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Abstract

Objectives. This study aimed to experimentally identify and evaluate the effectiveness of using intensive interval
programs to develop endurance in the educational process of 10-year-old boys.

Materials and methods. The research involved twenty 10-year-old boys. Control (n = 10) and experimental (n = 10)
groups were created. Children and their parents were informed of the features of the study and agreed to participate

in the experiment. The study protocol was approved by the ethics committee of H.S. Skovoroda Kharkiv National
Pedagogical University (Kharkiv, Ukraine). This study was conducted in accordance with the Declaration of

Helsinki - Ethical Principles for Medical Research Involving Human Subjects (World Medical Association Declaration
of Helsinki, 2013). The following research methods were used: scientific and methodological literature analysis,
pedagogical testing, and mathematical statistics to process research results.

Results. According to the results of the complex control of boys’ endurance abilities, statistically significant changes in
all indicators in both experimental (p < 0.001) and control groups (p < 0.05) were established. The positive dynamics of

the results favoured the experimental group.

The most statistically significant changes took place in the experimental group on indicators of tests “Push-ups in a
lying position” by 35.2% (p < 0.001), “Jumping with a rope for 1 min” (20.8%; p < 0.001), “Squatting on two legs for
1 min” (18.8%; p < 0.001), “From a lying position rising in a saddle for 1 min” (17.4%; p < 0.01). The obtained results

>«

of the final testing in tests “Hanging on bent arms’”, “Burpee test in 1 min” and “300 m run” were somewhat lower
and still demonstrated statistically significant changes (13.0%, 11.4%, 6.5%, respectively, at the level of significance

p <0.001). General endurance developed more slowly than other types of endurance. In “Hanging on bent arms’” the
change in data after the experiment in the control group was statistically insignificant (p = 0.05).

Conclusions. The intensive interval training method, which used specially selected exercises according to the “Tabata
Protocol,” promoted endurance development in 10-year-old boys.

Keywords: endurance, intensive interval training, Kyokushinkai karate, boys.

Introduction

In recent years, scientists (Akter & Bristy, 2022; Polevoy;,
2023; Deng & Wang, 2024) have recorded a trend of increas-
ing childhood and adolescent obesity. Overweight has be-
come a global public health problem. The younger generation
leads a sedentary lifestyle. Physical inactivity is considered a
social disease. Younger students spend long periods of time
sitting during school lessons (4 hours or more) and then
spend the same amount of time doing homework, playing
computer games, watching TV, etc. As a result of this life-
style, cardiorespiratory performance, which is one of the
most important indicators of physical health and is crucial
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for maintaining overall health and quality of life, has signifi-
cantly reduced (Le & Dinh, 2022; Marchenko, Ivashchenko
& Khudolii, 2023).

To address this dangerous situation among children, the
WHO (WHO, 2020) recommends that children and adoles-
cents engage in moderate to vigorous physical activity for at
least 60 minutes a day throughout the week, mostly aerobic.
At the same time, the time spent by the child in a sitting or ly-
ing position should be limited, especially in front of a screen
for entertainment purposes.

The development of endurance abilities in this age group
within the framework of strictly regulated exercise methods
can lead to decreased performance, fatigue, and distraction.
It is difficult for primary school children to perform tradi-
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tional aerobic physical exercises such as marathon running,
swimming, cycling, and others for a long time (Unierzyski &
Bogustawski, 2016; Marchenko & Handymov, 2021; Marchen-
ko, Ivashchenko, Khudolii, & Lubchenkov, 2023).

There is a need to introduce new, more creative ap-
proaches and modern tools. Many authors recommend the
use of high- and medium-intensity exercises (Martin-Smith,
Cox, Buchan, 2020; Bauer, Sperlich, Holmberg, & Engel,
2022; Deng & Wang, 2024). They can be used in limited space
and time during online learning.

Duncombe, Barker, Bond et al. (2022), Bauer, Sperlich,
Holmberg et al. (2022), Wu, Yang, Yu et al. (2023), based on
their own research, recommend integrating high-intensity
interval training (HIIT) into physical education classes and
adding aerobic and strength training to extracurricular ac-
tivities. Litvin & Marchenko (2021), Marchenko, Khudolii,
Ivashchenko & Musliumova (2023), Marchenko, Ivashchen-
ko, Jagietto et al. (2023) have demonstrated that a high level of
motor skill development affects the successful performance
of motor actions. Scientists consider endurance to be a com-
ponent of the learning process, and a sufficient level of endur-
ance development can simplify motor skill formation.

Izumi Tabata used a system of high-intensity interval
training (HIIT) to develop endurance. The exercises were
performed until the subjects became fatigued during the 7™
or 8" set of 20-s cycling cycles with a 10-s rest between sets
(Tabata, 2019). Weston, Wisleft & Coombes (2014) defined
HIIT as performed at an intensity >80% (often 85-95%) of
the maximum heart rate.

The constant change of different exercises with short rest
intervals for recovery stimulates children’s motivation and
interest in physical exercises aimed at developing endurance.
Therefore, the chosen topic is relevant.

The purpose of this research was to experimentally iden-
tify and evaluate the effectiveness of using intensive interval
programs for the development of endurance in the educa-
tional process of 10-year-old boys.

Materials and Methods

Participants of the Study

The study involved twenty 10-year-old boys. The control
(n = 10) and experimental (n=10) groups were formed. Both
children and their parents were informed about the study’s
features and agreed to participate in the experiment.

The study protocol was approved by the Ethics Commit-
tee of H.S. Skovoroda Kharkiv National Pedagogical Univer-
sity (Kharkiv, Ukraine). The study was conducted in accord-
ance with the Declaration of Helsinki - Ethical Principles for
Medical Research Involving Human Subjects (World Medical
Association Declaration of Helsinki, 2013).

Design of the Study

The following research methods were used to address
the tasks: analysis of scientific and methodological literature,
pedagogical testing, and the method of mathematical statis-
tics for processing research results.

The testing program included generally accepted tests:
push-ups in a lying position, sit-ups in 1 min from the supine
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position, bent arm hang, 300 m run, “Burpee” test in 1 min,
jump rope in 1 min, and double leg squats in 1 min.

The study was conducted from September to May 2023-
2024 at the sports club “Centaur” in Kharkiv. The study in-
volved twenty 10-year-old karate athletes in their third year
of training. Control (CG) and experimental (EG) groups
were formed, with 10 participants in each group. The ratio of
training sessions in both groups followed the recommenda-
tions of the standard Kyokushinkai karate program for chil-
dren’s and youth sports schools (Goncharenko, 2021). The
formative experiment lasted 12 weeks.

In the classes of the EG, a set of exercises based on the
“Tabata Protocol” was additionally used. Exercises were per-
formed for 20 seconds, followed by a 10-second rest. This cy-
cle was repeated 8 times consecutively, making the total time
of one block 4 minutes (Tabata, 2019). The boys performed
3 blocks, totaling 12 minutes. Exercise complexes targeting
different endurance components were performed at the end
of each session. Both groups trained 3 times a week for 2 aca-
demic hours per session.

To determine training loads, we used the Tanaka formula
to calculate the maximum heart rate.

HRmax =208 - 0.7 * age

The boys performed exercises at an intensity reaching
80-85% of their maximum heart rate. The physical exercises
forming the basis of intensive interval training were per-
formed according to the Tabata Protocol:

1. Run on the Spot: Perform at maximum speed.

2. Mae Hiza Geri: From the “Yoi dachi” stance with
hands on the belt, perform knee strikes forward
above the belt, alternating legs.

Kangaroo Exercise: Perform jumps on the spot, pull-
ing knees to the chest during the jump.

Mountain Climber: From a lying position, pull
knees to the chest, alternating legs.

Leg Change in Zenkutsu-dachi Stance: Start in a left-
handed stance. When changing the position of the legs,
comply with the requirements of the stance technique
(Marchenko & Taranenko, 2020). Hands on the belt.
Heisoku Dachi to Kiba Dachi Transition: From a stance
with legs together (“Heisoku dachi”), arms down,
hands open, and palms pressed to the hips, transition
with a jump to a wide stance with legs apart (“Kiba
dachi”), arms through the sides up, performing a clap
with palms above the head. Pay attention to the correct-
ness of the Kiba dachi stance: the distance between the
feet should be two shoulder widths. The feet are parallel
and fully supported on the floor. The back is straight
and perpendicular to the floor. The hips are slightly an-
gled to the floor, parallel in a low stance. Keep knees to
the sides. The body weight is evenly distributed on both
legs (Litvin & Marchenko, 2021; Marchenko, Khudolii,
Ivashchenko & Musliumova, 2023).

Mae Geri Kicks: From a kneeling position, alternate
kicks with the right and left legs. Begin in a stance on
the right knee. The thigh of the right leg is perpendicu-
lar to the floor, the left leg is bent and positioned for-
ward, standing on the whole foot so that its shin is pa-
rallel to the thigh of the right leg. Maintain an upright
torso during the exercise (Marchenko & Kovalenko,
2020; Marchenko, Ivashchenko, Jagietlo et al., 2023).



Marchenko, S., Shapovalov, A., & Korol, O. (2024). Influence of Intensive Interval Training Programs on the Development of Endurance
in 10-Year-Old Boys

8. Burpees: Perform in the following sequence: squat,
lie down, push up once, squat, jump up, and clap
palms above the head during the jump (Serhiienko,
2010).

Statistical Analysis

Data were collected and organized using the EXCEL pro-
gram and analyzed using the IBM SPSS 26 statistical pack-
age. The following parameters were calculated: arithmetic
mean (mean), standard deviation (SD), and standard error of
the mean (SEM). Comparison of the arithmetic means was
performed using Student’s t-test for dependent samples and
Student’s t-test for independent samples. The hypothesis of
normality of data distribution was determined using the Sha-
piro-Wilk test. The hypothesis of equality of variances among
the compared groups was determined using Levene’s test.

Results

The algorithm for processing the results was as follows:
first, the study materials were processed in a consolidated
group of children (n=20). The statistical analysis of endurance
indicators among 10-year-old boys was carried out (Table 1).
Indicators of the ability to display different types of endurance
generally correspond to age norms. The sample was tested
for normality of indicator distribution. Given that our sam-
ple was small (n=20), we used the nonparametric Shapiro-
Wilk test to determine the normality of the data distribution
(Table 2). The obtained values indicated that the significance
level was p > 0.05 for all tests. Then, using the random num-
bers method, the sample was divided into an experimental
group (EG) (n = 10) and a control group (CG) (n = 10) of
students who participated in the developed research program.

The obtained p-level of Levenes test > 0.05 (p-value
ranging from 0.271 to 0.744) indicates that the variances of

the compared distributions of values do not differ statisti-
cally significantly (Table 3). Therefore, it was decided to use
the first type of Student’s t-test (assuming equality of vari-
ances). The t-test results indicate that the difference between
the samples of the experimental and control groups was not
statistically significant (p-level > 0.05).

The data obtained during the formative experiment are
presented in Table 4. The efficiency of using intensive inter-
val exercises for developing endurance in 10-year-old boys
was studied. According to the results of the comprehensive
assessment of the boys’ endurance abilities, statistically sig-
nificant changes in all indicators were observed in both the
experimental and control groups (p < 0.05). The positive dy-
namics of the results favored the experimental group.

The most statistically significant changes in the experi-
mental group were observed in the following tests: “Flexion
and extension of hands in a lying down support” (an in-
crease of 35.2%; p < 0.001), “Jumping with a rope for 1 min”
(20.8%; p < 0.001), “Squatting on two legs for 1 min” (18.8%;
p < 0.001), and “From a position lying on the back, rising to
a seated position for 1 min” (17.4%; p < 0.01).

The results of the final test in the “Bent arm hang,’
“Burpee test in 1 min,” and “300 m run” showed somewhat
lower but still statistically significant changes (13.0%, 11.4%,
and 6.5%, respectively, at the significance level p < 0.001).
General endurance developed more slowly compared to
other types of endurance. In the “Bent arm hang,” the change
in data after the experiment in the control group was statisti-
cally insignificant (p = 0.05).

Discussion

The study hypothesized that the use of specially selected
exercises based on the Tabata Protocol and the intensive in-
terval training method would contribute to endurance de-
velopment in 10-year-old boys. Previous studies by Ratel,

Table 1. Statistical description of endurance indicators among 10-year-old boys

Mean SEM SD Skewness SDS Kurtosis SEK

Tests Min Max
Push-ups in a lying position, times 8.0 21.0
Sit-ups in 1 min from the supine position, times 20 32.0
Bent arm hang, s 8.0 26.0
300 m run, s 63.0 85.0
“Burpee” test in 1 min (cycles) 11.0 24.0
Jump rope in 1 min, times 37.0 70.0
Double leg squats in 1 min, times 28.0 43.0

13.90 0.864  3.865 0.261 0.512 -0.618  0.992
26.05 0.890  3.980 -0.058 0.512  -1.346  0.992
16.00 1.254  5.610  0.463 0.512  -0.983  0.992
74.80 1.428  6.387 -0.063 0.512  -0.855  0.992
17.80 0936  4.188 -0.164 0.512  -1.204  0.992
54.70 2.240 10.016  0.014 0.512  -1.006  0.992
36.90 0.794  3.553 -0.566 0.512  0.849  0.992

Table 2: Normality of data distribution according to the Shapiro-Wilk test

the Shapiro-Wilk test

Tests Statistics df Mean
Push-ups in a lying position, times 0.959 20 0.516
Sit-ups in 1 min from the supine position, times 0.928 20 0.142
Bent arm hang, s 0.935 20 0.191
300 m run, s 0.972 20 0.792
“Burpee” test in 1 min (cycles) 0.941 20 0.247
Jump rope in 1 min, times 0.964 20 0.624
Double leg squats in 1 min, times 0.972 20 0.801
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Table 3. Characteristics of endurance indices of the studied groups at the beginning of the experiment

Levene’s criterion for

equality of variance

t-test for equality of means

95% confidence

Indicators studied Sig. interval for the dif-
F Mean t (double- MD MSED f
. erence
sided)

Lower Upper
Push-ups in a lying position, times 0.339 0.567 0.685 0.502 1.2 1.753 -2.483 4.883
Sit-ups in 1 min from the supine position, times 0.252 0.622 0.384 0.705 0.7 1.821 -3.126 4.526
Bent arm hang, s 0.305 0.587 0.708 0.488 1.8 2.543 -3.542 7.142
300 m run, s 0.864 0.365 -0.62 0.543 -1.8 2.904 -7.901 4.301
“Burpee” test in 1 min (cycles) 0.532 0.475 0.739 0.47 1.4 1.896 -2.583 5.383
Jump rope in 1 min, times 0.11 0.744 -0.174 0.864 -0.8 4.598 -10.461 8.861
Double leg squats in 1 min, times 1.289 0.271 0.369 0.716 0.6 1.626 -2.816 4.016

Assume equal variance levels

Table 4. Characteristics of the influence of intensive interval exercises on endurance development in 10 year-old-boys

Paired differences
. . 95% confidence Sig. .
Indicators studied Groups v o SME At R e GRE t (df)uble- %
can ference sided)
Lower Upper
. . L. . EG -5.10 1.595 0.504 -6.241 -3.959  -10.11 0.000 35.2
Push-ups in a lying position, times
CG -1.70 1.337 0.423 -2.657 -0.743 -4.019 0.003 12.8
Sit-ups in 1 min from the supine EG -4.60 2.836 0.897 -6.629 -2.571 -5.129 0.001 17.4
position, times CG -2.50 0.707 0.224 -3.006 -1.994  -11.18 0.000 9.7
EG -2.20 0.632 0.200 -2.652 -1.748  -11.00 0.000 13.0
Bent arm hang, s
CG -0.70 0.978 0.309 -1.399 -0.001 -2.264 0.050 4.6
EG 4.80 2.044 0.646 3.338 6.262 7.426 0.000 6.5
300 m run, s
CG 1.50 1.650 0.522 0.320 2.680 2.875 0.018 2.0
« R , EG -2.10 0876 0277  -2726  -1474  -7.584  0.000 114
Burpee” test in 1 min (cycles)
CG -1.00 0.667 0.211 -1.477 -0.523 -4.743 0.001 5.8
. L EG -11.30 6.255 1.978 -15.774 -6.826 -5.713 0.000 20.8
Jump rope in 1 min, times
CG -3.30 2.214 0.700 -4.884 -1.716 -4.714 0.001 6.0
. L EG -7.00 3.018 0.955 -9.159 -4.841 -7.334 0.000 18.8
Double leg squats in 1 min, times
CG -2.90 0.994 0.314 -3.611 -2.189 -9.222 0.000 7.9

Lazaar, Dore, et al. (2004), Costigan, Eather, Plotnikoff, et al.
(2015), and Eddolls, McNarry, Stratton, et al. (2017) demon-
strated the success of including intensive interval training in
school schedules. We suggested incorporating these exercises
into the educational and training programs for karate athletes
at the initial stages, supplemented with simple karate ele-
ments. The final testing revealed that these complexes signifi-
cantly influenced the level of endurance development in the
experimental group (EG). The dynamics of the results for all
exercises were statistically significant (p < 0.001).

Our results align with the findings of Ratel, Lazaar, Dore,
et al. (2004), Vasconcelos, Protzen, Galliano, et al. (2020),
which showed that children recover faster from high-inten-
sity exercise than adults. Exercises repeated at high speed
and separated by short rest periods can improve aerobic and
anaerobic performance. According to Duncombe, Barker,
Bond, et al. (2022), Bauer, Sperlich, Holmberg, et al. (2022),
and Wu, Yang, Yu, et al. (2023), high-intensity interval train-
ing (HIIT) improves muscular and aerobic fitness.
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Our findings confirm those of Cao, Quan, and Zhuang
(2019), Tottori, Morita, Ueta, et al. (2019), and Vasconce-
los, Protzen, Galliano, et al. (2020) regarding high-intensity
interval training as a promising, time-efficient method for
endurance development. However, it should be noted that
the physical fitness and health of modern Ukrainian pupils
studying online call into question the use of high-intensity
exercises. This condition requires a gradual increase in in-
tensity with constant monitoring of external signs of fatigue
and the cardiovascular system (HR) response to adjust the
proposed load (Nurkholis, et al., 2023).

As practice and the results of previous studies (Masa-
novic, Gardasevic, Marques, et al., 2020; Marchenko, Ivash-
chenko, Khudolii, & Lubchenkov, 2023) have shown, primary
school pupils find it very difficult to sustain physical activity
for extended periods. They are not psychologically or physi-
cally prepared to overcome difficulties. The authors empha-
size the importance of using both game- and competitive
exercise methods in physical education and sports training,
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especially when developing endurance. We used the competi-
tive method and musical accompaniment to stimulate effort
and increase interest during the experiment.

In terms of general endurance in the 300-m run test,
boys showed a significant lag, which is consistent with the
findings of Marchenko, Ivashchenko, Khudolii, & Lubchen-
kov (2023). Interval training improved muscular endurance
during squats, consistent with the findings of Tottori, Morita,
Ueta, et al. (2019).

Since the intensity of the work performed by the karate boys
reached 80%-85% of their maximum heart rate, we agree with
Tabata’s opinion that training that uses other types of exercises,
including running, jumping, burpee, and others, although per-
formed similarly to the Tabata Protocol, are not high-intensity
exercises. A real Tabata workout consists of 7-8 exhausting sets
of high-intensity exercises. In his opinion, only motivated ath-
letes can participate in such training (Tabata, 2019).

We agree with Gibler, Prieske, and Hortobagyi (2018), as
well as Hontarenko, Marchenko, and Korol (2022), that integrat-
ing endurance training with other motor skills (e.g., strength,
coordination) has a more effective impact on physical fitness
and sports performance in pupils than unidirectional training.

Conclusions

An analysis of global and Ukrainian scientific research,
along with personal experience, indicates that martial arts are
intermittent by nature, consisting of periods of high-intensi-
ty and low-intensity efforts with pauses during competition
rounds. Most authors believe that intensive interval training
is one of the best methods for improving cardiorespiratory
fitness in healthy children and adolescents. Given its effi-
ciency and effectiveness, it can be an effective approach for
improving physical activity, health, and fitness, strengthening
interest in exercise, and achieving high competition results.

Assessing the level of endurance in 10-year-old boys after
classes incorporating intensive interval training supplemented
with elements of karate demonstrated significant statistical chang-
es in endurance indicators. Notably, there were improvements in
exercises characterizing the development of local dynamic power
endurance of different muscle groups (strength of arms, legs, and
core muscles) and coordination endurance (p < 0.001).

Determining the effects of training according to the
“Tabata Protocol” using exercises that imitate Kyokushinkai
karate classes is valuable considering the specifics of train-
ing and its effects on sports performance. Further research
can evaluate the impact of intensive interval training on
Kyokushinkai karate competition results. Future research
protocols should consider the number of strikes and techni-
cal skills used in combat.
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pe3ynbTaTiB JOCTiIKEHHA.

PesynpraTi. 3a pesymbraTaMy KOMIUIEKCHOTO KOHTPOJIIO 37[iOHOCTeI! X/IONLIB O BUTPUBAIOCTI BCTAHOBJIEHI CTATUCTUYHO
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Abstract

Background. In the conditions of a long armed conflict, and, therefore, a permanent increase in the number
of students affected by the war, there is a need to reorganize the content of physical education in higher schools,

in accordance with modern requests and needs.

Objectives. The purpose of the article is to reveal the effectiveness of the implementation of a differentiated

PE program in restoring gait and balance functions in students after blast TBI, complicated by acuborotrauma.
Materials and methods. The “10 Meter Walk Test” was used for the implementation of the experiment, the results of
which were processed using the methods of mathematical statistics. The studied sample consisted of 20 students after
blast TBI, complicated by acuborotrauma, in the first year of study at a higher education institution.

Results. In conclusion, according to the results of the final test cut, there is every reason to consider the implemented
differential program effective in achieving the effectiveness of the correction of vestibular dysfunctions. This was
reflected in the improvement of the results of the “10 Meter Walk Test” both in integral results and in intermediate
sections, as well as in the results of tests used to control the level of balance development. The recorded positive
dynamics within 9-19% of all students of the studied sample is evidence in favor of the implemented program.
Conclusions. Research-experimental verification of the effectiveness of the implementation of the developed
differentiated physical education course program for students after blast TBI, complicated by acuborotrauma, proved
the effectiveness of the proposed innovations. The established dynamics of the studied indicators and their analysis
made it possible to answer questions about the effectiveness of the implemented differentiated program aimed

at eliminating functional disorders in the body of students as a result of blast TBI, complicated by acuborotrauma.
The effectiveness of the implementation of the program is proven on the basis of the established improvement of the

test results of the students of the studied sample.

Keywords: physical education, student of higher education, blast TBI, acuborotrauma, program, effectiveness.

Introduction

Since the escalation of the war in Ukraine on February
24, 2022, the number of people affected by active hostilities
has been increasing every day. As a result of constant shelling,
serious injuries are suffered not only by the military but also
by the civilian population.

The russian-Ukrainian war is characterized by the use of
the entire range of modern weapons (Misyura, 2023). It was
studied (Sirko, Pilipenko, Romanukha, & Skrypnik, 2020)
that this led to an increase in the number of victims with
a brain injury from the action of a mine blast wave — blast
traumatic brain injury (TBI). In recent military conflicts,
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blast TBI has been recognized as the most common injury of
military personnel (VA Research on Traumatic Brain Injury,
2019) — about 60% of BI cases, and 80% of them are mild.
Blast TBI, which is a separate traumatic effect on the
brain, can include damage to the hearing organs and the
vestibular apparatus - acubarotrauma (acoustic trauma and
pressure trauma) (Plurad, 2011). Only according to 2017 data
(Shvets, Kikh, & Lukianchuk, 2019), as a result of military
operations in eastern Ukraine, blast TBI accounted for 30.8%
of all mechanical combat injuries and injuries. At the same
time, ear damage due to acubarotrauma among blast TBI
was 22.8% (Galushka, Podolyan, Shvets, & Gorshkov, 2019).
According to extreme data (Blavt, Galamanzhuk, Huska,
Iedynak, Pityn, Kachurak, Faidevych, & Turka, 2024), the full-
scale invasion significantly increased the frequency of this
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type of injury and made blast TBI a real challenge for the
higher education system of Ukraine: every year, students after
blast TBI in there are more and more institutions of higher
education. So, like the rest of the spheres of the country’s life,
higher education has faced a certain range of problems and
challenges (Blavt, Bodnar, Mykhalskyi, Gurtova, & Tsovkh,
2023), seeking to organize such an educational process that is
focused on strengthening the effective response to the primary
and prospective needs of students, who suffered from the war.

In institutions of higher education, the function of
health care is assigned to the discipline of “Physical edu-
cation” (Kuntjoro, Soegiyanto, Setijono, & Suhiharto, 2022;
Chernenko, Muszkieta, Dolynniy, Oliynyk, & Honcharenko,
2022). In the conditions of a long armed conflict, and, there-
fore, a permanent increase in the number of students affected
by the war, and the expectation of maintaining this trend in
the future, there is a need to reorganize this process by mod-
ern requirements.

As researched (Bannikova, Kalinkin, & Magnushevskyi,
2018), the high specific weight of brain injury in terms of
war injuries, a significant percentage of disability acquisition
due to blast TBI (Teasell, Bayona, Marshall, & et al., 2007)
disappointing forecasts of recovery of working capacity (Lan-
glois, Rutland-Brown, & Wald, 2006) attribute this problem
in Ukraine to several priorities. An analysis of the scientific
output of research on this issue (Shvets, Kikh, Parkhomenko,
& Lukianchuk, 2020; Ng, & Lee, 2019; Misyura, Ruban, &
Mishin 2022; Perkins, Gracey, Kelly, & Jim, 2022) confirms
that currently blast TBI, including complicated by acuboro-
trauma, is an actual interdisciplinary problem.

Along with that, the importance of the timely application
of restorative physical therapy after injuries has been empha-
sized in numerous scientific investigations (Blavt, & Gurtova,
2023; Shvet, Kikh, & Parkhomenko, & Lukianchuk, 2020;
Blavt, & Herasymenko, 2024). It has been studied (Denby,
Murphy, Busuttil, Sakel, & Wilkinson, 2020; Shvets, Podolian,
& Holinko, 2020; Sushchenko, Demchenko, & Bobrovnyk,
2024), the consequences of any BI, including blast TBI and
complicated by acuborotrauma, can develop and manifest
over the years.

The need for exercise after a stroke has been studied (Ga-
leno, Pullano, Mourad, Galeoto, & Frontani, 2022; Bland,
Zampieri, & Damiano, 2011; Vander Vegt, Hill-Pearson,
Hershaw, Loftin, Bobula, & Souvignier, 2022). It has been
proven (Carrick, Mclellan, Brock, Randall, & Oggero, 2015;
Bannikova, Kalinkin, & Magnushevskyi, 2018; Lorenz, Char-
rette, O'Neil-Pirozzi, Doucett, & Fong, 2018) that physical
activity contributes to the elimination of symptoms of con-
nected with brain injury.

It is believed (Pellerin, Wilson, & Haegele, 2022; Canto,
Chesire, Buckley, Andrews, & Roehrig, 2014; Blavt, 2023) that
higher education has all the opportunities and potential for
student health. Scientists (Grenier, Patey, & Grenier-Burtis,
2022; Blavt, Galamanzhuk, Huska, Iedynak, Pityn, Kachurak,
Faidevych, & Turka, 2024; Jantz, P.B., Davies, & Bigler, 2014)
point to the need to introduce innovations corresponding
today’s needs in the educational process of physical educa-
tion of higher schools, which can ensure the effectiveness of
this process.

Taking into account the situation of daily risks of terror-
ist tactics of waging war by russia, studying the capabilities of
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physical education to restore the working capacity of students
to prevent late complications of akubotrauma after blast TBI
is an urgent issue today.

The purpose of the article is to reveal the effectiveness of
the implementation of a differentiated PE program in restor-
ing gait and balance functions in students after blast TBI,
complicated by acubarotrauma.

Material and Methods

Study Participants

20 students after blast TBI, complicated by acubarotrau-
ma, in the Ist year of study aged from 18 to 23 years from
Lviv Polytechnic National University and Stepan Gzhytskyi
National University of Veterinary Medicine and Biotechnolo-
gies of Lviv during the one-year course of PE were involved
in the experimental study. Students for the study sample were
selected based on a medical examination in the presence of
mild blast TBI, but complicated by acuborotrauma. The ab-
sence of pronounced acute symptoms and the doctor’s per-
mission to participate in the testing were significant in the
selection of students to participate in the study.

The selection of the contingent for the experimental
study was guided by the data (Kim, Yun, Lee, Lee, Sung, Lee,
Kim, Park, Choi, Song, Choi, Koo, & Kim, 2024) that age,
gender, duration of the disease, species are not aggravations
of vestibular disorders do not affect the result.

Students were invited to participate in the study based on
anonymity and informed consent.The study was planned and
carried out following the principles of bioethics set forth by
the World Medical Association (WMA-2013) in the Helsinki
Declaration «Ethical Principles of Medical Research Involv-
ing Humans» and UNESCO in the «General Declaration on
Bioethics and Human Rights».

Methods

The experimental research was implemented at the theo-
retical and empirical levels. In the list of theoretical methods,
there are analysis, synthesis, and generalization. A pedagogi-
cal experiment implemented by pedagogical testing was em-
pirically applied, and mathematical statistics methods were
used to process the results.

The choice of the testing method was guided by the rec-
ommendations (Unver, Baris, Yuksel, Cekmece, Kalkan, &
Karatosun, 2017), which consider gait control to be an im-
portant indicator of the process of restoring damaged func-
tions after injuries.

Considering the ease of use and evaluation of the results
(de Baptista, Vicente, Souza, Cardoso, Ramalho, & Mattiello-
Sverzut, 2020), the «10 Meter Walk Test» (10MWT) (Physi-
opedia), which is non-invasive and safe, was used to imple-
ment the experiment to monitor recovery after blast TBI
(Hirsch, Williams, Norton, & Hammond, 2014)

Test procedure. Equipment Required: a clear pathway
with a set distance (6, 8, or 10 meters in length depending on
distance tested). The student must walk 10 meters unaided,
with the intervening 6 meters timed to account for accelera-
tion and deceleration (Fig. 1). The time is recorded (to the
nearest second) and the walking speed is calculated.
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Fig. 1. Scheme of the IOMWT (Blavt, Galamanzhuk, Huska,
Iedynak, Pityn, Kachurak, Faidevych, & Turka, 2024)

The student walks without assistance for 10 meters, with
the time measured for the intermediate 6 meters to allow
for acceleration and deceleration Perform three trials and
calculate the average of three trials. Scoring: The time (to the
nearest second) is fixed. Walking speed (meters/second) can
be calculated by dividing 10 meters by total time in seconds.
10MWT ouinwmy mBUAKICTh XOb0M B MeTpax 3a CEKyHY
3a KOPOTKMII TPOMI>KOK Yacy.

The basic Romberg test (Fruth, & Fawcett, 2019) was
used to investigate and assess vertical stability (Fig. 2.). It
proven (Kim, Kim, Kim, Kim, & Han, 2012), thet be a sensi-
tive and accurate means of measuring the degree of disequi-
librium caused by head trauma.

15t stage: Eyes open
2nd stage: Eyes closed

Arms by side

30 SECS

Bare feet together

Fig. 2. Scheme of the Romberg test (Epomedicine)

Romberg’s test is performed standing, arms extended
forward, fingers slightly apart. The student first performs the
test task with his eyes open, and then his stability is assessed
in the absence of visual control (Fruth, & Fawcett, 2020).

Research Organization

A week after the beginning of the educational process,
the students of the studied sample passed the initial test, the
next one was scheduled three months later. Each student per-
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formed three attempts, and the average value of the three
attempts was used for analysis.

Before the start of the testing, a clear instruction was
given regarding the procedure for the implementation of the
test exercise and the evaluation of the results. If the student
felt certain symptoms while performing the test, such as se-
vere shortness of breath, chest pain, dizziness, pain in the
legs, etc., the test was stopped.

The comparative experiment involved recording the test
results before the start of the study and at the end of the aca-
demic semester during which the program was implemented.
The result of the experiment was considered to be the dynam-
ics of the studied parameters.

Statistical Analysis

Allstatistical analyses were performed using SPSS Version
24.0 (IBM Corporation). PiBeHb cTaTHCTUYHOI 3HAYYLIOCTI
BCTAHOBJIEHO Ha piBHi 5%. BuMipAHi fani npefcraBieHi AK
CepefiHe TPbOX CIIPOOE CTaH/APTHE BiIXUICHHA.

Results

Our scientific search is based on the fact that concussion
combined with acubarotrauma contributes to the prevalence
of sensory (hearing, vision loss) and cognitive impairments
(Shvets, Podolyan, & Golinko, 2020), accompanied by bal-
ance problems (Hillier, & McDonnell, 2015). This leads to a
deterioration of functional independence against the back-
ground of vestibular disorders, in particular, chronic dizzi-
ness and loss of translational control (Rosen, Delpy, Pape,
Kodosky, & Kruger, 2021).

It has been studied (Shvets, Kikh, Parkhomenko, & Luki-
anchuk, 2020; Shvets, Podolian, & Holinko, 2020) that one of
the key aspects of acubarotrauma is that, along with damage
to the hearing organs, damage to other parts of the central
nervous system is observed. This is almost always accompa-
nied by movement disorders (Overview of Traumatic Brain
Injury) such as problems in maintaining body stability, which
requires monitoring of such disorders during the recovery
process (Galeno, Pullano, Mourad, Galeoto, & Frontani,
2022; Misyura, 2023).

Based on the information (Overview of Traumatic Brain
Injury; Bland, Zampieri, & Damiano, 2011) that no two Bls
are the same and based on the new generalization of accumu-
lated experience, a differentiated physical education program
was developed for students after blast TBI. The program was
guided by evidence (Carrick, Mclellan, Brock, Randall, & Og-
gero, 2015) that vestibular complaints are the most common
consequence of blast TBI, and vestibular function recovery
is identified as the most important physical therapy method
(Vander Vegt, Hill-Pearson, Hershaw, Loftin, Bobula, & Sou-
vignier, 2022).

The implementation of a differentiated approach was to
provide students with post-blast TBI complicated by trauma
with physical education opportunities that are adapted to
their abilities. The special tasks of the program were direct-
ed to the improvement of specific motor skills with a focus
on the elimination of functional disorders of the gait func-
tion using a targeted influence on the state of the vestibular
apparatus.
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Table 1. Test control results

Test tasks and measurement results

Statistical parameters

at the beginning of the experiment

after of the experiment

X S As Me VX S As Me v chet®
2 M (c) 1.12 0.28 0.006 11.09 32.1 1.02 0.19 0.004 1.04 21.1 9.6
6 M (c) 4.38 0.89 0.04 420 274 4.07 0.71 0.23 398 232 9.1
1I0MWT 8 M (c) 7.53 0.52 0.39 742  31.2 6.91 0.58 0.31 6.77  26.1 8.78
10 M (¢) 9.06 0.65 0.57 8.67 287 8.03 0.48 0.42 799 219 12.1
V (m/s) 0.91 0.54 0.051 0.88 28.5 0.81 0.32 0.39 0.75 227 12.05
, . eyes open 12.77 1.93 0.06 12.01 332 16.02 2.12 0.87 1599 241 18.17
Romberg’s test (points)
eyes closed 7.88 1.75 0.04 7.01 292 11.01 1.22 0.63 10.81 215 19.04

*The differences in the results at the beginning and after of the experiment are significant (p<0.05-0.001)

Using recommendations (Yushkovska, 2016; Pérez-
Rodriguez, Garcia-Gomez, Coter6n, Garcia-Hernandez, &
Pérez-Tejero, 2021), the basis of the program is the use of
various aerobic and gymnastic exercises that involve the af-
ferent visual and proprioceptive systems and the vestibular
apparatus.

Evaluation of program outcomes was conducted using
information (Wellons, Duhe, MacDowell, Hodge, Oxbor-
ough, & Levitzky, 2022) that included outcome measures
to quantify gait and balance development, as impairments
are a common symptom following blast TBI complicated
by acuborotrauma (Shvets, Kikh, Parkhomenko, & Lukian-
chuk, 2020). This was guided by the data (Morgan, Mur-
phy, Opheim, & McGinley, 2016; van der Veen, Perera, Fino,
Franke, Agyemang, Skop, Wilde, Sponheim, Stamenkovic,
Thomas, & Walker, 2023) that information about equilibrium
in the presence of various diseases is valuable for determining
the level of functions, changes in functions and consequences
for health.

So, in conclusion, according to the results of the final test
section (Table 1), there is every reason to consider the im-
plemented differential program effective in achieving the ef-
fectiveness of the correction of vestibular dysfunctions. This
was reflected in the improvement of the I0MWTT results both
in the integral results and in the intermediate sections, as well
as in the results of the tests used to control the level of balance
development. The recorded increase in the speed of overcom-
ing the I0OMWT distance attracts attention.

Based on the results of calculating walking speed, which
according to data (Graham, Ostir, Kuo, Fisher, & Ottenbach-
er, 2008), is a correlator of numerous indicators of physical
condition and general health, we observe positive dynam-
ics in the studied parameters. After comparing the distance
covered in the first and last minutes by the students of the
studied sample, conclusions were drawn about the develop-
ment of fatigue and its effect on walking speed: after the end
of the experiment, there was a decrease in the manifestations
of fatigue in the performance of the exercise.

Discussion

The relevance of research into various aspects of the re-
covery process after blast TBI is proven by numerous sci-
entific searches (Shvets, Kikh, & Lukianchuk, 2019; Plurad,
2011; Misyura, Ruban, & Mishin, 2022). The dominant factor
in the effectiveness of this process is recognized (Blavt, Gala-
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manzhuk, Huska, Iedynak, Pityn, Kachurak, Faidevych, &
Turka, 2024) as the introduction of innovations and the for-
mation of special educational programs (Pérez-Rodriguez,
Garcia-Gémez, Coterdn, Garcia-Herndndez, & Pérez-Tejero,
2021; Chernenko, Muszkieta, Dolynniy, & Honcharenko,
2022; Blavt, & Herasymenko, 2024) in the process of physical
education of students to meet today’s challenges.

The scientific and applied problem of justifying the re-
organization of the content of physical education in higher
education is caused by the realities of martial law in Ukraine.
The need for further investigation is supported by data (Ga-
leno, Pullano, Mourad, Galeoto, & Frontani, 2022; Ng, & Lee,
2019) regarding blast TBI symptoms that typically resolve
within 7-10 days, but remain with dizziness and balance dys-
function that affect on quality of life (Shvets, Kikh, & Luki-
anchuk, 2019; Ogihara, Kamo, Tanaka, Azami, Kato, Endo,
Tsunoda, & Fushiki, 2022; Wellons, Duhe, MacDowell, Ox-
borough, & Madhav, 2024).

Our results are consistent with the results of the study
(Kim, Yun, Lee, Lee, Sung, Lee, Kim, Park, Choi, Song, Choi,
Koo, & Kim, 2024; Ogihara, Kamo, Tanaka, Azami, Kato,
Endo, Tsunoda, & Fushiki, 2022; Lorenz, Charrette, O’Neil-
Pirozzi, Doucett, & Fong, 2018), which proved that the im-
plementation of a differentiated approach in the correction of
vestibular disorders after blast TBI contributes to the reduc-
tion of motor imbalances.

The conducted research is consistent with information
(Wellons, Duhe, MacDowell, Hodge, Oxborough, Levitzky,
2022; Wellons, Duhe, MacDowell, Oxborough, & Madhav,
2024) regarding the feasibility of using gait assessment to
monitor the recovery of vestibular disorders, in particular
after blast TBI (Jain, 2016; Misyura, 2023). It has been argued
(Thorman, Loyd, Clendaniel, Dibble, & Schubert, 2022; Hao,
Pu, He, Remis, Yao, & Li, 2024) that gait speed is an indicator
of both general functional health and the condition of the
vestibular apparatus.

We agree with the authors on the effectiveness of aero-
bic activities (Yushkovska, 2016; Pérez-Rodriguez, Garcia-
Gomez, Coteron, Garcia-Hernandez, & Pérez-Tejero, 2021)
in the recovery process after blast TBI. We support scien-
tific ideas (Wise, Hoffman, Powell, Bombardier, & Bell, 2012;
Mala, & Rasmussen, 2017; Marklund, Bellander, Godbolt,
Levin, & McCrory, 2019) regarding the need for physical
activity in TBI recovery.

The research results complement the works (Shvets,
Kikh, Parkhomenko, & Lukianchuk, 2020; Denby, Mur-
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phy, Busuttil, Sakel, & Wilkinson, 2020; Shvets, Podolian, &
Holinko, 2020) that an important indicator of the rehabilita-
tion of persons after blast TBI is the control of spatial stability
Instead, the relevance of the conducted research is confirmed
by the data (Blavt, & Gurtova, 2023), according to which the
violation of postural control is considered one of the main
problems in the physical education of students who were
injured as a result of the war.

Guided by the information (Brushko, Bannikova, &
Kovelska, 2021) that the correct and justified choice of in-
strumental evaluation methods is a mandatory condition for
the adequacy of the applied means, the gait parameters con-
trol test was chosen. Such tests are widely used to determine
walking speed, health and functional status: in neurological
diseases (Brushko, Bannikova, & Kovelska, 2021; Tyson, &
Connell, 2009), orthopedic injuries (Master, Coleman, Dob-
son, Bennell, Hinman, Jakiela, & White, 2021), for children
with cerebral palsy (Kolonyuk, 2023), after traumatic brain
injury (Bland, Zampieri, & Damiano, 2011), in diseases of
the cardiovascular, respiratory systems, and musculoskeletal
system ( Yushkovska, 2016), in Duchenne muscular dystro-
phy (Pizzato, Baptista, Martinez, Sobreira, & Mattiello, 2016).

For the first time, we used a test to evaluate gait param-
eters as an indicator of vestibular disorders in students af-
ter blast TBI, complicated by acuborotrauma, in the process
of physical education. Given the data (Lam, T., Noonan, V.,
et al., 2007), that a change of 0.13 m/s in the results of the
10MWT is evidence of significant changes in the functioning
of the vestibular apparatus, the experiment can be considered
a success.

Conclusions

In the conditions of countering the challenges of martial
law, domestic institutions of higher education continue to
work and make every effort to maintain this trend in the fu-
ture. The full-scale invasion significantly increased the num-
ber of students who suffered war injuries, including blast TBI,
which posed a real challenge to the educational process, con-
sidering that in the current situation, it affects both military
and civilians alike, given the threat of missile strikes.

Given the consequences of blast TBI, complicated by
acuborotrauma, which are characterized by a long-term ef-
fect on work capacity and general well-being, it requires in-
novative ideas and provisions in the formation and imple-
mentation of the content of physical education as a factor
in preserving the health of students after blast TBI, compli-
cated by acuborotrauma. A proven differentiated program of
physical education for students after blast TBI complicated
by acuborotrauma is aimed at providing a targeted collective
impact on the vestibular apparatus.

Research and experimental verification of the effective-
ness of the implementation of the developed program proved
the effectiveness of the proposed innovations in eliminat-
ing functional disorders in the body of students due to blast
TBI, complicated by acupressure. The effectiveness of the
implementation of the program has been proven based on the
established improvement of the test results of the students of
the studied sample within 9-19%.

In general, experimental data proved that the developed
and implemented physical education course program for stu-
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dents after blast TBI, complicated by acupressure, is effective
and contributes to the elimination of vestibular disorders as a
consequence of acupressure.
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QisnyHe BUXOBaHHA Y BifAHOBJIEHHi YWKOMKeHNX PYHKLiN
y 3a06yBauiB BULLOT OCBiTU Nicna BUOYXOBOI YepenHo-
MO3KOBOI TPaBMM, YCK/IaAHEHOI aKybopoTpaBMOIo0
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'HanionanbHuit yHiBepcuTeT «JIbBiBCbKMII ITOTiTEXHiKa»
2JIbBiBCHKMII HALIIOHAIBHUIT YHIBEPCUTET BeTEPUHAPHOL MeiuuyHY Ta GioTexuornoriii imeni C. 3. [xuipkoro

ABTOpPCHKIMIT BRI A — Au3aitH gocmipkeHHs; B — 36ip ganux; C — crataHanis; D — migroroska pykormcy; E — 36ip kowrtis

Pedepar. Crarbs: 8 c., 1 Tab1., 2 puc., 63 mpxeperna.

IcTopis muTanHa. B ymoBax TpuBanoro 36poitHoro KOH(IKTY, a, BifTaK MepMaHeHTHUM 301/IbIIeHHAM 3100yBadiB BUIIOI
OCBiTH , HOCTPAXXHA/INX Bifl BiliHU, BUHMKa€ oTpeba y peopraHisarii smMicty $isu4HOro BUXOBaHH:A BUIIOI IIKO/IM, BiATIOBIHO 10
CYYacCHUX 3aIUTIB Ta HOTpeO.

Mera crarti - BusABUTH e(DeKTUBHICTb BIIPOBaKeHH:A AudepeniiiioBanoi mporpamu OB y BigHoBIeHH] QyHKII X0y Ta
piBHOBaru y 3506yBadiB BMIOI OCBITH ITiC/Is1 BUOYXOBOI YepeIHO-MO3KOBOI TPaBMU, YCK/Ia/fHEHOI aKyOOpPOTPaBMOIO.

Marepianu Ta Metopu. s peamisanii ekciepumenty Bukopucrano «10 Metre Walk Test», pe3yibrari SKOro olpanboBaHi
MeTOJaMM MaTeMaTHYHOI CTaTuCTUKN. JlocmipKyBany BubipKy ckmam 20 3506yBadiB BUIol 0cBiTH (Y07I0BiKM) Mic/st BUOYXOBOI
YepeITHO-MO3KOBOI TPABMU, YCK/IAfHEHOI aKyOOPOTPABMOI0, IIEPIIOTr0 POKY HABYAHHS Y 3aK/Ia/i BUILOI OCBITIL.

Pesynprari. Y miacyMKy, 3a pesy/IbraTaMI IiICYMKOBOTO TeCTOBOTO 3pi3y, € yCi MiICTaBU BBAXKATY YIPOBAKEHY AudepeH-
L{iTHy Tporpamy e(peKTUBHOIO ¥ ZOCSATHEHHI e(eKTMBHOCTI KopeKiil BecTHOYIApHuX AncyHKIiA. 3a3HadeHe 3HAIIIO CBOE Bifj0-
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Ppe3y/IbTaTiB TeCTiB, BUKOPMCTAHUX J/IA KOHTPOJIIO PiBHA PO3BUTKY piBHOBarnu. 3adikcoBaHa MO3UTHBHA [HAMiKa y Mexax 9-19%
B ycix 306yBauiB BUIIOI OCBITU ZOCTIXYBaHOI BUOIPKM € CBiJYeHHAM Ha KOPUCTb YIIPOBA/KEHOI IIPOTPaMIL.

BucHoBku. J[ocmijjHO-eKcIiepuMeHTaIbHa MepeBipKa epeKTMBHOCTI BIPOBapKeHHS po3pobieHol fudepeHIiiioBaHoi mpo-
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aKybOpoTpaBMOI0, 3aCBiAYM/IA AIEBICTD 3aIIPONOHOBAHNX HOBAIIiil. YCTaHOBJIEHA AVMHAMIKa JOCII/PKYBaHMX TOKa3HMKIB Ta IXHii
aHasI3 JO3BO/MB JIaTH BifIIIOBifb HA MUTAHHA 1OA0 e(eKTUBHOCTI yIIpoBaKeHol Ay epeHIilioBaHol IporpamMim, CKepoBaHoi Ha
ycyHeHHsI QYHKI[iOH/IbHUX IIOPYIIeHb B OpraHisMi 3500yBadiB BUIOI OCBITY BHACTIZOK BMOYXOBOI YeperrHO-MO3KOBOI TPaBMI,
YCKIaIHeHMX aKyOopoTpaBMoo. JloBefieHa pe3y/IbTaTUBHICTD peaisanil IporpaMu Ha OCHOBI YCTaHOBJIEHOTO HOKpAIIEHHS pe-
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Abstract

Objectives. The purpose of this research was to find out the improvement in learning to pass under volleyball through

reflections on the wall in SMA Arinda Palembang students.

Materials and methods. This research method uses class action research methods. The sample used in this study
amounted to 35 people. The research instrument is 1) passing skills test, 2) knowledge test, and 3) observation of

learning activities.

Results. From the results and analysis of research data, it can be concluded that the learning outcomes of class XI
students of SMA Arinda Palembang always increase in each cycle. The results of this study show that learning bottom
pass-through reflections on the wall in volleyball games can improve the learning outcomes of bottom pass volleyball

in class XI SMA Arinda Palembang.

Conclusions. The implication of this research is that passing exercises through reflections on the wall can be used as

learning to improve learning to pass in volleyball games.

Keywords: volleyball, wall-bounced, learning outcome, physical education.

Introduction

Education is an effort to organise educational activities
and develop the potential of students to acquire skills, both
for themselves and for society. It includes education through
physical activities given to students with the aim of improv-
ing cognitive, affective and psychomotor skills (Bayu & An-
drianto, 2014). Physical education is a type of education that
can help every student to grow and develop their talents.
Every school offers physical education as one of the subjects
to be taught to students (Bayu et al., 2013). Learning is one of
the academic processes that takes place in the classroom or
outside the classroom where there is a teacher and students
(Pratama & Mulyati, 2020), and to understand and apply
the principles and theories of learning that are key deter-
minants of success in education and training (Firmansyah,
2016) through the process of design, implementation and
evaluation, interpreted as the interaction of students with
educators and learning resources in a learning environment
(Suardi, 2022).

© Shellen, S., Usra, M., Destriani, Bayu, W. 1., & Nanda, F. A,,
2024.

@

JITM

LLCOVS E-mail: wahyu.indra@fkip.unsri.ac.id

Corresponding Author: Wahiu Indra Bayu,

62

Physical education is a general subject. It emphasises the
value of physical activity for pupils’ physical, mental and so-
cial development (Iyakrus, 2019). The purpose of physical
education is (1) to provide learners with educational move-
ment experiences that harmonise their movement abilities
with the process of growth and development and (2) to pro-
vide a platform for learners to achieve their full potential by
the overall educational objectives, including their cognitive
and affective aspects (Afrizal, 2020). In addition to learning
the rules and regulations of sports training, physical educa-
tion can help build the learner’s mentality. Rather than seeing
children as individuals with different physical and mental
attributes, physical education looks at children as a whole
and holistic person (Basuki et al., 2021). The teaching strat-
egies used significantly impact how well students learn in
the classroom. Educators need to identify teaching strategies
that can assist in acquiring and mastering basic sports skills
(Bhakti & Maryani, 2017). Learners will achieve good results
if the right learning strategies are used. The problem is how
to teach the subject simply and clearly to learners. As learn-
ers must understand the information being taught, teach-
ers must be experienced in choosing approaches. Teaching
strategies greatly influence the success of learning objectives.
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To achieve the desired learning objectives, PE teachers in
schools need to be able to select relevant and appropriate
teaching strategies (Fitria et al., 2019).

Volleyball is a team sport played by six people per team.
The game works well if each player knows at least the basic
volleyball techniques (Destriani et al., 2019). One of Indone-
sia’s most popular team games is volleyball, played with six
players and involves passing the ball into the opponent’s ter-
ritory (Dupri & Kamarudin, 2021). Volleyball is a team sport,
so the players must work together and be compact (Destriani
et al., 2022). To hit the ball into the opponent’s court area,
score points and win a volleyball game, the players have to
pass the ball over the net during the match (Sonjaya, 2020).
The object of volleyball is to hit the ball over the net so that
it falls to the floor of the opponent’s court and to prevent the
opponent from doing the same (Destriana et al., 2021). One
of the basic techniques that need to be emphasised by vol-
leyball coaches is the basic technique of the low pass. The low
pass is made with both arms parallel and linked, with the arm
swing and the ball’s contact under the arm (Widiyatmoko &
Anggoro, 2019).

Materials and Methods

Study Participants

The subjects of this study were students of class XI IPA
SMA Arinda Palembang, with a total of 35 students consist-
ing of 17 males and 18 females.

Organization of the Study

This type of research is classroom action research (CAR).
Research that observes a learning activity that begins with the
provision of action with the aim of solving problems or im-
proving the quality of learning. Classroom Action Research is
an initiative to improve the quality of learning. This research
procedure consists of several cycles, where each cycle consists
of the stages of planning, implementation, observation and
reflection. The data collection techniques in this study are
skills assessment, knowledge assessment, and assessment of
students’ learning activities.

Statistical Analysis

The data analysis technique in this study is to analyse the
data obtained for each activity in the cycle using percentage
techniques.

Results

Table 1. Frequency of Passing Skills of Pre-Cycle Learners

Based on the results of the students’ lower level skills test
in the pre-cycle, it can be seen that the results of the students’
lower level skills test in class XI of IPA SMA Arinda Palem-
bang obtained the highest score of 65 and the lowest score of
25. The average score is 43.85%. 1 person got a high category
with a percentage of 2.8%, 17 people got a middle category
with a percentage of 48.6% and 17 people got a low category
with a percentage of 48.6%. The results of the aptitude test in
this pre-cycle are still relatively low, as they have not reached
the predetermined indicator of 80%. Therefore, it is necessary
to carry out action research in cycle I in order to reach the
80% indicator of the evaluation criteria.

Table 2. Frequency of Knowledge Score Results of Students
at Pre-Cycle

Interval Frequency  Persentage Description
> 65-100 7 20 Completed
<65 28 80 Not Completed
Total 35 100

Based on the learning outcomes of students in the pre-
cycle, it can be seen that the learning outcomes of students
in class XI IPA SMA Arinda Palembang in the pre-cycle who
obtained the highest score of 100 and the lowest score was
37.5. The average score is 56.78. There were seven students
who were complete with a percentage of completeness of 20%
and 28 students who were not complete with a percentage of
incompleteness of 80%. The learning outcomes in this pre-
cycle cannot be said to be complete because they have not
reached the specified indicators, therefore it is necessary to
carry out action research in cycle I in order to achieve a suc-
cessful level of learning in the students.

Table 3. Distribution of student activity scores in the
precycle

Interval Frequency Persentage Category

81-100% 0 0 Very Active

61-80% 5 14.3 Active

41-60% 28 80 Fairly Active

21-40% 2 5.7 Poor Active
<20% 0 0 Not Active
Total 35 100

From the table above it can be seen that out of 35 stu-
dents there were five participants who obtained the active
category, 28 participants obtained the fairly active category
and two participants obtained the less active category, with a
percentage of 49.82%. So the activity level before the cycle is
still quite active. Therefore, action research must be carried
out in Cycle I in order to achieve success indicators > 80%.

Table 4. Frequency of students’ lower level skills in Cycle I

Interval Frequency Persentage Category Interval Frequency Persentage Category
85-100% 0 0 Very High 85-100% 2 5.7 Very High
65-84% 1 2.8 High 65-84% 10 28.6 High
45-64% 17 48.6 Moderate 45-64% 11 314 Moderate
20-44% 17 48.6 Low 20-44% 12 34.4 Low
<20- 0 0 Very Low <20% 0 0 Very Low
Total 35 100 Total 35 100
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Based on the results of the lower level skills test of stu-
dents in cycle, it can be seen that the results of the lower level
skills test of students in class XI IPA SMA Arinda Palembang
obtained the highest score of 85 and the lowest score of 25.
The average score is 53.85%. Two people got a very high cate-
gory with a percentage of 5.7%, 10 people got a high category
with a percentage of 28.6%, 11 people got a medium category
with a percentage of 31.4% and 12 people got a low score with
a percentage of 34.3%. The results of passing the competency
testin cycle I cannot yet be considered successful, as it has not
yet reached the predetermined indicator of 80%. Therefore, it
is necessary to improve the action in cycle Il in order to reach
the indicator of the evaluation criteria of 80%.

Table 5. Frequency of results of students’ knowledge
assessment in cycle I

Interval Frequency  Persentage Description
> 65-100 21 60 Completed
<65 14 40 Not Completed
Total 35 100

Based on the learning outcomes of students in Cycle I, it
can be seen that the learning outcomes of students in Class
XI IPA SMA Arinda Palembang in Cycle I who obtained
the highest score was 100 and the lowest score was 25. The
average score was 72.85%. There were 21 students who were
complete with a percentage of 60% completeness and 14 stu-
dents who were incomplete with a percentage of 40% in-
completeness. The learning outcomes in Cycle I cannot be
considered as successful because the indicators have not yet
been achieved, therefore it is necessary to carry out actions
to improve in Cycle II in order to achieve a successful level of
learning among the students.

Table 6. Distribution of student activity scores in Cycle I

Interval Frequency Persentage Category

81-100% 2 5.7 Very Active

61-80% 13 37.15  Active

41-60% 20 57.15  Fairly Active

21-40% 0 0 Poor Active
<20% 0 0 Not Active
Total 35 100

Based on the table above, it can be seen that out of 35
students there were two participants who obtained a very ac-
tive category, 13 participants obtained an active category and
six participants obtained a fairly active category and with a
percentage of 58.57%. Thus the level of activity in cycle I is
still quite active. So, cycle II action research must be carried
out to achieve the success indicator >80%.

Table 7. Frequency of Results of Passing Skills of Cycle II
Learners

Interval Frequency Persentage Category
85-100% 15 42.85 Very High
65-84% 20 57.15 High
45-64% 0 0 Moderate
20-44% 0 0 Low
<20% 0 0 Very Low
Total 35 100

Based on the results of the lower pass skills test of stu-
dents in cycle II, it can be seen that the results of the lower
pass skills test of students in class XI IPA SMA Arinda Palem-
bang obtained the highest score of 100 and the lowest score
of 60. 15 people got a very high category with a percentage of
42.85%, and 20 people got a high category with a percentage
of 57.15%.... The results of the passing skills test in cycle II
can be said to be successful because it has met the value of the
research success indicator which is > 80%.

Table 8. Frequency of Students’ Knowledge Score Results in
Cycle II

Interval Frequency Persentage Category

> 65-100 29 82.85 Completed
<65 6 17.15 Not Completed
Total 35 100

Based on the learning outcomes of students in cycle II, it
can be seen that the learning outcomes of students in class XI
SMA Arinda Palembang in cycle II obtained the highest score
of 100 and the lowest score of 50, with an average of 82.5.
There were 29 students who were complete and six students
who were not complete. The percentage of completeness of
student learning outcomes has reached 82.85% with the cat-
egory of complete success rate.

Table 9. Distribution of Learner Activity Values in Cycle II

Interval Frequency Persentage Category
81-100 25 71.4 Very Active
61-80 10 28.3 Active
41-60 0 8.6 Fairly Active
21-40 0 0 Poor Active

<20 0 0 Not Active
Total 35 100

Based on the distribution table above, it can be seen that
there are 25 students who get a very active category, and 10
students get an active category. Thus the level of learner ac-
tivity in cycle II is already very active and has exceeded the
research success indicator, namely from active to very active
and has reached the assessment criteria indicator of >80%.

Discussion

The results of the study when combined with previous
research or literature review have similarities regarding the
training methods given in each cycle have increased the re-
sults of upper passing in volleyball games. Resear result, (Ru-
biyatno et al., 2021) said that if the upper pass through the
training method using the wall with the provisions given was
able to improve the playing ability of the students. Hasibuan
and Imran Akhmad (2022) showed that the training method
of bouncing the volleyball against the wall was able to im-
prove the results of the top serve, this was due to the fact that
training with bouncing against the wall increased the athlete’s
ability because the training method was not boring and mo-
notonous. Training with the method of jumping against the
wall is able to increase the development of speed, coordination
of movements, accuracy. Consolidation and improvement of
transfers from the top with two hands (Kurbanov et al., 2023).
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Wall training can improve students’ accuracy and control
of upper and lower passes in volleyball (Saputra et al., 2022).
Rahmat et al,, (2023) Explains whether the exercise of bounc-
ing the ball against the wall has an effect on the accuracy of
the top pass in a volleyball game, because students need to be
able to measure the volleyball perkanaan so that the bounce
is given according to the desired range or desired direction.
Wall volleyball is one of the exercises to improve the accuracy
of the top pass in volleyball games. He continued, training by
bouncing wall volleyball students are required to be able to
control the movement of the fall of the ball and the contact of
the ball when bouncing against the wall so that the results are
good when done in the real game.

Kazem and Mazloom (2023) The number of times the
ball touches the wall for the 30 seconds required for the test
is counted, and any efforts that violate the above conditions
are not counted, so in the demonstration the student must
be able to train the imposition of the ball on the wall so that
the bounce given when the ball returns to him is much better
and affects later learning outcomes. Training with wall media
is considered to be the easiest and can be done anywhere and
will give maximum results in improving passing and smash-
ing in volleyball games (Khalil, 2023). Malinda et al. (2024)
teaching methods of upper passing with mixed procedures
of passing on the wall and in pairs can improve the learning
outcomes of upper passing in students carrying out the lower
method of upper passing of volleyball games.

Misrodin and Dwicahya (2023) through the wall bounce
training method is able to improve accuracy and impact in
volleyball games, so that in real games volleyball players are
able to control the direction of the initial attack when passing
the game. Nishanbaevich (2024)tools, and theoretical knowl-
edge of their contents for technical, physical, and psychologi-
cal training for volleyball players end for use in the training of
15-17-year-old volleyball players for competitions intended.
It can be used by masters of secondary schools, coaches of
primary training groups of volleyball players of children’s and
youth schools, and fans of this sport. Keyword. Physical cul-
ture, physical quality, professional physical quality, volleyball.
INTRODUCTION Modern volleyball places high demands
on the motor skills and functional capabilities of an athlete.
This requires the comprehensive development of physical
qualities. The process of physical training of volleyball players
is divided into general and special parts. The tasks of general
physical training are: health promotion, general development
of the player’s body, formation of the correct figure. The de-
velopment and improvement of basic motor skills and skills
necessary for a volleyball player. Strengthening the body sys-
tem of the volleyball player, which accounts for the main
load during the game. The means of general physical train-
ing are general developmental exercises, exercises aimed at
developing all qualities in the process of walking, running,
jumping, throwing, as well as practicing various projectiles,
exercises on simulators, and other sports [1-5]. The objectives
of special physical training are: the development of physical
qualities necessary for the game. The development of physical
qualities and abilities necessary for mastering the techniques
and tactics of the game. Remedy: preparatory exercises aimed
at developing the speed and strength of muscle contraction.
These muscles are involved in the performance of techniques,
speed, dexterity, special dexterity, endurance (speed, jump,
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strength, play Training methods in volleyball games that are
felt to be able to improve the accuracy, precision and ability
to control the ball can be done through the bounce training
method to the wall. Through the bounce training method, it
is able to improve eye coordination with the media in the op-
posite direction of the wall with the aim of being able to im-
prove the results of the volleyball game (Satardi et al., 2023).

Conclusion

Based on the results obtained, it can be concluded that
there is an increase in each cycle in the implementation of vol-
leyball top passing using the bounce method of passing train-
ing. The results of the study are expected to be able to provide
a reference for further research through the bounce passing
training method in improving the learning outcomes of top
passing in order to improve student learning outcomes. The
results are also expected to be able to make a reference for fur-
ther research on the upper passing training method, but can
be created by adding other training methods so that it will be
more optimal in application and learning outcomes obtained.
The limitation of the research is that through the CAR method
it focuses on only one school or sample cluster, so it is less
diverse, so it is also hoped that the sample of further research
from the research reference results will be more diverse.
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YaocKoHaneHHA pesynbraTiB HaBYaHHA BONe60bHOro
nacy 3 BUKOPUCTaHHAM BifiCKOKY M’'Aiua Bif, CTiHW
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Baxiy Ingpa Baro'®“P, ®irpi Arynr Haupa
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1BD

ABTOpchKumii BRI A — nusaiiH gocmipkeHsss; B — 36ip ganux; C - crataHanis; D — migroroska pykormcy; E — 36ip kowtis

Pedepar. Cratps: 6 ., 9 Tab1., 27 IKeperL.

MeToI0 JAaHOTO FOCTIMHKEHHA OY/I0 3’ACyBaTu e()eKTUBHICTh HABYaHHSA BOJIEIIOOIbHUX Mepefiad 3 BUKOPYCTAHHAM BiICKOKY

M’s14a Bif crinm y crypnentis CMA Apinju ITanem6aHr.

Marepianu i MeTogu. Y 1bOMY METOfi JOCTIIXKEHHA BUKOPUCTOBYIOTHCS METOIU OCIII/PKEHH A IPYIOBUX Aill. Bubipka, Buko-
pyUCTaHa B IIbOMY JOCIKEHH], cCK1ana 35 oci6. IncTpymenTom gocmiKeHHs € 1) IIPOXOKEHH ITepeBipKI HABUYOK, 2) ITepeBipka

3HaHb i 3) CIIOCTEPEXKEHHS 3a HABYA/IBHOIO Jis/TbHICTIO.
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PesynbraTu. 3 pe3ynbrariB Ta aHali3y JaHMX JOCTIIKEHHSA MOXKHA 3pOOMTI BUCHOBOK, 1IJ0 Pe3y/IbTaTy HaBYaHHA y4HiB XI
knacy SMA Arinda Palembang 3aBxzu 3pocTaioTh y KOXKHOMY LK. Pe3ymbraTit 11bOro JOCTi/KEHH [0Ka3yI0Th, 110 HABYaHH
I1acy 3 HM3Y 3 BiICKOKY Bif CTiHM IIiJj 4ac BO/IENOONIbHUX irop MO>Ke OKPALUTY Pe3y/IbTaTi HaBdaHHA Bojeitbony y XI kmaci SMA
Arinda Palembang.

BucHOBKM. BICHOBOK I1OTO JOCII/PKEHHS TIOJISITA€ B TOMY, 1[0 HABYaHHS BIIPAB Yepe3 BIICKOK Bif CTIHM MOXe OyTy BUKO-
PUCTaHO I IIOKpallleHHA HaBYaHHA I1acy y BONeOOIbHYX irpax.
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Abstract

Background. The dispatch of practical instructions to schools and supervisors before the actual conduct of the
practical examination over the years has not received the same level of attention as given to the movements of people
and goods and, therefore, is prone to challenges. However, the process could be automated using artificial intelligence.
Previous studies have investigated the effects of automation on the control and delivery of goods in the transport

management sector.

Objectives. This study assessed science teachers’ challenges and readiness for automated practical instruction control

and delivery systems.

Materials and methods. The study adopted an ex post facto design and recruited one hundred science teachers.
Science Teacher Readiness for Automated Practical Instruction Control and Delivery (r = 0.83) was used to collect

data, which were analysed descriptively.

Results. There are more male (73%) science teachers than female (27%). 84% of the respondents listed cost as one of
the challenges, and 83% indicated resistance to change and technical difficulties, ethical issues (67%), and integration
with the existing system (65%). The science teachers are moderately ready (64%). In comparison, 24% are lowly ready,
and 12% are highly prepared to deploy an automated practical instruction control and delivery system.

Conclusion. Automation for delivering practical science instructions has more significant benefits than the manual
method; however, science teachers are ready for its deployment despite its challenges. Therefore, efforts should be
geared towards overcoming the inherent difficulties so that the benefits can be thoroughly enjoyed.

Keywords: automation, artificial intelligence, science teachers, practical instructions, readiness and delivery system.

Introduction

Premium value have been put on practical works in the
field of science; chemistry, physics, data processing, food and
nutrition, animal husbandry, agricultural science, basic elec-
tronics, basic electricity and biology among others by educa-
tion stakeholders. Many works have indicated importance of
practicals to include development of laboratory competence
and science knowledge, appreciating scientific concepts and
theories (Schwichow, Zimmerman, Croker & Hartig, 2016;
Fadzil & Saat, 2013). Students achieve a deeper level of un-
derstanding by finding things out for themselves and by ex-
perimenting with techniques and methods that have enabled
the secrets of our bodies, our environment, and the whole
universe - to be discovered. Practicals help to promotion
of students’ positive attitudes and enhancement of motiva-
tion for effective learning in science (Okam & Zakari, 2017).
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With a consequent effect, students’ academic achievement
can be influenced by positive attitude toward the importance
of practical work (Hinneh, 2017).

The goals of practical work are to improve students’ un-
derstanding, develop their skills in solving problems and un-
derstanding the nature of science, by replicating the actions
of scientists. Sotiriou, Bybee and Bogner (2017) state that:
“While solving a scientific problem, students should act like
a scientist and follow scientific processes.” Practical work can
motivate students, stimulate their interest in teaching and
learning, enhance the learning of scientific knowledge, give
them experience in using scientific knowledge and widen
their way of thinking. Several reasons exist for taking practi-
cals in science subjects in schools. For some it is to encourage
accurate observations and descriptions, for others, it is to
change theories into real-life application, to keep the interest
of students in scientific studies and promote a logical and
reasoning method of thought. In fact, practical work helps
to improve students’ scientific knowledge (Ajeyalemi, 2011).
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The study of all scientific subjects (chemistry, physics,
and biology) placed vital role on experiments in laborato-
ries. However, Abrahams and Millers (2008) were of different
views of teaching domiciled in the laboratories. Laboratory-
based teaching is an inefficient teaching method and can-
not represent scientific inquiry properly, were some of the
demerits mentioned that direct lecturing should have been
taught. Also, practical work create route learning where stu-
dents only adhere to teachers” instructions and they do not
need to be creative or think to process the information.

Despite the importance of practical examinations and
the preceding practical instruction delivery to schools, the
control and delivery system is poor. This is made evident by
late dispatch of the instruction forms, late or non-delivery of
forms to the supervisor by staff at the custodial point, loss /
non-delivery of forms to the schools by the supervisors and
delivery of forms to unauthorized persons by the supervi-
sors. Meanwhile, delivery of essential goods and services like
practical instructions is vitally important for smooth conduct
of respective practical examinations in those subjects. This
presupposes that a novel control and delivery system be intro-
duced to dispatch practical instructions to schools and super-
visor. Observably, the use of portal (automated practical in-
structions control and delivery system) seems to be effective
for control and service delivery. However, the readiness by the
school science teacher is another area that needs exploration.

A portal (automated practical instructions control and
delivery system) is a platform that could be accessed and
interacted with by authorized users (school representatives,
administrator user and staff agents). The portal will hold the
instructions in electronic format securely until the preset
time for access by the verified users. A prepared electronic
message is dispatched to the school reps using their pre-regis-
tered information taken while registering on the portal once
initially set timing conditions are triggered. The instructions
can thereafter be downloaded by the school reps in time for
adequate preparations for the examinations.

While Ubulom and Wokocha (2017) advanced the need
for the introduction of CBT in Nigerian education system as
necessary for the elimination of impersonation, special cen-
tres and cheating, the reality on ground is a far cry from what
they advocated for. Faster dispatch demands by E-commerce
clients are on the increase with attending service quality.
These changes driven by e-commerce has brought business
opportunities to the logistics service providers, especially
couriers handling parcel and goods delivery to each cus-
tomer’s home quickly and reliably in small batches (Jinadu,
Ovyaremi and Rufai, 2021).

Changes in techniques and number of examination cen-
tres make it more challenging than ever to manage practical in-
structions in a fast, simple and secure way. This calls for intro-
duction of a technology-based control mode into the delivery
system of practical instructions to schools called automation
or better put artificial intelligence AI. Artificial intelligence
refers to the field of computer science that involves creating
computer programs capable of imitating intelligent behavior
and ideally enhancing human-like abilities (Naqvi, 2020). Arti-
ficial intelligence, a swiftly expanding discipline, encompasses
the development of intelligent robots capable of emulating hu-
man thought processes and actions, finding utility in diverse
areas such as medical diagnosis, self-driving cars, and educa-
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tion where delivery of practical instructions to schools can be
automated (Wardat, Tashtoush, AlAli & Jarrah, 2023).

Automation is the technology by which a process or pro-
cedure is accomplished without human assistance. It is im-
plemented using a program of instructions combined with a
control system that executes the instructions. To automate a
process, power is required, both to drive the process itself and
to operate the program and control system. Although auto-
mation can be applied in a wide variety of areas, it is can be
applied to dispatch practical instruction manuals as it is pro-
posed in this automated practical instruction development.

Automated practical instruction control and delivery sys-
tem is a portal that could be accessed and interacted with by
authorized users (school reps, admin user and staff agents).
The portal will hold the instructions in electronic format se-
curely until the preset time for access by the verified users. A
prepared electronic message is dispatched to the school reps
using their pre-registered information taken while registering
on the portal once initially set timing conditions are triggered.
The instructions can thereafter be downloaded by the school
reps in time for adequate preparations for the examinations.
The dates (timing) of the papers are set and the instructions
are uploaded onto the portal by the staft agents. School Reps
create their profiles with which they gain access to the portal
to download the instructions exactly from date assigned (at
least two weeks) to the conduct of the examination.

In an automated delivery system, the user can transmit
instructions for the robot to go to two distinct workstations.
At the first workstation, it retrieves an object, and at the sec-
ond, the robot delivers this object. The user is given a sim-
ple program that asks for two workstation numbers. This
information is then sent out through the PC’s serial com-
munications port, and through an IR transmitter, for the ro-
bot to detect. From the foregoing, it is logical to state that
automated practical instruction control can affect delivery
system of practical instructions because Al powered tools in
educational assessment can be beneficial in various ways, in-
cluding enhancing the assessment process’s accuracy, speed,
and efficiency such as assessment process involving practical
instruction delivery to school . However, there seems to a
prominent challenge likely to be associated with using the
said automation which is teachers’ readiness.

The lack of stakeholder participation in developing Al
tools for education can be a significant challenge in AT adop-
tion. When Al tools are developed without input from educa-
tors, students, parents, and other stakeholders, the resulting
tools may not be tailored to the specific needs of the education
system. This can lead to a lack of relevance or adoption of
AT tools in classrooms. According to Luckin and Cukurova
(2019), developers of Al have limited knowledge about learn-
ing sciences and insufficient pedagogical understanding for
the successful integration of Al into teaching. Consequently,
Al developers frequently overlook the expectations of teach-
ers, who are the end-users of Al in education (Cukurova &
Luckin, 2018). Teachers are highly important in Al-based
teaching (Seufert, Guggemos & Sailer, 2020; Jinadu & Balogun,
2020) therefore, it is essential to take their opinions, past expe-
riences, and expectations into account to ensure the successful
integration of Al in schools (Holmes, Bialik & Fadel, 2019).

The movement of practical instructions to schools and su-
pervisor occurs in every examination period. However, such
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movements have not received the same level of attention as
that given to the movements of people, goods and freights. The
cutting list (instruction to schools and supervisors) for such
papers are packaged and dispatched to the various schools
offering the respective subjects in most cases two (2) weeks
before the scheduled time of the actual examination. This is
to ensure the smooth conduct of the examination by afford-
ing the schools the opportunity to make available all items
required for the various experiments to be carried out. These
instructions are currently processed and dispatched to partici-
pating schools manually. The supposed movement of the prac-
tical instructions is hampered with a lot challenges in terms of
late dispatch, late delivery, non-delivery or wrong delivery to
unauthorised persons. Other disadvantages of the traditional
delivery system such dispatch cost of the practical instruction
papers borne by the examination bodies and allowances for
custodians, coordinators, collators and other staff.

This process as described could be automated to maxi-
mize resources as well as cater for the inefficiencies that could
arise from human errors. This is purely a case of artificial
intelligence where computer is charged a task meant for hu-
man being. Previous software developments have investigat-
ed the effect of automation on control and delivery of goods
in transport management sector. Others have investigated
the automation of people and freight management in the
western world. How the automation can be adapted to im-
prove the delivery system of practical instructions to schools
and supervisors needs to be investigated. It is imperative and
believed that a portal designed for such transition can ease
the delivery whereby it will be accessed and interacted with
by authorized users such as school representatives, adminis-
trator user and staff agents. The portal will hold the instruc-
tions in electronic format securely until the preset time for
access by the verified users. It is against this background that
this study assessed science teachers’ readiness for automated
practical instructions control for delivery system.

The study will provide answers to the following questions:

What is the profile of science teachers in Oyo state?

What are the challenges inherent in the deployment of
automated practical instruction control and delivery?

What is the level of readiness of science teachers for
deployment of automated practical instruction control and
delivery?

Materials and methods

Study Participants

The study used ex-post facto design. This design became
necessary because it allowed the researchers to collected data
as they are supplied. The target population for this study
comprised all science teachers in public schools in Oyo state
Nigeria. Multi-stage sampling procedure was adopted to se-
lect sample. Oyo state has ten educational zones. In the first
stage, simple random sampling was used to select five zones
out of the ten zones in the state. In the second stage, simple
random sampling was used to select five schools each from
the selected zones. In the third stage, simple random sam-
pling was used to select four teachers each from each of the
school chosen making one hundred teachers that partici-
pated in the study.

Study Organisation

Science Teacher Readiness for Automated Practical In-
struction Control and Delivery (STRAPICS) was used to
collect data. STRAPICS was developed by the researcher to
measure science teachers’ challenges and readiness for auto-
mated practical instruction control and delivery. It consists
of two sections A, B and C. Section A sought participants’
demographic information, Section B is on challenges of de-
ploying automated practical instruction control and delivery
and section C is on science teachers readiness for deploying
automated practical instruction control and delivery. The ini-
tial scale thirty four items where participants were asked to
select as it applies to them. These items were subjected to pilot
testing using teachers who were not part of the final sample
for the study.

Statistical Analysis

The content validity was established by given the draft
to psychometricians and other test item developer experts.
To determine the reliability of the instrument, the internal
consistency of the scale was obtained using Chronbach’s Al-
pha which yielded a value of 0.83. The researcher monitored
the data collection exercise. Frequency count and percentage
were used to analyse the data. The issue of ethical considera-
tion was observed by ensuring that the participants were free
to respond without cohesion. They were also free to withdraw
from participation in the research exercise at any stage where
they feel uncomfortable with the process. Their identities
were protected from any unforeseen or potential danger in
line with data protection and governance as entrenched by
the Nigeria Communication Commission (NCC) of the Fed-
eral Ministry of Community and Digital Economy policy, as
they were taken as anonymous by not requesting or record-
ing their identities. And lastly, the data collected were treated
with confidentiality and solely for research purpose only.

Results

Research Question 1: What is the profile of the science
teachers in Oyo state?

Table 1. Profile of Science Teachers in Oyo State

Variable Frequency Percentage
Age
Below 40 years 40 40.0
41-50 years 47 47.0
51-60 years 13 13.0
Total 100 100.0
Gender
Male 73 73.0
Female 27 27.0
Total 100 100.0
Area of Specialisation
Agricultural science 25 25.0
Biology 25 25.0
Chemistry 25 25.0
Physics 25 25.0
Total 100 100.0
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Table 1 shows the descriptive statistics of the profile of
the respondents (science teachers in Oyo state). The result
revealed that 47 (47%) of the teachers in Oyo state are be-
tween 41-50 years of age, 40 (40.0%) are below 40 years of age
and 13 (13%) are 51-60 years of age. Of these age brackets, 73
(73%) are male and 27 (27%) are female science teachers. 25
(25%) each of the respondents are teachers for the Agricul-
tural science, Biology, Chemistry and Physics.

Research Question 2: What are the challenges inherent in
the deployment of automated practical instruction control
and delivery?

Table 2. Challenges of Deploying Automated Practical
Instruction Control and Delivery

S/N Challenges Very Sure Not sure Unsure
sure
84 16
b Cost 84% 16%
. 83 - 1 16
2 Resistant to change 83% 1% 16%
. . . 83 16 1
3 Technical difficulties 83% 16% 1%
4 Integration with 65 1 16 18
existing system 65% 1% 16% 18%
.1 67 16 16 1
5 Ethical issue 67% 16% 16% 1%

Table 2 presents the challenges inherent in the deploy-
ment of automated practical instruction control and delivery
system. The table revealed that 84 (84%) of the respondent
indicated that very sure cost is one of the challenges, and the
remaining 16 (16%) indicated not sure to the statement to the
same statement. 83 (83%) of the respondents indicated that
very sure many science teachers are resistant to change and
the remaining 17 (17%) indicated not sure to the statement.
The table also shows that 83 (83%) responded that very sure
technical difficulties is another challenge for deployment of
automated practical instruction control and delivery system
and 17 (17%) indicated not sure to the statement. 67 (67%)
indicated very sure ethical issue is another challenge and
16 (16%) indicated not sure to the same statement. Also, 65
(65%) of the respondents indicated that very sure integration
with existing system is yet another challenge as against 16
(16%) of the respondents who indicated not sure to the same
statement.

Research Question 3: What is the level of readiness of sci-
ence teachers for deployment of automated practical instruc-
tion control and delivery?

Table 3. Readiness of Science Teachers for Deploying
Automated Practical Instruction Control and Delivery
System

S/N Level Frequency Percentage
1 Low 24 24.0
2 Moderate 64 64.0
3 High 12 12.0
4 Total 100 100.0

Table 3 shows the level of readiness of science teachers
for deployment of automated practical instruction control
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and delivery. The table revealed that 64 (64%) of the science
teachers are moderately ready for the deployment of auto-
mated practical instruction control and delivery system while
24 (24%) are lowly ready and 12 (12%) are highly ready de-
spite the prevailing challenges for the deployment.

Discussion

Result on the profile of the respondents (science teach-
ers in Oyo state) revealed that 47 there more teachers who
are between 41-50 years of age than below 40 years of age
and 51-60 years of age. Of these age brackets, there more
are male than female science teachers. The finding on the
challenges inherent in the deployment of automated prac-
tical instruction control and delivery system revealed that
many of the respondent indicated that very sure cost is one
of the challenges, and the remaining indicated not sure to
the statement to the same statement. The table also shows
that more responded that very sure technical difficulties is
another challenge for deployment of automated practical in-
struction control and delivery system and few indicated not
sure to the statement. Many indicated very sure ethical issue
is another challenge and few indicated not sure to the same
statement. Also, many of the respondents indicated that very
sure integration with existing system is yet another challenge
as against few of the respondents who indicated not sure to
the same statement.

The finding of this study is in tune with that of Luckin
and Cukurova (2019) who reported that developers of Al
have limited knowledge about learning sciences and insuf-
ficient pedagogical understanding for the successful integra-
tion of Al into teaching. Consequently, AI developers fre-
quently overlook the expectations of teachers, who are the
end-users of Al in education. These are sure challenges of
implementing automation in school system.

The result on the level of readiness of science teachers
for deployment of automated practical instruction control
and delivery revealed that majority of the science teachers
are moderately ready for the deployment of automated prac-
tical instruction control and delivery system while some are
lowly ready and few are highly ready despite the prevailing
challenges for the deployment. The result of this study cor-
roborates that of Seufert, Guggemos & Sailer, (2020) who
found out that teachers are highly important in Al-based
teaching and learning process and therefore essential to take
their readiness for advancement of artificial intelligence in
schools to higher level. Therefore, their opinions, past experi-
ences, and expectations must be taken into account to ensure
the successful integration of Al in schools.

Conclusions

The use of automation in science practical instruction
delivery and education, in general, has benefits over manual
delivery, as seen by the science teachers in Oyo state battle
ready for its deployment despite the challenges beset it as es-
poused in the discussion. This implies that whenever the pub-
lic examination bodies are set to deploy automated practical
science instruction to schools and supervisors, the science
teachers are ready to adopt it. It is therefore recommend-
ed that efforts be geared towards overcoming the inherent
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challenges like making automation less costly, creating more
awareness of the benefit of Al, and securing data protection,
among others, so that the benefits can be fully enjoyed. Also,
science teachers who are highly ready for automation should
be motivated. In contrast, moderately and lowly-ready others
should be encouraged to avert the shortcomings of manual
delivery and adopt the global best practices.
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ABTOMaTN30BaHa CUCTEMA KOHTPOJIIO Ta AJOCTaBKN HayKOBUX
NPaAKTUYHUNX IHCTPYKL i ANA AepXKaBHUX WKin

Adis [Ixinamy 48P

'TleHTp OCBITHIX ZOCTIPKEHb Ta MEHEIXKMEHTY

ABTOpCcbKNMil BKIAJ;: A — nu3aiiH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D - migroroska pykomucy; E - 36ip komris

Pedepar. Cratbs: 6 c., 3 Tabm., 17 mxeper.

Icropis muranHs. Posciika IpakTHYHMX IHCTPYKLI IIKO/IaM i KepiBHMKaM Iepel GaKTUIHUM IIPOBEeHHAM IPAKTUIHOTO
icmuTy IpoTAroM 6araTboX POKiB He IPUI/A/IA TAKOTO XK PiBHA YBary, sK IepeMillleHHIO JIofielt i ToBapiB, i, 0Te, CXUIIbHA 0 IIPO-
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61eM. OHaK MpoLieC MO>KHA aBTOMATH3YBATH 3a JOIIOMOTOI0 LITYYHOTO iHTeIeKTY. Y IONepelHiX HOCIi/PKeHHAX BUBYABCs BIUIUB
aBTOMaTH3alil Ha KOHTPOJIb i JOCTaBKy BaHTa)KiB y CEKTOpi yIpaB/IiHH: TPAaHCIOPTOM.

Iimi. Y npoMy JOCIi/PKeHH] OLIiHIOBAINCA IIPOO/IeMM Ta TOTOBHICTD YYUTETIB IPUPOIHIYMX HayK O aBTOMATU30BAHMX CHC-
TeM KOHTPOJIIO Ta IPOBENEHHA IPAKTUYHMX iHCTPYKLIIL.

Marepianu Ta MeTopu. Y [OCTiIKeHH] 6yB IPUIHATHI AM3aliH HOCTPAKTYM i 3a/Iy4eHO CTO BUMTENiB IPUPOSHUYMX HAYK.
ToTOBHICTb BUNTENA IPUPOFHNYMX HAYK /10 aBTOMATI30BAaHOTO KOHTPOJIIO Ta IPOBEJieHHA MPAaKTUYHMX iHCTpyKLiit (r = 0,83) Bu-
KOPYCTOBYBAJIACS [/Is1 300PY HAHMX, SIKi aHA/II3yBa/INCsI OIICOBO.

PesynpraTu. BunreniB npupofHIYNX HayK YOMOBIKiB (73%) 6inbiie, HiXK >KiHOK (27%). 84% pecrOHIEHTIB Ha3Ba/lIu BapTiCTh
opHi€ero 3 Ipo6yeM, a 83% BKasaiu Ha OIip 3MiHAM i TeXHIYHI TPyAHOL, eTi4Hi mpo6remu (67%) Ta iHTerpaito 3 iCHy:04010 CrcTe-
Moio (65%). Bumreni mpupogHn4mx HayK moMipHo roToBi (64%). [l HOpiBHAHHSA, 24% MaIOTh HU3bKY FOTOBHICTBD, a 12% — BUCOKY
TOTOBHICTb PO3STOPTATH aBTOMATU30BaHy CUCTEMY KOHTPOJIIO Ta HaJaHHA NPAKTUIHUX IHCTPYKIilL.

BucHOBOK. ABTOMAaTH3AalliA HaJAaHHA MPAKTUYHIX HAyKOBMX IHCTPYKILill Ma€ Oi/IbIIl 3HAUHI ITepeBaru, HXK PyIHUI METOS; OfI-
HaK BYMTe/ IPUPOJHNYNX HAYK TOTOBI O JI0T0 BIIPOBAKEHHs, HE3BXKAI0UN Ha TPyAHOLIL. TaKuM 4MHOM, 3yCH/ULs HOBUHHI 6y TH
CIIPsAMOBaHI Ha MOJI0NIAHHA IPUTAMAHHNX TPYAHOIIIB, 1100 MOYXHA 0Y/I0 IIOBHOIO MipPOI0 HACOTOMKYBATHUCS TIepeBaraMiL.

Knroyosi cmoBa: aBToMarusalis, ITYYHNI iHTENTEKT, BUKIa/jadi MIPUPOAHMYMX HAYK, IIPAKTUYHI iHCTPYKILii, c1cTeMa rOTOB-
HOCTI Ta JOCTaBKIU.
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Abstract

Objectives. To determine the effectiveness of the author’s methodological system for training future specialists in
physical culture and sports for educational activities related to sustainable development, focusing on the formation of
the cognitive component of readiness.

Materials and methods. The study involved 390 students from the faculties of physical education at T.H. Shevchenko
National University “Chernihiv Colehium’, the National University of Life and Environmental Sciences of Ukraine,
Sumy State University, and Sumy State Pedagogical University named after A.S. Makarenko - future specialists in
physical culture and sports. The participants, who were from various courses and were of both sexes, were divided
into control and experimental groups. The methods used included surveys, testing, pedagogical experiments, analysis,
synthesis, and generalization of information, and mathematical statistics methods.

Results. At the beginning of the study, 93.33% of the students in the control group and 86.67% of the students in the
experimental group had low levels of cognitive readiness for educational activities related to sustainable development.
The final test revealed a significant improvement in this indicator within the experimental group: 32.22% of the
students had a low level of cognitive readiness, 48.89% had a satisfactory level, 17.78% had an average level, and

1.11% had a high level. Relevant improvements were observed across all criteria (content components) of readiness,
including: knowledge of the history of the new paradigm of human development and international documents

on sustainable development; understanding the essence of sustainable development; comprehension of ecological laws
governing human existence; and knowledge and understanding of the ecological, economic, and social components
of sustainable development, as well as the role of physical culture and sport in promoting sustainable development.

In the control group, no significant changes were observed in the levels of cognitive readiness for educational activities
related to sustainable development by the end of the experiment.

Conclusions. The results of the pedagogical experiment confirm the positive impact of the developed methodological
system on the formation of the cognitive component of future specialists’ readiness in physical culture and sports for
educational activities related to sustainable development.

Keywords: sustainable development, education, physical education, sports, physical education teacher, sports coach.

Introduction Standartyzatsiia profesiinoi osvity, 2018). Higher education
standards are being developed and approved. For instance,
in 2019, the Ministry of Education and Science of Ukraine
approved the higher education standard for the specialty 017
‘Physical Culture and Sports’ at the first (bachelor’s) level of
higher education. This standard includes the development of
the following general competency in graduates: “The ability
to exercise their rights and responsibilities as a member of
society, to understand the values of a civil (democratic) so-
ciety, and the need for its sustainable development, as well as
the rule of law, and human and civil rights and freedoms in

Education is a priority for any country striving to de-
velop (Kremen, 2001). After the signing of the EU-Ukraine
Agreement (Uriadovyi portal, 2014), Ukraine’s education
sector began to adopt the experience of developed European
countries. A new wave of reforms has started, incorporating
best international practices, and resulted in another phase
of standardization in Ukraine’s education system, impacting
all levels of education (Hlushko, 2017; Bakhrushyn, 2020;

© Tsyhura, H., & Harkusha, S., 2024. Ukraine” (Ministerstvo osvity i nauky Ukrainy, 2019).
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This is reflected in the educational and professional pro-
grams for training specialists in physical culture and sports
at the first (bachelor’s) level of higher education in the spe-
cialities 017 Physical Culture and Sports (Osvitno-profesiina
prohrama «Fizychna kultura i sport», 2020) and 014 Second-
ary Education (Physical Culture) (Osvitno-profesiina proh-
rama Serednia osvita (Fizychna kultura), 2020). In accord-
ance with these educational and professional programs, the
development of this competency is integrated into the study
of courses such as: “History of Ukraine”, “Ukrainian Lan-
guage”, “Philosophy and Cultural Studies”, “Jurisprudence’,
and “Tourism Work” A similar approach is used to develop
this competency in other higher education institutions in
Ukraine that offer bachelor’s degrees in Physical Education
and Sports and Secondary Education (Physical Education)
(Tsyhura & Harkusha, 2020). It is worth noting that the com-
petency of “awareness of the need for sustainable develop-
ment of society” forms the foundation for future professionals
in physical education and sports to cultivate key competen-
cies in students, such as competence in natural sciences and
technologies, social and civic competence, environmental
literacy, and healthy living. Furthermore, each curriculum
includes the following content areas: “Environmental Safety
and Sustainable Development”, “Civic Responsibility”, and
“Health and Safety” (Navchalna prohrama z fizychnoi kul-
tury, 2022). Therefore, it is evident that the aforementioned
general competency - “awareness of the need for sustainable
development of society” — comprises the following compo-
nents: understanding the essence of the new paradigm of hu-
man development and knowledge of the reasons for its emer-
gence; understanding the ultimate goal that global society is
striving towards; and knowledge of methods to achieve sus-
tainable development and the application of this knowledge
in both professional and personal contexts. However, courses
offered in the educational programs alone cannot fully de-
velop “awareness of the need for sustainable development of
society”, as confirmed by previous studies (Tsyhura, 2021).

Scientists abroad are much more concerned with the
transition to sustainable education (UNESCO, 2014; Laurie
et al., 2016; Sengers et al., 2019) than those in Ukraine (Os-
vita dlia staloho rozvytku, 2007; Pometun, 2015; Koreneva,
2018). In their studies, they also highlighted the challenges of
incorporating sustainable development into physical educa-
tion. In particular, they emphasized the lack of knowledge
and guidance for physical education teachers on how to im-
plement such activities, as well as the limited time and re-
sources available in school physical education for education
related to sustainable development. However, physical edu-
cation itself is positively regarded for its potential to foster
attitudes and values necessary for sustainable development
(Baena-Morales et al., 2022; Merma-Molina, 2023). There-
fore, they argued that researchers should focus on explor-
ing and deepening the ways in which the field of physical
education and sports can contribute to the achievement of
sustainable development goals (Baena-Morales & Ferriz-
Valero, 2023).

The purpose of the study is to determine the effective-
ness of the author’s methodological system for training future
physical education and sports specialists in educational activ-
ities related to sustainable development, specifically focusing
on the formation of the cognitive component of readiness.

>
> >
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Materials and methods

Study participant

The study involved 390 students from physical education
faculties - future specialists in physical culture and sports -
who were divided into control and experimental groups. The
control group consisted of students from T.H. Shevchenko
National University “Chernihiv Colehium”. The experimen-
tal group included students from T.H. Shevchenko National
University “Chernihiv Colehium?, the National University of
Life and Environmental Sciences, Sumy State University, and
Sumy State Pedagogical University named after A.S. Maka-
renko. Only students in physical education departments par-
ticipated in the study. Both sexes and differ academic years
were represented among the participants.

At the initial stage of the experiment, both the control
and experimental groups comprised 90 students each. The
control group consisted of 52 boys (57.78%) and 38 girls
(42.22%), while the experimental group consisted of 55 boys
(61.11%) and 35 girls (38.89%). At the formative stage of the
experiment, the control group had 83 students, including 44
boys (53%) and 39 girls (47%), while the experimental group
had 90 students, consisting of 49 boys (54.44%) and 41 girls
(45.56%).

Study organization

The pedagogical experiment was conducted from 2019
to 2024, following relevant recommendations (Sysoieva &
Krystopchuk, 2013). The study was carried out in stages. At
the ascertaining stage, future physical education and sports
professionals were tested to determine their initial readiness
level for sustainable development. During the formative stage,
participants in the experimental group were introduced to a
methodological system developed for training students at the
Faculty of Physical Education in these activities. At the con-
trol stage, the participants’ levels of readiness for educational
activities related to sustainable development was assessed.

The methods used in the study included: a pedagogi-
cal experiment, surveys, testing, analysis, synthesis, and of
information, as well as mathematical and statistical methods.

To evaluate the formation of the cognitive component
of future physical education and sports specialists’ readiness
for educational activities related to sustainable development,
thematic tests were used. These tests were created using
Google Forms. The test questions were based on the material
provided to the students during their study of the author’s
course “Sustainable Development in Physical Culture and
Sports” and were aligned with the indicators of cognitive
readiness. The tests covered the following knowledge areas:
historical origins and formation of sustainable development;
problems of civilisation and ways to address them; funda-
mental ecological laws of life on the planet; the essence of
sustainable development; the environmental, economic and
social components of sustainable development and their in-
terdependence; the role of the education and sports sectors
in promoting sustainable development; and the role of physi-
cal education and sports specialists in fostering sustainable
development. In addition, the tests assessed the impact of
human activities on the environment.
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Accordingly, the indicators of the cognitive criterion of
readiness were as follows:

Knowledge of the formation history of a new paradigm
of human development and international documents re-
lated to the implementation of sustainable development;
Knowledge and understanding of the essence of sustain-
able development;

Understanding the ecological laws of human existence;
Knowledge and understanding of the environmental
components of sustainable development;

Knowledge and understanding of the economic compo-
nent of sustainable development;

Knowledge and understanding of the social components
of sustainable development;

Knowledge and understanding of the role and involve-
ment of physical culture and sports in the sustainable
development of society;

Systematic thinking on sustainable development issues.
Formation of the cognitive component of readiness for
future specialists in physical culture and sports for education-
al activities related to sustainable development was assessed
by converting the scores obtained by students into the ECTS
scale used for evaluating the quality of educational achieve-
ments in higher education institutions: 0-59 points - low
level; 60-74 points - satisfactory level; 75-89 points — average
level; 90-100 points — high level. The same scale was used to
assess each indicator (content component) of the cognitive
component.

The tests, created using Google Forms, were distributed
through Google Classroom, which also contained all the
educational and methodological information for the course
“Sustainable Development in Physical Culture and Sports”

Statistical analysis

The systematization of the materials and mathematical
processing were performed using Microsoft® Excel 2010. The
non-parametric Pearsons x2 criterion was applied to com-
pare the results of the study at a significance level of p < 0.05
(Herych, Syniavska, 2021).

Results

Here, we present results related to the cognitive com-
ponent of physical education for future physical education
and sports specialists’ readiness for educational activities that
promote sustainable development.

At the ascertaining stage of the pedagogical experiment,
the level of formation of the cognitive component in both
the control and experimental groups was not significantly
different and was predominantly low (Fig. 1). This compari-
son is supported by the calculation of Pearson’s criterion:
Xempiricst < X crtiar (2-22 < 3.84, p < 0.05). Specifically, 93.33%
of students (84 individuals) in the control group and 86.67%
of students (78 individuals) in the experimental group had
a low level of readiness; 5.56% (5 individuals) and 12.22%
(11 individuals) of students in the control and experimental
groups, respectively, had a satisfactory level; and 1.11% of re-
spondents (1 individual) in each group exhibited an average
level of cognitive readiness for educational activities related
to sustainable development.
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Upon analyzing the data from the final test, we observed
a significant improvement in the formation of this compo-
nent in the experimental group. Pearson’s criterion calcu-
lation after the formative stage of the experiment revealed
a notable difference between the control and experimental
groups: X°_ i <X iea (65-97 > 5.99, p < 0.05). In the con-
trol group, 91.57% of students (76 individuals) remained at a
low level, 7.23% (6 individuals) achieved a satisfactory level,
and 1.2% (1 individual) demonstrated an average level of this
component (Fig. 1). In contrast, in the experimental group,
the percentage of students with a low level of cognitive readi-
ness decreased by 2.7 times compared with the initial data,
resulting in a decrease of 32.22% (29 individuals). Mean-
while, the number of students with a satisfactory level in-
creased to 48.89% (44 individuals); 17.78% (16 individuals)
achieved an average level, and 1.11% (1 individual) reached
a high level of cognitive readiness for educational activities
related to sustainable development (Fig. 1).
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Fig. 1. Diagram showing the levels of cognitive readiness for
sustainable development among future physical education and
sports specialists (% of students): Ca - Control group, ascertaining

stage of the experiment, Cf - Control group in the formative stage of the
experiment, Ea - Experimental group, ascertaining stage of the experiment,
Ef - Experimental group, formative stage of the experiment

Similar designations are used in the other diagrams.

The cognitive component of physical culture and sports
specialists’ readiness for sustainable development has specific
content. Therefore, it is important not only to observe changes
in the levels of this component among different student groups
but also to analyze how well the student groups’ specific content
elements correspond to the indicators of the cognitive criterion.

As shown in Figures 2, 3, and 4, at the beginning of the
experiment, over 80% of students in both groups exhibited
a low level of knowledge across most content components.
However, the distribution of knowledge levels before the ex-
periment varied across indicators, such as “knowledge and
understanding of the economic components of sustainable
development” (Fig. 4). At the outset, the control and experi-
mental groups performed relatively better in this area: 26.67%
and 14.44% of students, respectively, had a satisfactory level
of knowledge; 14.44% and 20.0% had an average level; and
5.56% and 20% demonstrated a high level of knowledge. By
the end of the study, this indicator improved significantly in
the experimental group: the number of students with me-
dium and high levels of knowledge increased by 1.4 and 2
times, respectively, while the number of students with low
levels decreased by nearly three times. Positive changes were
also observed in the control group (Fig. 4).
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Atthe conclusion of the pedagogical experiment, students
in the experimental group showed the greatest improvement
in understanding the “essence of sustainable development”
and its “environmental component.” For these indicators, the
number of students with low levels of knowledge decreased
by 3.8 and 2.7 times, respectively (Figs. 2 and 3). Additionally,
37.78% and 44.45% of students reached a satisfactory level
of knowledge, 33.33% and 10.00% achieved an average level,
and 14.44% and 2.22% demonstrated a high level of knowl-
edge about sustainable development and its environmental
components, respectively.

Regarding the indicator “knowledge of the history of the
formation of a new paradigm of human development and inter-
national documents on sustainable development” (Fig. 2), the
results were somewhat different: approximately one-fifth of the
students in the experimental group attained high, medium, and
satisfactory levels of knowledge. The most challenging indicator
to master was “knowledge and understanding of the ecological
laws of human existence,” with 61.12% of respondents still ex-
hibiting a low level of knowledge by the end of the study (Fig. 3).
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Fig. 2. Diagram showing the levels of formation of content
components 1 and 2 of the cognitive component of future
physical education and sport specialists’ readiness for sustainable
development (% of students): 1 - knowledge of the history of the
formation of a new paradigm of human development and international
documents on the implementation of sustainable development; 2 —
knowledge and understanding of the essence of sustainable development
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Fig. 3. Diagram showing the levels of formation of content
components 3 and 4 of the cognitive component of future
physical education and sport specialists’ readiness for sustainable
development (% of students): 3 - understanding of the ecological
laws of human existence; 4 — knowledge and understanding of the
environmental components of sustainable development

In terms of content components such as “knowledge and
understanding of the social component of sustainable de-
velopment” (Fig. 4) and “knowledge and understanding of
the role and involvement of physical culture and sport in the
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Fig. 4. Diagram of the levels of formation of content components 5
and 6 of the cognitive component of future physical education and
sports professionals’ readiness for sustainable development (% of
students): 5 - knowledge and understanding of the economic components
of sustainable development; 6 — knowledge and understanding of the social
components of sustainable development
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Fig. 5. Diagram of the levels of formation of content components
7 and 8 of the cognitive component of future physical education
and sport specialists’ readiness for sustainable development (% of
students): 7 - knowledge and understanding of the role and involvement
of physical culture and sport in sustainable development; 8 - systemic
thinking

sustainable development of society” (Fig. 5), the number of
students with a low level of knowledge at the end of the ex-
periment decreased by 1.8 times, amounting to 43.33% and
46.67%, respectively. Meanwhile, 44.45% and 24.44% of stu-
dents reached a satisfactory level; 10.0% and 18.89% achieved
an average level, and 2.22% and 10.0% reached a high level of
knowledge, respectively.

All these changes were reflected in the indicator “systemic
thinking on sustainable development issues,” which also signifi-
cantly improved among the students in the experimental group
by the end of the experiment. The decrease in the number of
students with a low level of “systemic thinking” corresponded
with an increase in the number of students at the satisfactory
level, reaching 37.78% (up from 22.22% at the baseline stage of
the study). Additionally, 33.33% of students achieved an aver-
age grade level, and 2.22% reached a high grade level.

In the control group, no significant changes were ob-
served in the components identified for physical education
and sports specialists’ readiness for educational activities re-
lated to sustainable development. However, there was a posi-
tive trend towards improvement.

Discussion

The study hypothesized that students in physical edu-
cation faculties - future specialists in physical culture and
sports — have a low level of cognitive readiness for sustain-
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able development. It was found that at the beginning of the
pedagogical experiment, on average, 92.45% of students had
a low level of this readiness. Analyzing knowledge levels on
content components of cognitive readiness for sustainable
development provided further insights and revealed key fea-
tures of its formation.

It was unexpected but understandable that at the begin-
ning of the experiment, only 49.45% of participants had a
low level of knowledge about the “economic component of
sustainable development.” This result is plausible given that
many modern Ukrainian students live in contexts in which
managing finances is a pressing issue for almost every family
(Statystychnyi shchorichnyk Ukrainy, 2022). In contrast, a
higher percentage of students had a low level of knowledge in
other content areas, ranging from 67.78% to 94.44%. Specifi-
cally, the high percentage of students with low knowledge in
areas such as “knowledge and understanding of the environ-
mental component of sustainable development” and “knowl-
edge and understanding of the social component of sustaina-
ble development” was surprising, with 74.45% and 79.45% of
students, respectively. This is particularly unexpected given
that environmental and social issues are prominent in the
education sector of most developed countries (Safranov et al.,
2022). At the current stage of Ukraine’s development, social
and environmental issues are extremely relevant due to the
negative impact of the ongoing conflict with the Russian Fed-
eration on various aspects of life, including environmental
quality and public health (Ekolohichni naslidky viiny, 2022;
Nevydymi naslidky viiny, 2023; Sotsialno-ekonomichni ta
humanitarni naslidky rosiiskoi ahresii, 2022). Therefore, we
anticipated higher levels of student knowledge and under-
standing of the environmental and social components of sus-
tainable development at the start of the experiment.

The results from the beginning of the experiment under-
score the necessity of preparing future physical education and
sports specialists for educational activities related to sustain-
able development. They also align with the findings of inter-
national research, which highlighted the challenges of inte-
grating sustainable development into physical education and
sought ways to engage the field of physical culture and sports
in achieving sustainable development goals (Merma-Molina
et al., 2022; Baena-Morales, 2023). Our research addressed
this gap by developing the course “Sustainable Development
in Physical Culture and Sports” and a methodological system
for training future specialists in physical culture and sports
for educational activities related to sustainable development.

By the end of the experiment, students engaged in sus-
tainability-related work in their professional fields showed
significant improvements across all content components of
cognitive readiness for sustainable development, as reflected
in the overall indicator. The most notable improvements were
observed in the following components: the history of the
formation of a new paradigm of human development and
knowledge of international documents on sustainable devel-
opment; knowledge and understanding of the essence of sus-
tainable development; and knowledge and understanding of
the environmental component of sustainable development.
The number of students with a low level of these compo-
nents decreased by 2.3 to 3.8 times (i.e., by 45.56% to 50%),
whereas the number of students at satisfactory, medium, and
high levels increased accordingly. The smallest changes were
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observed in the component of understanding the ecological
laws of human existence, which can be attributed to the fact
that grasping these laws requires strong systemic thinking.

The decrease by the end of the experiment of only 35.55%
in the number of students with a low level of “knowledge and
understanding of the role and involvement of physical cul-
ture and sport in the sustainable development of society” can
be attributed to several factors. The primary reason is the lack
of Ukrainian-language resources on this topic that allow stu-
dents to independently study under the current conditions of
education in Ukraine (since 2019, distance or online learn-
ing has become predominant in Ukrainian higher educa-
tion institutions). Information on the involvement of physi-
cal culture and sports in sustainable development is scarcely
reported in Ukrainian-language sources - it is not available
in the media, on the internet, or in teaching materials. As we
have previously noted (Tsyhura, 2023), even the Ukrainian-
language website of the International Olympic Committee
lacks information on sport’s role in sustainable development.
In contrast, the English-language website features a dedicated
“Sustainability” page with extensive information and guide-
lines for athletes and sports organizations on sustainable de-
velopment activities (I0C, 2024).

In the control group, no significant changes were ob-
served in the indicators of cognitive readiness for educational
activities related to sustainable development at the end of the
pedagogical experiment. However, there was a positive trend
in some content components, which can be attributed to the
availability of environmental and social sector material in
the Ukrainian information space, the high level of attention
paid to the sustainability of the country’s economic sector
and business structures, and the involvement of international
partners in Ukraine’s recovery from the consequences of the
Russian war (Suspilne.media, 2024).

Conclusions

The results of the pedagogical experiment confirm the
positive impact of the developed methodological system on
the formation of the cognitive component of future physical
education and sports specialists’ readiness for educational
activities related to sustainable development. At the begin-
ning of the experiment, 86.67% of respondents had a low
cognitive readiness level, 12.22% had a satisfactory level, and
1.11% had an average cognitive readiness level for educa-
tional activities related to sustainable development. By the
end of the experiment, the number of students with low levels
decreased by 2.7 times (to 32.22%), and the number of stu-
dents with satisfactory and average level increased to 48.89%
and 17.78%, respectively.
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@opMyBaHHA KOFHITUBHOIO KOMNOHEHTA FOTOBHOCTI
ManbyTHix ¢paxiBuiB Pi3MYHOI KynbTypm i cnOpTy
A0 OCBITHbOI AiANbHOCTI ANA CTaNOro po3BUTKY

Tanuua Iurypa'A*“P, Cepriit Fapkymra'4P

'Hanionanpunii yHiBepcuteT «UepHiriBcbkuit koneriym» imeni T. I. IlleBuenka
ABTOpCHKNMI BRI A — ausaiiH gocmipkeHsss; B — 36ip ganux; C — crataHanis; D — migroroska pykomcy; E — 36ip kowtis

Pedepar. Crarbst: 7 ., 5 puc., 30 mxeper.

Mera JOCTi>)KeHHA — BUABUTU e(eKTUBHICTb aBTOPCHKOI METOAMYHOI CUCTEMH MIATOTOBKM MartOyTHIX ¢axiBiiB ¢isuaHOl
KY/IBTYPH i CIIOPTY /10 OCBITHBOI AiAIBHOCTI /I CTAZIOTO PO3BUTKY Ha GOPMYBaHH:A KOTHITUBHOTO KOMIOHEHTA TOTOBHOCTI.

Marepianu Ta MeTomm. Y gocipkenHi 6pamm ydactb 390 cTyzieHTiB akynpreTis dpisuuHoro suxosanssa HarionanpHoro yHi-
BepcnteTy «YUepHiriBcbkuit komeriym» imeni T.I.IIleBuenka, HanioHambHOTO yHiBepcuTeTy 6iopecypciB i IpMpomoOKOpUCTyBaHHA
Ykpainn, CyMCbKOTO Jiep>)kaBHOro yHiBepcuTeTy Ta CyMCbKOTO JIEP>)KaBHOT'O IeflaroriyHoro yHisepcurety imeHi A. C. MakapeHka
— MaitbyTHi ¢axiBui GisuuHOI KyIbTYpH i CHOPTY. YYaCHUKY JOCTIIKEHH: TIPeCTaB/IeHi 060Ma CTaTAMU Pi3HUX KypPCiB, 3 AKMX
0yn0 copMOBaHO KOHTPO/IBHY Ta eKCIIePMMEHTa/IbHY IPYII. BUKOpKcTaHi METOAM ONUTYBaHHS, TeCTYBAHH, IeJArOTiYHMIT eKC-
MIepMMEHT, aHAJIi3Y, CUHTe3Y Ta y3araJbHeHH: iHpopMallii, MeTO[M MaTeMaTU4HOI CTATUCTUKIL.

PesynpraTn. Ha nmodatky mocmimxennsa 93,33 % cTymeHTiB KOHTPO/NbHOI rpymu Ta 86,67% CTYIeHTiB eKCIlepMMEeHTalIbHOI
TPYyIM Majy HU3bKUII PiBeHb KOTHITMBHOTO KOMIIOHEHTA FOTOBHOCTI [JO OCBITHBOI [ifANbHOCTI [ CTa/Ior0 PO3BUTKY. 3aBepIIajib-
He TeCTyBaHHA II0Ka3ajI0 iCTOTHE NOKPalleHHA JOCTiPKYBaHOIO ITOKa3HMKA B €KCIIEPMMEHTA/IbHIN IPYIi: CTY[EHTIB 3 HU3bKIM
PpiBHEM KOTHITMBHOTO KOMIIOHEHTA TOC/II/KYBaHOI FOTOBHOCTI 6yr10 32,22%, i3 3agoBiibHuM piBHeM — 48,89%, i3 cepenHim piBHeM
-17,78%, 3 Bucoxnm - 1,11%. BigmoBinHi 3MiHM IpocTeXXyI0ThCA 3a yciMa KpuTepiAMu (3MiCTOBHMMY CKTaJHUKaMI) TOTOBHOCTI:
3HaHHA iCTOpil CTAaHOB/IEHHA HOBOI ITapaIUTMM PO3BUTKY JII0JCTBA Ta MDKHAPOJHMX JOKYMEHTIB I[O/I0 peasli3allii CTajloro pO3BM-
TKY; 3HaHHA i pO3yMiHHA CYTHOCTI CTaJIOr0 PO3BUTKY; PO3YMiHHA €KOJIOTiYHUX 3aKOHIB iCHYBaHH: JIIO[CTBA; 3HAHHA 1 PO3YMiHHA
€KOJIOTiYHOI CK/Ia/IOBOIL CTa/IOr0 PO3BUTKY; 3HAHHA i PO3yMiHHs €KOHOMIYHOI CK/IaIOBOL CTa/IOr0 PO3SBUTKY; 3HAHHA i pO3yMiHHS
collia/IbHOI CK/Iaf{0BOI CTA/IOTO PO3BUTKY; 3HAHHA i pO3yMiHHA pOJTi Ta pUYeTHOCTI Ppi3N4HOI KYIBTYPH i CIIOPTY AJIA CTA/IOTO PO3-
BUTKY CYCIi/IbCTBA; CUCTEMHE MUCTIEHHS.

Y KOHTpOJBHIl TPyTIi Ha 3aBeplLIeHHA €KCIIePMMEHTY IOCTOBIPHMX 3MiH I110JJ0 PiBHiB KOTHITMBHOTO KOMIIOHEHTA TOTOBHOCTI
MaitOyTHIX daxiBuiB (isNIHOI KYIbTYpPH i CIOPTY 0 OCBITHBOI AiANBHOCTI /ISl CTA/IOTO PO3BUTKY He BUSBJIEHO.

BucHOBOK. Pe3y/IbTaTi IearorivyHoro eKCIepyMeHTy MiATBeP/PKYIOTh ITOSUTUBHUI BIUIMB PO3PO6IEHOI METOAMYHOI CUC-
TeM) Ha (POPMYBAHHS KOTHITMBHOTO KOMIIOHEHTA FOTOBHOCTI MaitOyTHIX ¢axiBuiB (isndHOI KyIbTYpH i CIOPTY O OCBITHBOI
TiAIBHOCTI [I/I CTA/IOTO PO3BUTKY.

Kiro4oBi croBa: cranmii po3BUTOK, OCBiTa, i3nuHe BUXOBAHHS, CIIOPT, BUNTE/Ib (i3NUHOIO BUXOBAHHSI, CIIOPTUBHUIL TPEHep.
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Reviewer Guidelines

Reviewer Guidelines

This journal is peer-reviewed. Original research articles,
research notes and review articles are sent for consideration
to one of the reviewers. This journal uses double-blind review.
Articles are accepted for publication after positive evaluation.
The editorial staff reserves the right to make changes to the
text to meet the journal and language standards.

How to prepare a review

Preview

Before accepting or declining the review request, please
consider the following issues:

Does the article match your area of expertise? Ac-
cept an invitation if you are sure that you can pro-
vide a high quality review.

Do you have a competing interest? Answer this
question.

Can you complete your review in time? Reviewing
may take a lot of time — before accepting an invita-
tion make sure that you can complete the review by
the suggested deadline.

Reply to the invitation at your earliest convenience. De-
lay in response slows down the process of reviewing the ma-
terial. If you decline the invitation, provide suggestions for
alternative reviewers, if possible.

If you accept an invitation, then you should consider the
materials as confidential documents. This means that you
cannot share them with anyone without the prior permission
of the editor. As the expert review is confidential, you must
not provide information about the review to anyone without
the permission of the editors and authors.

First, read the article and then take a break. Consider the
article from your own perspective. Make sure that you know
the criteria for evaluating the article offered by the journal.

Review

Your review will help the editor decide whether to pub-
lish the article or not. Giving your overall opinion and gen-
eral conclusions about the article are essential. Your com-
ments should be courteous and constructive, and should not
contain any personal remarks or personal data, including
your name.

Providing insight into any deficiencies is important. You
need to explain your judgment so that both editors and au-
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thors will be able to fully understand the reasoning behind
your comments.

Checklist

Please evaluate the following aspects of the article: (If the
answer is “No’, please make your improvements in the field
“Information for authors”, if applicable)

Does the title accurately reflect the content of the
text?

Is the aim of the review clearly stated?

Does this article make a significant contribution to
the development of this problem?

Is the article sufficiently complete and up-to-date?
Is the article clearly written (concise, clear and well
organised)?

Is the essence of the article covered in the abstract?
Is the abstract informative and concise?

Are the author’s conclusions adequately supported
by references?

Please provide specific comments and suggestions,
particularly on the layout, title, description, introduction,
hypothesis and/or subject of study, materials and methods,
statistical processing of materials, results, discussions, con-
clusions, language and references.

If you see the manifestations of academic dishonesty,
discuss your suspicions with the editor, providing as much
detail as possible.

Your Recommendation

When making a recommendation you select one of the
categories that are used to classify the article:
Accept Submission
Revisions Required
Resubmit for Review
Resubmit Elsewhere
Decline Submission

Final Decision

The editor-in-chief decides whether to accept or reject
the article. The editor, before making a decision, will weigh
all the views and may call for a third opinion or ask the author
to revise the document. The editorial system provides users
with a notification of the final decision.
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Ethical Principles

Ethical Principles

The principles of professional ethics governing the edi-
tor’s and publisher’s work are:
when deciding to publish an article, the editor of the
journal proceeds from its scientific significance and
accuracy of the presented data;
the editor assesses the manuscript content irrespec-
tive of the nationality or ethnicity, gender, political
views, institutional affiliation of its author(s);
the unpublished data contained in the manuscript
shall not be given to third parties without the au-
thor’s written consent, except for the purpose of peer
reviewing;
the editor will not allow publication of the article in
the instance of having reasonable grounds to con-
clude that the article contains plagiarized content
or ideas;
the editor is responsible for resolving conflicts and
doing whatever is necessary to prevent infringe-
ments of the author’s rights.

Reviewer’s Ethical Principles

The reviewer provides unbiased professional review of
the article submitted for consideration based on the follow-
ing principles:
the reviewer will respect the authors’ intellectual
property and treat the manuscript received for re-
view as confidential and such that cannot be given
for consideration or discussion to third parties that
are not authorized to do so by the Editorial Board;
the reviewer will offer objective assessment of the re-
search results presented in the manuscript; personal
criticism of the author is unacceptable;
the editor will be informed immediately of any con-
flict of interests between the reviewer and the author
and requested to have this reviewer excluded from
the article reviewing process.

Author-Guiding Principles

The responsibility for the novelty and accuracy of the
research results rests on the author who will:
provide reliable research results that contain no er-
roneous or falsified data;
guarantee the originality of the research results;
provide adequate references to the data, facts, evi-
dence used in the text of the article with the original
sources listed;

82

ensure proper formatting of quotations;

clearly indicate and credit the contribution of other
scientists to the matter under study;

not submit the manuscript sent to, under considera-
tion in or already published by another journal.

if a clinical research or experimental study involves
human subjects, the study must conform to the di-
rective of the Helsinki Declaration, and the study
must have the ethical approval of the relevant in-
stitution with signatures from the ethics commit-
tee. For experiments conducted within the field of
Physical Education and Sport, the author(s) must
have the approval of the institution to publish the
experimental data. The participants must be anony-
mous, both in pictures and in the text.

The texts of the articles, tables, graphics, formulae are
protected by the law on copyright.

The author of the article bears full responsibility for the
accuracy of the facts, quotations, proper names, geographical
names, names of organizations and institutions, and other
information.

Plagiarism Policy

The Editorial Board of the journal considers plagiarism
in articles unacceptable (publication in a written or electronic
form of the research results obtained and published by other
persons as the author’s own contribution, or reprint of the
published texts authored by other persons without proper
reference thereto).

The articles must not contain:
copied or published work executed by other scholars
and presented as the author’s own findings.
word-for-word copying of fragments of any text
(from a single phrase to several sentences) without
proper quotation formatting;
slightly modified copied material (re-phrased sen-
tences, changes in the word order, etc.) without
proper quotation/reference formatting;
other people’s thoughts, ideas or texts rendered in
the author’s own words without providing proper
references to the sources.

The author must provide references to his or her own
previously published works.

The Editorial Board reserves the right to reject any man-
uscript containing borrowings from previous publications
without proper references thereto and can cancel any publi-
cation pursuant to a plagiarism complaint.

The Editorial Board use Unicheck.
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Editorial Process

Preliminary consideration of the
submission (up to 2 weeks)

appointment of an editor;

checking the manuscript for consistency with the
thematic scope of the journal;

technical check (volume of the manuscript, volume
of the abstract, assessment of the submission in
terms of the stylistic and bibliographic requirements
set forth in the Guidelines for authors);
determining the relevance, novelty and originality
of the paper;

verifying the presence of a pedagogical experiment,
its compliance with the research methods which
can be repeated (representativeness of the sample,
homogeneity of the sample in terms of age, motor
fitness, level of sports fitness, training experience,
etc.);

if the manuscript is a review paper, the use of the
PRISMA protocol, which covers systematic reviews
and meta-analyses, is checked. Authors are recom-
mended to complete the checklist and the flow dia-
gram and include them in the submission;
plagiarism check.

If the manuscript received a favorable assessment, it is
sent for review, otherwise it is rejected.

Peer Review

Selection and invitation of reviewers, waiting for a re-
sponse to the request (up to 2 weeks). The typical period of
time allowed for reviews is four weeks.

All articles in this journal undergo peer review.

The editor-in-chief of the journal sends the paper for
peer review to experts whose scientific speciality is the closest
to the topic of the paper.

Peer reviewing takes place under a double-blind scheme.
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In each paper, the peer review process always considers:

ethical aspects;

originality of the paper;

the importance of information;

clarity and comprehensibility of the text;
expediency of using the research methods;
interpretation of results;

validity of conclusions.

Making a decision on publication (up to 2 weeks)

discussion of reviews: request for a new version, ac-
ceptance or rejection of the submission;

if a decision is made to request a corrected version
of the manuscript, the author is given 2 weeks to
prepare the manuscript;

if a decision is made to accept the manuscript, it is
sent to the step of preparation for publication.

Preparation for publication (4 weeks)

literary editing;

desktop publishing;

familiarization of the authors with the layout;
correction of printing and formatting errors;
preparation and upload of the electronic version of
the journal.

Publication - Early Access

Publication (on schedule)
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