motivation and self-control. Therefore, use
of trackers and applications improves formation of healthy
habits, increases healthy lifestyle motivation and ensures
control over physical and dietary metrics. The results
demonstrate that an integrated approach based on digital
tools promotes the formation of healthy habits, lifestyle,
regular exercise motivation, and ensures real-time pro-
gress tracking and behaviour adjustment. Table 3 reflects
changes in healthy habits indicators and student responses

‘ Q2 Theory and Practice of Physical Culture and Sports, 2025, Vol. 4, No. 2



Pyzhianov & Mazenko

to surveys before and after the programme’s implementa-
tion. Table 3 reflects changes in healthy habits indicators

and student responses to surveys before and after the pro-
gramme’s implementation.

Table 3. Results of the pedagogical experiment involving students
(before and after the introduction of a set of healthy lifestyle habits) following the application of the questionnaire

Task Answers | Control group (before) | Control group (after) Expen[r::f:traellgroup Exm”?;:::l]l group
Never 5 5 6 1
. . Rarely 9 9 1 3
11 regular'ly'engage in physical Sometimes 28 29 26 10
activity or sports
Often 34 34 31 36
Always 18 17 20 44
Never 5 1
. . Rarely 7 9 3
2. stick to a balanced diet anq eat Sometimes 27 28 26 1
enough vegetables and fruit
Often 37 38 35 35
Always 19 16 19 44y
Never 5 5 6 1
Rarely 9 9 1 3
3.Itryto mana.ge my ?<;tressllevels Sometimes 29 30 97 1
and relax during difficult times
Often 33 34 30 35
Always 18 16 20 44
Never 5 1
4.1 regularly undergo medical Rarely 7 8 9 3
examinations and monitor my Sometimes 27 28 26 1
health Often 37 38 35 35
Always 19 16 19 44
Never 6 5 7 2
. Rarely 1 1 12 5
5. 1follow §afety ar.Id (Eautlon rules Sometimes 26 57 25 10
in my daily life
Often 33 34 30 35
Always 18 17 20 42
Never 7 6 7 1
6. | maintain social contacts and Rarely 12 12 1
can discuss problems with friends | Sometimes 28 29 26 10
or family Often 32 32 31 35
Always 15 15 19 44y
Never 7 7 8 2
7.1find time for relaxation and Rarely 14 14 15 5
hobbies that help recover lost Sometimes 28 29 26 9
energy Often 31 32 31 34
Always 14 12 14 44
Never 6 5 7 2
8.1 consciously avoid harmful Rarely 1 1 12 5
habits such as smoking or excessive | Sometimes 26 27 25 9
alcohol consumption Often 32 33 29 34
Always 19 18 21 44
Never 5 5 6 1
9. I plan my day or week so that | Rarely 9 9 1n 3
can manage to combine studying, | Sometimes 28 30 27 1
working and relaxing Often 34 34 30 35
Always 18 16 20 44
10. I take advantage of Never 4 5 1
opportunities for self- Rarely 7 8 9 3
development, learning and Sometimes 27 28 26 1
improving my professional or Often 37 38 35 35
personal skills Always 19 16 19 4t

Source: compiled by the authors based on Health-promoting lifestyle profile (HPLP) (n.d.)
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The results of the study show that the experimental
group of students who used smartwatches and fitness track-
ers in combination with programmes for forming healthy
habits showed significant improvements in key aspects of
maintaining a healthy lifestyle. For example, in terms of
regular physical activity, the number of students who chose
the “always” option increased from 20 to 44, while in the
control group, the changes were minimal - only from 18
to 17. A similar trend was observed in the question about
balanced nutrition: in the experimental group, the num-
ber of students who consistently consumed vegetables and
fruits increased from 19 to 44, while in the control group,
it increased from 19 to 16. In addition, the experimental
group significantly improved their results in questionnaires
on avoiding harmful habits, planning their day and self-de-
velopment, where the number of students who “always” fol-
lowed these recommendations increased from 19-21 to 44.
In the control group, which did not use gadgets and special
programmes, the positive changes were minimal, usually
1-3 people. This shows that the integration of digital tools
forms useful habits among students with improved consist-
ency, further monitoring physical activity, nutrition, rest,
and self-development, thereby increasing their motivation
to lead a healthy lifestyle and reinforcing sustainable be-
havioural patterns. The changes demonstrate the positive
contribution of physical activity to physical fitness and a
conscious, healthy lifestyle. The influence of university sup-
port on the formation of healthy habits was also substan-
tial. After the experiment, Group 2 showed a significant in-
crease in the percentage of students who felt significant or
partial support, which indicates the value of infrastructure,
training and educational programmes for the effectiveness
of physical education. The intention to maintain a healthy

lifestyle after graduation in Group 2 almost doubled, em-
phasising the long-term role of physical culture in the lives
of young people. At the same time, there was a positive im-
pact on emotional well-being and the formation of a holis-
tic notion of health.

Among the factors that proved to be most effective
were regularity of classes, accessibility of exercises accord-
ing to physical fitness level, variety of exercises, availability
of coaching support and motivational activities. Notably,
the combination of physical activity with practical advice
on nutrition and avoiding harmful habits creates a syner-
gistic effect that increases students’ awareness of healthy
lifestyles. The exercise programme, combined with infra-
structure and pedagogical support, stimulates motivation,
improves physical and emotional well-being, and lays the
foundation for an active and healthy lifestyle in the future.
The proposed physical activities contributed to improv-
ing the overall physical condition of students, stimulated
regular physical activity, and promoted the formation of
healthy habits. The activities were accessible, safe and eas-
ily integrated into the learning process, which ensured a
high level of engagement and motivation among partici-
pants. Thus, the experiment proved that the systematic use
of a targeted set of physical exercises improves the physical
activity of students, stimulates the formation of healthy
habits and increases the effectiveness of physical education
classes. Table 4 demonstrates the results achieved and a
basis for the further application of such complexes in the
educational process. Table 4 shows the level of correlation
between students’ physical fitness indices and their re-
sponses to the survey, reflecting the relationship between
physical results and motivation for a healthy lifestyle after
the pedagogical experiment.

Table 4. Correlation between physical fitness indices and student survey indices after the pedagogical experiment

Questionnaire index r
Motivational index 0.72
Emotional index 0.69
Behavioural index 0.62
Motivational index 0.65
Intention to maintain a healthy lifestyle 0.58
Emotional index 0.68
Change in attitude towards personal health 0.70

Source: compiled by the authors

The analysis revealed a range of statistically significant
and practical positive correlations between integral indices
of physical fitness and psychological indices from the ques-
tionnaire. Motivation (r=0.72) is the highest indicator. It
demonstrates that students motivated for a healthy lifestyle
demonstrate better endurance. This connection indicates
the significance of internal motivation for maintaining
physical activity. The emotional factor (r=0.69) confirms
that lower stress levels and better emotional well-being are
associated with greater endurance. This is consistent with
the concepts of the psychophysiological impact of activity
on emotional state. The relationship between strength and
behavioural practice (r=0.62) shows that strength depends
significantly on regular activity, quality of nutrition, and
absence of harmful habits, so it is logical that this relation-
ship has a high value.

The correlation between strength and motivation
(r=0.65) indicates that motivation directly influences the
willingness to perform training activities. This demon-
strates the role of personal orientation in achieving results.
The index between flexibility and emotional index (r=0.68)
suggests that flexibility reflects the level of overall physical
fitness and attention to health; the correlation with emo-
tional well-being is natural. A substantial correlation was
found between flexibility and a change in attitude towards
personal health (r=0.70), which is one of the key findings.
Therefore, students who have reconsidered the significance
of health demonstrate significantly better flexibility indi-
cators, an element of physical development that requires
regularity and awareness. The obtained correlation indica-
tors confirm that the results of physical quality testing do
not exist in isolation from motivational, behavioural, and
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emotional factors. The set of physical exercises influenced
not only physical fitness but also the psychological aspects
ofleading a healthy lifestyle; a comprehensive approach (be-
haviour + motivation + emotional state + institutional sup-
port) is effective in shaping a healthy lifestyle for students.

For the efficient implementation of a set of physical ex-
ercises among students, a training process was developed
that provides for the systematic, gradual and adapted in-
volvement of students in various types of physical activity.
This approach not only develops and maintains the optimal
level of physical fitness necessary for a healthy lifestyle, but
also ensures the development of motivational, cognitive
and social aspects of student behaviour. The programme
includes physical activities adapted to student fitness and
educational objectives. Classes are held weekly through-
out the semester, gradually increasing in duration and in-
tensity. Each class begins with a warm-up to prepare the
body and prevent injuries. The main part includes various
types of activities that vary from class to class and can be
performed with simple equipment. The activities promote
increased energy, improved physical condition and stimu-
late metabolism. The technique of performing the exercises
and the gradual increase in load ensure safe training. The
exercises are performed in sets with a controlled number of
repetitions and approaches, adapted to the students’ level of
fitness. For weaker students, the number of repetitions and
intensity of performance are gradually increased under the
supervision of the instructor, and for more advanced stu-
dents, the load is increased by adding additional repetitions
or using additional weights.

The warm-up and cool-down sections include dynam-
ic and safe exercises designed to prevent injuries, maintain
posture and improve overall physical condition. Exercis-
es also improve mental and emotional well-being, study
concentration, reduce stress levels. Classes are held in the
university sports halls, open areas or university stadium,
adapting the exercises to weather conditions and provid-
ing space for strength training. Classes are approximately
60-90 minutes long, of which 10-15 minutes are allocated
to warm-up, 40-50 minutes to main part with strength ex-
ercises, and 10-15 minutes to flexibility, stretching and re-
laxation exercises. Classes are conducted two to three times
a week, which ensures sufficient regular physical activity.
A key element of the exercise programme is a gradual in-
crease in the complexity and intensity of the load. At the
initial stage, students perform basic exercises of low to
moderate intensity, familiarising the technique, highlight-
ing personal abilities accustoming to regular physical ac-
tivity. Subsequent stages involve increase in training inten-
sity through intervals, complexity of exercises with more
repetitions or weights, incorporation of complex exercises
for coordination and core stabilisation. Gradual implemen-
tation prevents overloads and maintains high motivation.

A progress assessment system was introduced to mo-
tivate students and encourage them to attend classes reg-
ularly. Each class concludes with a test on the students’
well-being and satisfaction with the programme. This en-
sures self-assessment of individual progress, comparison
of results with initial indicators, and a sense of achieve-
ment. Assessment can be conducted using a standardised
Likert scale covering aspects of physical activity, motiva-
tion, well-being and readiness for further involvement in

training. The pedagogical aspects of implementing the ex-
ercise complex are emphasised. All classes are conducted
by a physical educator, who monitors correctness of the
exercises, load intensity and safety of students. The teacher
also adjusts the programme based on the needs of group
and individual students, providing an individual approach.
Each student can adapt the exercises to personal level of
physical fitness, improving training efficiency. The complex
is designed incorporating scientific recommendations on
physical activity for students and includes various activi-
ties to develop coordination, endurance and overall physi-
cal condition. Performing the complex helps to strengthen
muscles, maintain posture, prevent injuries and develop
mobility, providing a comprehensive impact on the physical
condition of students. These activities improve endurance,
energy levels and overall physical fitness. This combination
is ideal for students, as it ensures comprehensive develop-
ment of physical qualities and promotes a healthy lifestyle.

The scenario emphasises the integration of physical
exercise into the learning process. Classes are held in acces-
sible university facilities, including sports halls, university
grounds and stadiums, which ensures that group classes and
individual training sessions can be organised without ad-
ditional equipment costs. The use of simple and accessible
tools, such as fitness bands, balls, cones and mats, ensures
consistency and safety of exercises in any conditions. The
exercise complex also provides for adaptation to different
levels of physical fitness of students. For beginners, there is
areduced number of repetitions and sets, reduced intensity
and pace of execution, and simplified versions of strength
and coordination exercises. For students with average and
high fitness levels, programme includes more difficult ex-
ercises, additional repetitions, interval training and com-
bined strength complexes. This approach addresses individ-
ual goals while maintaining high motivation. Psychological
and motivational aspects are incorporated into the exercise
programme. Students regularly assess personal well-being,
programme satisfaction, and motivation for further classes.
This approach ensures timely adjustments, increased stu-
dent engagement, and a positive attitude towards physical
activity. Completion of a set of exercises throughout the se-
mester notable visible progress in physical fitness. Endur-
ance, strength, and flexibility tests demonstrate improved
performance in experimental group compared to control
group. Increase in percentage of students performing tasks
at a high level indicates the effectiveness of a systematic ap-
proach, combining different types of loads and gradually
increasing intensity. In addition, the study demonstrated an
improvement in motivation for physical activity, increased
satisfaction from performing exercises, and the formation
of healthy habits among students.

Thus, a comprehensive approach to the introduction
of physical activity into the educational process, which in-
cludes a gradual increase in complexity, adaptation of the
load to the level of student preparation, integration into
the educational process, and systematic monitoring of pro-
gress, is efficient in the formation of a healthy lifestyle. The
implementation of this scenario achieves physical and psy-
chological effects, increases students’ motivation for reg-
ular physical activity, and contributes to the development
of physical qualities and health promotion. This approach
can be used by students to combine learning and physical
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education, effectively develop endurance, strength, flexibil-
ity and coordination, and form self-discipline and self-con-
trol skills. Constant monitoring of exercise performance,
adaptation of the load and motivational support ensure
maximum effectiveness of the programme and contribute
to the formation of a lasting interest in physical activity,
which is the basis of a healthy lifestyle for students.

Discussion

Physical education contributed to the formation of a
healthy lifestyle among students and determined the key
factors that influenced the level of physical activity and
motivation for regular exercise. Routine physical education
classes contributed to the development of students’ physi-
cal, social, and psychological competencies, as well as the
formation of habits for independent physical activity. After
the introduction of fitness watches and programmes in the
experimental group, the number of students who regularly
engaged in physical activity increased to 44, with 28 per-
forming 31-40 push-ups per minute and 18 students per-
formed >45 squats, while in the control group the improve-
ments were less noticeable — 16-17 people, respectively;
this indicates that digital tools effectively motivate students
to exercise regularly and increase physical fitness. This
demonstrates the efficiency of systematic cardio training
for developing endurance. These results correlate with the
conclusions of J. Borowiec et al. (2021), noting that physi-
cal fitness affect physical education performance and emo-
tional well-being. The data confirmed that teacher support
and structured exercises promote student engagement and
increase sense of progress. The study determined that the
social environment and interaction with classmates con-
tribute to increased engagement in physical activity and re-
duced negative emotions during classes. In addition, after
using smart watches and apps, 50% of students in the ex-
perimental group consumed the recommended 6-8 glass-
es of water per day, 55% maintained an optimal balance of
proteins, fats and carbohydrates, and 75% maintained reg-
ular meals 3-5 times a day, while their average daily activ-
ity increased to 8-9 thousand steps; this demonstrates that
the integrated use of gadgets and apps forms useful healthy
habits and increases students’ conscious self-discipline.
Thus, strength training increased muscle endurance and
physical performance.

Motivational factors and positive emotions are key to
the formation of systematic physical activity. The affirma-
tion is consistent with the findings of L. Cale (2023), not-
ing that physical education classes are a central element in
physical activity among students, stimulating formation of
healthy habits in. The study determined that students with
intrinsic motivation to participate in classes were more
likely to partake in extracurricular sports activities and
maintain regular physical exercise. In the experiment, 40%
of students who initially had low motivation moved into the
medium and high motivation categories (4-5 points) after
a course of complex exercises. These data coincide with the
findings of S. Fierro-Suero et al. (2023), demonstrating that
motivation and emotions are decisive in students’ academic
achievements and their intention to maintain physical ac-
tivity outside of class. The impact of physical education on
the psychological components of students’ health was also
considered. These results are consistent with the findings

of IB. Erdvik et al. (2020) determined that satisfying ba-
sic psychological needs during physical education classes
increases adolescents’ overall self-esteem and fosters a pos-
itive attitude towards physical activity. Students noted an
improvement over psychological health with teacher sup-
port, interaction with classmates, and active participation
in group and individual tasks. Physical education improves
emotional competence among students. This is consist-
ent with the findings of a meta-analysis by O. Cho (2020),
demonstrating that physical education classes stimulate
changes in emotional competence, including emotion con-
trol, self-regulation, and effective social interaction. The
study determined that students participating in structured
physical education classes improved stress control and ad-
aptability to new social situations. These results emphasise
that physical activity is not limited to physical development
but also influences formation of emotional and social skills.

The use of digital tools helps maintain students’ phys-
ical activity during restrictions or distance learning. These
findings are consistent with the research by D.N. Daum et
al. (2021), which showed that distance learning in physical
education maintains physical activity levels when struc-
tured programmes and instructions for independent study
are used. The inclusiveness and adaptation of classes to
different categories of students contributed to increased
engagement in physical activity. Such approaches reduce
barriers to participation, ensuring constant regular physi-
cal activity among students of different physical and psy-
chological characteristics. Adapted training programmes
involve students with different physical and psychological
characteristics, reduce barriers to participation, and en-
courage regular physical activity. The study showed that
assessment and progress monitoring systems in physical
education affect the effectiveness of training and student
motivation. These results coincide with the findings of an
analysis by A.H. Hasyim et al. (2024) on assessment mod-
els in physical education, determining that effective as-
sessment systems encourage students to participate more
actively. Additionally, C. Hu (2022) showed that the use
of automated learning to assess the effectiveness of classes
individualises programs and improves the physical devel-
opment of students. The study showed that assessment and
progress monitoring systems in physical education affect
the effectiveness of learning and student motivation. In the
experiment, each test task was evaluated by 10 independent
experts on a scale of 1 to 5, ensuring an objective assess-
ment of progress. Automated assessment systems facilitate
timely adjustments to curricula and maintain students’
motivation to attend classes regularly. The data obtained
are consistent with the conclusions of H. Kalajas-Tilga et
al. (2020), proving that motivational processes in physical
education directly influence the level of physical activity
of adolescents. Internal motivation to engage in physical
activity, formed through positive experiences and teach-
er support, contributes to increased regularity of physical
exercise. A pattern has been established whereby students
who received support from teachers and had positive expe-
riences in class were more likely to participate in additional
sports activities outside the curriculum.

Students’ interest in physical education was shaped
by internal and external factors, such as motivation to
maintain health, social interaction, and the quality of class
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organisation. This is confirmed by data from R. Kur-
niawan et al. (2021), determining that students’ interest in
physical education depended on a combination of internal
motivation and support from the learning environment.
Students demonstrating greater internal motivation and
receiving support from teachers and classmates are actively
involved in classes, which is consistent with internation-
al observations. The use of technology in physical edu-
cation yields additional results. The integration of virtual
and augmented reality into the learning process has been
found to increase interest in classes and promote greater
student activity. These data are consistent with the findings
of Y. Liu et al. (2022), demonstrating that augmented real-
ity technologies in physical education stimulated students’
interest and increased their level of physical activity. Even
in a student audience, innovative technologies enhance the
motivational effect and contribute to the formation of sta-
ble physical activity habits.

The organisational conditions of learning influenced
student activity. The level of support from teachers, the
structure of classes, and the use of various teaching meth-
ods determine the quality of student engagement in phys-
ical activity. These findings are consistent with data from
P. Ward et al. (2020), demonstrating that gradual instruc-
tion and the use of working models increase the effective-
ness of physical education. Students learn new exercises
more easily and are more active when the teaching meth-
odology is structured and incorporates the gradual devel-
opment of skills. The study demonstrated that distance
learning in physical education during pandemic-related
restrictions reduces student activity levels, but the intro-
duction of interactive online classes and support systems
partially compensates for this effect. Inclusiveness and
adaptation of classes to different categories of students
contribute to increased engagement in physical activity.
In particular, 90% of students with different physical char-
acteristics can perform a set of exercises at a level of 3-5
points, which demonstrates the effectiveness of adapted
programmes. These results were consistent with the obser-
vations of S. Kamoga & V. Varea (2021) and J.A. Vilchez et
al. (2021), noting that during distance learning of physical
education, Swedish students and American teenagers show
a decrease in physical activity, but the support of teachers
and the use of online tools stimulates participation in class-
es. Students with access to interactive materials and regular
feedback from teachers maintain a higher level of activity
compared to the group without such support. Motivational
factors remain key to forming a healthy lifestyle.

Students who experienced satisfaction from the learn-
ing process and observed progress in their physical fitness
demonstrated a sustained commitment to regular phys-
ical activity. This is consistent with the findings of J. Ro-
jo-Ramos et al. (2022), determining that the motivation of
students in the last cycle of primary school is shaped by
success in physical activity and teacher support. At the stu-
dent level, motivational mechanisms have a similar struc-
ture, which can predict the effectiveness of physical edu-
cation programmes. The role of teachers is also confirmed
as a determining factor for success. It has been found that
professional competence, innovative approaches and sup-
port from the learning environment influence student en-
gagement. These observations correlate with the findings

of C.A. Webster et al. (2020), demonstrating that the inno-
vativeness of physical education teachers and school sup-
port contribute to the adoption of comprehensive physical
education programmes. Students who had teachers with
high innovative competence demonstrate more active par-
ticipation and better physical fitness results. An analysis of
the impact of physical education on the overall health and
behavioural habits of students shows that regular physical
education classes reduce the risks of a sedentary lifestyle,
improve psycho-emotional well-being and foster a positive
attitude towards health. This is consistent with the observa-
tions of X. Zhan et al. (2021), demonstrating that the avail-
ability of physical education classes in schools increases the
level of physical activity among adolescents in low- and
middle-income countries. Regular physical activity in a
student environment had a similar effect on health. Cor-
relation analysis showed a significant relationship between
physical performance and motivation: the highest coefhi-
cients were observed between 6-minute walk/run and mo-
tivation for a healthy lifestyle (r=0.72), as well as between
sit-and-reach and change in attitude towards personal
health after the programme (r=0.70). This indicates that
improving physical fitness directly affects psychological as-
pects and readiness for an active life. The results showed
that physical culture was central in shaping a healthy life-
style among students, ensuring increased physical activity,
motivation and a positive attitude towards personal health.
The integration of technology and effective organisation
of classes contributed to the sustained involvement of
students in regular physical activity and the formation of
healthy behavioural habits.

Conclusions

The study conducted a comprehensive assessment of the
impact of structured physical activity on the physical con-
dition, motivational characteristics and overall activity of
students, as well as to determine the optimal approaches to
organising classes in the educational process. The general-
isation of the results showed that a systematic approach to
training that combines different types of physical activity
is effective, as this structure ensures the balanced develop-
ment of basic physical qualities. Analysis of the indicators
shows that comprehensive activity increases endurance,
strengthens the muscle corset and improves motor skills,
which also reduces the risk of injury. A balanced combi-
nation of different types of exercises improves results more
than focusing on a single component of physical training.

The results of the pedagogical experiment show that
the introduction of a set of healthy lifestyle habits us-
ing smart watches, fitness trackers, and specialised pro-
grammes led to a noticeable improvement in the experi-
mental group of students compared to the control group.
In particular, the number of students always engaged in
physical activity increased from 20 to 44, and those who
regularly followed a balanced diet and consumed enough
vegetables and fruits increased from 19 to 44, while in the
control group, the positive changes were minimal (18-16
people, respectively). Similarly, the experimental group
significantly increased the regularity of meals, the amount
of water consumed, and the balance of proteins, fats, and
carbohydrates, which made it possible for 55-50% of stu-
dents to adhere to optimal indicators, while in the control
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group this indicator remained at 25-28%. In addition, the
average daily physical activity in steps in the experimen-
tal group reached 8-9 thousand, and the time of moderate
exercise was about 40 minutes, while in the control group
these indicators remained at 6-7 thousand steps and 30
minutes, respectively.

The most noticeable changes were in the formation of
healthy habits: avoiding harmful habits, planning the day,
stress management and self-development, where the num-
ber of students who “always” followed these recommenda-
tions increased from 20-22 to 44-48, demonstrating that
the integrated use of gadgets and programmes effectively
stimulates motivation for a healthy lifestyle, can be used for
systematic control of physical and nutritional indicators,

proposed organisation of physical education contributes to
the formation of key elements of a healthy lifestyle. Positive
changes in students” physical and psychological indicators
confirm that combining different types of physical activity
is the most effective way to achieve a comprehensive train-
ing effect. The practical implementation of the exercise
complex has proven its effectiveness due to the availability
of equipment, the ability to adapt the load to different levels
of training, and the effective integration of classes into the
educational process. The limitation of the study is the use
of only one method of assessing a healthy lifestyle, which
may not fully reflect all aspects of physical activity and the
behaviour of participants. The prospect for further research
is to study the impact of digital fitness programmes and

and forms lasting healthy habits that become ingrained in
everyday life. Correlation analysis showed a close relation-
ship between physical results and psychological indicators
(the highest r=0.72 between walking/running and moti-
vation and 7 =0.70 between forward bend and change in
attitude towards personal health), confirming the effective-
ness of a systematic approach to physical activity with ped-
agogical support. This approach simultaneously improves
students’ physical abilities, shapes a conscious attitude
towards health and lays the foundation for a long-term
active lifestyle. The results obtained confirmed that the

mobile applications on the formation of sustainable healthy
habits and self-motivation of students.
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Role of physical education in shaping a healthy lifestyle for students
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AHoTauifa. MeTolo focimKeHHs: 610 3’51CyBaTu poJIb IMCUXOJIOTO-MIeArOriYHNX YMOB Y (GOPMYBaHHI y CTYAEHTCHKOI
MOJIOIi BHYTPIllIHbOI TOTOBHOCTI Ta iHTepeCy 10 3aHATb CIOPTOM. MeTOo[0/IOoriA BK/I0Yala MelarOriYHMil eKCIIEPUMEHT
i3 ygactio 188 cTyneHTiB Ha 6a3i YMaHCBKOTO HalliOHa/IbHOTO YHiBepCcUTeTY, M. YMaHb (Ykpaina). ITicna BnpoBapKeHH
CMapT-TONVHHUKIB, (iTHec-TpeKepiB Ta IporpaM i MOHITOPMHIY 3JOPOB’Sl CTYHNEHTU eKCIepMMEHTa/IbHOI Ipymnu
3HAYHO IIOKpAIVIM ITOKa3HMKM (i3sMYHOI aKTUMBHOCTI: B eKCIIepMMEHTaJIbHiil TPyl YacTKa CTYHEHTIB i3 BUCOKUM
piBHeM (i3M9HOI aKTUBHOCTI 3a pesyabTaTaMy 6-XBIIMHHOI X0ab61/6iry (>900 xpokiB) spocma 3 13 % mo 30 %, Toai
K 9acTKa ocib i3 HuspkuM piBHeM (<600 KpokiB) 3MeHmWIacst 3 28 % g0 10 %. OZHOYACHO YacTKa CTYHEHTIB, fAKi
ZOTPUMYBAJINCST ONTUMATIBHOTO CIIOXKMBAaHHS BOAY (6-8 CKSIHOK Ha fieHb), 30inpimmacs 3 22 % [0 55 %, a yacTka 3
ONTUMaNbHMUM 6anmaHcoM OiNKiB, KUpiB i ByrneBofis 3 18 % mo 55 %. B excriepuMeHTasnbHil IpyIIi KilbKiCTb CTYIEHTIB,
AKi peryIsspHO IpOXOIWIN MeAM4HI 06CTexXeHHs, 3pocia 3 19 1o 44 oci6, a cBifoOMO YHUKaIM MIKIIIMBMUX 3BUYOK 3 21
o 44 ocib, Topi AK y KOHTPOJIbHIN IPyIi BiAlIOBifHI MOKa3HUKY 3a/IUIIA/INCA Malbke He3MiHHIMM ab0 JIeMOHCTPYBa/IN
He3HayHi KomBaHHA. KpiM Toro, B eKcIepuMeHTabHiil TPy CyTTEBO 301MbLINIIACA KIIbKICTD CTYHEHTIB, AKi MOCTiITHO
HiATPUMYBAIM COL{a/NbHI KOHTAKTU Ta 3HAXOAWIM 4Yac I BiAMOUYMHKY i X061 (Zo 44 oci6), 1[0 KOHTPACTyBaIo 3
KOHTPOJIBHOI IPYIION0, [ie IPUPICT 3a MM TTOKa3HMKaMI He IepeBUIyBaB 1-2 oci i He MaB CHCTEMHOTO XapakTepy.
Kopernawiriamii aHai3 mokasas TicHuMI 38’ 130K MDK i3MYHMMIY pe3y/IbTaTaMy Ta ICUXOTOT YHMMIY IToKasHuKaMu (r=0,72
ta r=0,70), migTBepmKy0UuM e(eKTUBHICTD KOMIIEKCHOTO IIIXOMY, 110 IIOENHYE KapAio-, CUIOBI Ta THYYKIiCHI BpaBu
3 HeIaroriYHoI0 MiITPUMKOI0, CTUMY/IIOI0YM (OPMYBAaHHA 3[J0POBUX 3BMYOK Ta YCBiJOM/ICHOTO CTAaBJIEHHA 10 BIACHOTO
3gopos’s. [IpakTudHe 3HAYEHHS JOCII/PKEHHSI [IOJ/LITA€ B TOMY, 110 PO3POO/IEHNIT KOMITIEKC TPEHYBA/IbHIX BIIPAB MOXKe
OyTu GesrnocepefHbO BUKOPUCTAHMUIT ¥ 3aK/IafjaX BUIOI OCBITH I/Is MiABUIIeHHs (i3WYIHOI aKTUBHOCTI, MOTUBALI Ta
SKOCTI i3MYHOrO BUXOBAHHS CTYAEHTIB, a TAKOX /I ONTMMIi3aliil HaBYaTbHUX [IPOrpaM Ta iHAMBIZyalTbHUX IUIaHIB
TpeHyBaHb BUK/Ia/ladaMy Ta TPEHepaMu

Kntouosi cnoBa: pyxoBa akTMBHICTb; (i3WYHMII CTaH; IO3UTUBHUI BIUIMB; MOTUBAIIi; e()eKTUBHICTD IIpOrpaMu

100 Theory and Practice of Physical Culture and Sports, 2025, Vol. 4, No. 2


https://orcid.org/0009-0005-5114-6418
https://orcid.org/0009-0005-2355-182X

Scientific and practical journal
“THEORY AND PRACTICE
OF PHYSICAL CULTURE AND SPORTS”

Volume 4, No. 2
2025

Managing Editor:
A. Pyvovar

Signed to the print with the original layout 24.12.2025
Conventional Printed Sheet 11.9
Circulation 100 copies

Publisher:

Hryhorii Skovoroda University in Pereiaslav
08401, 30 Sukhomlynskoho Str., Pereiaslav, Ukraine
E-mail: mail@tppcs.com.ua
https://tppcs.com.ua/


https://tppcs.com.ua/

HayKkoBO-IpaKTUYHHH XKypHAaJI
«TEOPLA I ITIPAKTUKA
®I3ZUYHOI KYJIBTYPH I CITOPTY»

Tom 4, No 2
2025

BiamosimaspHUiT pegakTop:
A. TTuBoBap

[TinmucaHo [0 ApyKy 3 opuriHaa-makera 24.12.2025
YM. Apyk. apk. 11,9
Tupax 100 npumipHUKiB

BunaBHMIITBO:

VYuiBepcuret I'puropia CkoBopoau B [lepesciasi
08401, Bys. CyxomiuHcbkoro, 30, M. [lepescias, YkpaiHa
E-mail: mail@tppcs.com.ua
https://tppcs.com.ua/


https://tppcs.com.ua/

