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Abstract

Study purpose. The purpose of this study was to determine the effect of training using simple training tools, namely
rubber band, ropes and foam sticks, on the Guntingan skills of Pencak Silat athletes.

Materials and methods. This study used an experimental method with a pretest-posttest control group design.

In this design there were two sample groups, namely the experimental simple training tools group and the simple
guntingan skills training group. 60 athletes from Betako Merpati Putih PPS Pencak Silat School at MA Al-Khairiyah
Jakarta participated in this study, devided into two groups where the experimental group included 30 students

and the control group included 30 students. This study used a waist guntingan test instrument which consists of

26 aspects of assessment that were validated by 3 experts in Pencak Silat.

Results. There are significant differences in the participants’ test results before and after they were given training
using simple tools and traditional training to improve guntingan skills, but there is a difference in the effect of each
of the guntingan skill trainings in the two groups. The training using simple training tools has better effect on the

guntingan skills than the traditional training method.

Conclusions. Unconventional training tools are effective to be used in Pencak Silat guntingan skills training.
The improvement of athletes in performing guntingan skills shows that simple training tools can be used for Pencak
Silat training. Further study could observe the effect of the tools used in this study on other Pencak Silat skills, or

skills in other martial arts and sports.
Keywords: guntingan, pencak silat, training tools.

Introduction

Student Pencak Silat championships which are held in
various events and schools can increase the number of par-
ticipating athletes, so that excellent and potential athletes will
emerge. The existence of Pencak Silat in schools helps the
development of potential or talented Pencak Silat athletes in
Indonesia. Pencak Silat, as one of the indigenous martial art
of Indonesia (Kasmandana et al., 2019), has been introduced
in high school, where students are taught various basic tech-
niques of Pencak Silat (Sin & Thsan, 2020). Basic technique is a

© Widiastuti, Wardoyo, H., Muslim, B.A., Taufik, M.S.,
Solahuddin, S., & Mulya, G., 2022.
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system or way of doing a fundamental movement. Basic tech-
niques have a very big role in forming other special techniques
because basic techniques are the initial foundation. Forming
reliable and skill ful athletes requires good basic techniques,
which must be done correctly, so that there are no continuous
errors in developing advance techniques (Widiastuti et al.,
2019). There are various Pencak Silat techniques that must
be mastered by athletes. The techniques consist of three basic
techniques, namely attack, defense and bottom techniques. Of
the three basic techniques, the bottom technique is the basic
technique of Pencak Silat which is considered very important
for athletes to master. According to (Listiana & Isdaryono,
2019), the bottom technique of pencak silat is considered
quite effective and efficient to be executed because in the pro-
cess of implementing the motion, the bottom technique is
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the basic technique of pencak silat which is carried out by
interfiring the balance position of the opponent. Guntingan
is one of Pencak Silat techniques which drops an opponent by
clamping the legs on target’s neck, waist, or legs so that the op-
ponent falls (Setyo Kriswanto, 2015). This cutting technique
name refers to the final shape, which when viewed from the
front, where 2 crossed cutting legs resemble the shape of a pair
of scissors, in an oblique position resting on both hands (Ba-
bang et al., 2020; Thsan, 2018). In a competition, the type of
guntingan technique that usually used is the flying guntingan
with the opponent’s waist as the target.

There are 4 stages in the motion of the waist clipping,
which are:

RAAK

Fig. 1. Guntingan Stage (Lubis & Wardoyo, 2016):
(1) Initial position, (2) preparatory position,
(3) execution position, (4) final position

(1) Initial position : The basic stance is the initial stance
taken by an athlete that prepares to attack or defense. The ba-
sic stance is divided into two, namely open and close stance.
The open stance is a basic stance with the position of the
hands and arms not covering the body, while the close stance
is a basic stance with the position of the hands and arms pro-
tecting the body. Open stance is the initial position which
usually used in applying guntingan technique. (2) Prepara-
tory position in this position, hands are used as the support
for body weight. This is performed in order to make athletes
comfortable in executing guntingan techniques. Both hands
are placed in front of the feet to have an explosive start when
executing jumping motion of guntingan technique. (3) Ex-
ecution position : In this position, athlete clamps down on
the opponent’s waist. Athlete’s knees and legs clamp towards
the opponent’s waist so that the guntingan that is made re-
ally sticks to the target. When performing the guntingan
technique, the fighter pins the opponent in the direction of
the waist or groin so that the focused energy will be greater
and more impactful. (4) Final guntingan position is a follow
through from the execution position, whether the guntingan
is successful or not. This position is also useful for shifting
the center of gravity of the opponent, so that the opponent’s
balance is messed and the opponent falls more easily.

Effective training requires good planning, and the media
that will be used in the training also requires good planning.
Using the right training tools or other media can support im-
proving athletes’ skills and performance (Swandana et al., 2021;
Wijayanti et al.,, 2021). Therefore, the selection of training tools
must be in accordance with athlete needs so that it can achieve
the expected goals. This study aims to determine the improve-
ment of Pencak Silat guntingan skills using simple training
tools, namely rubber band, ropes and foam sticks. These train-
ing tools are cheap or even free, waste and recyclable, tools.

Materials and Methods

Study participants

60 athletes from Betako Merpati Putih PPS Pencak Silat
School at MA Al-Khairiyah Jakarta were participated in this
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study, devided in to 30 students on experimental group and
30 on control group.

Study organization

The method used in this study was an experimental
method with a pretest-posttest control group design. In this
design there were two sample groups, namely the experi-
mental simple training tools group and the simple guntingan
skills training group.

The research was carried out for 2 months, a total of
18 training sessions, with training frequency of 3 times a week.
The experiment group used simple tools (rubber tire wastes,
ropes, and foam sticks) as the training aid, while the control
group used traditional guntingan skills training methods.

Rubber tire wastes were used as performance enhance-
ment tools, similar to training rubber bands, which came from
used rubber tires. The rubber tires were cut and then modified
so that can later be used for training aids. Other training tools
used in this study are ropes (Samsudin et al., 2021). The ropes
in this study were useful for basic stance trainings, so that
the basic stance produced can be maximized and achieve the
perfect shape. One of the tools that usually used in martial
art trainings is sandbag. Sandbag is one of the training equip-
ments which used as a target for martial arts athletes to train
their kick and punch (Taufik et al., 2021). Instead of sandbag,
foam sticks were used as the training target in this study, be-
cause foam sticks are elastic, easy to obtain, and affordable.

Before and after the trainings, athletes perform right
and left waist guntingan skills as the pre-test and post test.
This study used a waist guntingan test instrument which
consists of 26 aspects of assessment that have been validated
by 3 Pencak Silat experts.

Statistical analysis

The statistical analysis technique used the Statistic Pack-
age for Social Science (SPSS) version 21 software. The used
the Shapiro-Wilk test, the Paired Sample T-Test with sig-
nificant level (p < 0.05). All data displayed Mean + Standard
Deviation (SD)

Results

The description of the data is a general description
of each variable as a support in the following discussion.
Through this general description, the initial conditions and
after the treatment of the variables studied will emerge. The
data of the waist guntingan skills were obtained from the
results of the waist guntingan test instrument which consists
of 26 aspects of assessment.

The data was collected from the results of the pre-test
and post-test with 2 different groups (experimental group
and control group) before and after the training process us-
ing simple training tools and traditional training methods.
The summary of the data description of the improvement of
waist cutting skills can be seen in Table 1.

The next step is to test the similarity of the two averages
(one side). This was done to determine the effect of the train-
ing using simple training tools and traditional training on
the guntingan skills. The results of the ssignificance test can
be seen in Tables 2 and 3.
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Table 1. General description of waist guntingan skills pre-
test and post-test

Descriptive Statistics Paired Samples Statistics

Mean N SD SE Mean
Pair 1 Pre_test_1  4083.20 30 395.216 72.156
air
Post_test_1 6123.53 30 1064.712 194.389
Pre_test_2 3927.33 30 468.864 85.603
Pair 2
Post_test_2 4148.40 30 366.751 66.959

Table 2. Paired Sample T Test of Training using Simple
Training Tools and Traditional Training On Guntingan
Skills Improvement

Paired samples correlations

N Correlation  Sig.

Media Tools 30 0.997 0.000
Simple Media 30 0.214 0.000

Group 1
Group 2

From the results of the paired sample t test calculation,
it was obtained that the value of 0.00 < 0.05 of experiment
group and 0.00 < 0.05 of the control group, which means
that there are significant differences before and after being
given training using simple tools and traditional training to
improve guntingan sKkills.

From the calculation results in Table 3, it was obtained
from the experiment group was -10.167 while the control
group was -2.285. This shows that the T_count value of the
experiment group is greater than T_Sig or is outside the Ho
acceptance value, and this means that there is a difference
in the effect of each guntingan skill trainings from the two
groups. It can be concluded that there is a difference in the
effect of training using simple training tools and traditional
training on the Pencak Silat guntingan skills. Furthermore,
it can be said that the training using simple training tools
has better effect on the guntingan skills than the traditional
training method.

Discussions

Training tools have been widely used to as performance
enhancement, assessment tools, and injury prevention (Hec-
imovich et al., 2018; Langholz et al., 2016; Rapp & Tirabeni,
2020). Trainers need training tools that can make it easier to
give examples of movement (Syamsiyah et al., 2020). How-
ever, unconventional training method and equipments can
be an effective way to train combat sports athletes (Santa-
na & Fukuda, 2011). This study used simple training tools
which are affordable and easy to obtain, and can be said as

Table 3. t-Test: Paired Two Sample for Means Group

unconventional training tools, because the tools used in this
study are slightly different from the tools that usually used in
Pencak Silat trainings.

Some training tools has been used for Pencak Silat in
previous studies such as (Amrullah, 2016) who used Train-
ing Resistance Xander to improve the athletes’ crescent kick
performance, and (Sinulingga et al., 2018) who developed
a training tool to improve punching speed of Pencak Silat
athletes. While these tools are effective to improve the per-
formances of Pencak Silat athletes, the tools are expensive
or hard to obtain. In addition, several previous studies used
simpler training models and tools to improve the ability of
pencak silat athletes. (Lestiyono & Purwono, 2020) used
agility ladder and cone to improve the kick ability of Pencak
Silat athletes, while (Babang et al., 2020) and (Efendi, 2022)
specifically improved guntingan skills using imagery train-
ing and audio visual media respectively.

Equipments that are simple, easy to obtain, and can be
used in training process, are suitable to be implemented in
Pencak Silat schools (Sudarmanto et al., 2018). The tools
used in this study are not only able to improve guntingan
skill performances, but also easy to obtain because they are
general goods that can be found in daily life which also af-
fordable. In addition, the use of waste in cardiorespiratory
training has been proven to be effective in improving car-
diorespiratory performance (Widiastuti et al., 2019). The
rubber bands used in this study were made from rubber tire
wastes, which are free, and can indirectly help the utilization
of wastes into useful goods.

This study shows significant differences before and after
being given training using simple tools and traditional train-
ing to improve guntingan skills. There were also differences
obtained between the experiment group and the control
group, which shows that there is a difference in the effect of
each guntingan skill trainings from the two groups. It can
be concluded that the training using simple training tools
has better effect on the guntingan skills than the traditional
training method.

This study is limited to the implementation of simple
training tools to improve the guntingan skills of Pencak Silat
athletes. Further study could observe the effect of the tools
implemented in this study on other Pencak Silat skills, or
other martial arts and sport skills.

Conclusion

Unconventional training tools are effective to be used
in Pencak Silat guntingan skills training. The improvement
of athletes in performing guntingan skills shows that simple
training tools can be used for Pencak Silat training. Further-
more, it can be said that the training using simple training

Paired Differences
95% Confidence Interval
Mo peon | Mean ——imeDiffersmce gt 08
Lower Upper
Pair 1 Pre_test_1 - Post_test_1  -2040.333 1099.210 200.687  -2450.785 -1629.882  -10.167 29 .000
Pair 2 Pre_test_2 - Post_test_2 -221.067 529.809 96.730 -418.901 -23.233 -2.285 29 .030
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tools has better effect on the guntingan skills than the tra-
ditional training method. However, further study could ob-
serve the effect of the tools implemented in this study on
other Pencak Silat skills, or other martial arts and sports.
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YAOCKOHANEHHA HABUYOK BUKOHAHHA TEXHIKUA KWAKA «<HOXXWULLI»
3 BUKOPUCTAHHAM NPOCTUX TPEHYBAJIbHUX 3ACOBbIB

BipiactyTi'®, Xengpo Bapmoito'*f, Byni Apissnro Mycmim?®P,
Myxammep, Camcyn Taydik*¢, Conex Conaxypmin*“E, I'yminap Myma>sP

!II>kaKapTChKWIL lep>KaBHUI YHIBEpCUTET
*MiHicTepcTBO MOOAi Ta cnopTy IHA0He3i]
*YuiBepcurer Cyp’sikaH4aHa

*YuiBepcuret UlpiBimpkas

*YuiBepcuret CiniBanri

ABTOpChKMIT BRI A — au3aiis gocnipkenHs; B — 36ip ganux; C - cratananis; D - migrotoska pykormcy; E — 36ip komtis

Pedepar. Crarts: 5 ¢, 3 Tabn., 1 puc., 22 mxepena.

MeToO10 11OTO KOCTiMKeHH Oy/I0 BM3HAYEHHs BIUIMBY TPEHYBaHb i3 BUKOPUCTAHHAM IPOCTUX TPEHYBaJIbHUX 3aCO0iB,
a caMme: TYMOBOI CTPiYKM, KaHATiB i MHOIIACTOBUX Ia/INIlb, HA HAaBMYKM BMKOHAHHA TE€XHIKM KUJIKA «HOXMII» Y CIOPTCMEHIB,
SKI 3alIMarOThCA 6OTOBUM MIUCTELTBOM IT€HYaK-CU/IaT.

Martepianu ta MeTogu. Y 1IbOMY HOCIiI>KEHHI BMKOPUCTOBYBa/NIM €KCIEpUMMEHTAIbHUII MeTO, i3 I/IaHOM IIOIIepeJHbOrO
Ta MifICYMKOBOI'O TECTYBAHHS 3 BUKOPYCTAHHAM KOHTPO/IbHOI rpymu. Lleit mnan nepen6adaB BUGIpKy 3 JBOX IPYIL: eKCIIepMeH-
TaJIbHOI IPYIIN, Y SAKill BUKOPUCTOBYBA/IV IIPOCTi TPEHYBa/IbHI 3aC00M, 1 TPyIN, y AKiil IPOBOAWIN IPOCTi TPEHYBAaHHA 3 HAaBU-
YOK BMKOHAHHS TEXHIKM KUJIKA «HOXUII». YYaCHMKaMU L[bOTO TOCTIMKEHHs cTamy 60 CIIOPTCMeHIB 3i KON OO0IOBUX MIC-
TeLTB NeHYaK-cuary «Mepmati myTi» («Bimnit romy6»), posTalioBaHoi B MyCy/IbMaHCbKOMY peJliriifHOMy HaB4a/IbHOMY 3aK/Iafi
«Anb-Xaitpis», [Ikakapra (IHEOHesisd), AKMX PO3NIMMIN Ha ABi Ipynu: eKcrepuMeHTanbHy (30 yuHiB) i KoHTponbHY (30 y4HIB).
SIk 3aci6 TecTyBaHHS /ISl OLIHKY IIOKA3HMKIB Y JOCTI/PKEHH] BMKOPMCTOBYBA/IM BUKOHAHHS TEXHIKM KMAKa «HOXMUILI» i3 3ax0-
IUIEHHAM 000Ma HOTaMU TasIil CyIepHMKa, [0 CKIAJAEThCA 3 26 aCIeKTiB OLIHKY, IIPaBUIbHICTD AKMX MIiATBEpAWIN 3 eKCIIepTH
3 IIeHYaK-CUJIaTYy.

Pesynbraru. IcHYI0Tb CTaTMCTUYHO 3HAYYILi BifIMiHHOCTI B pe3y/IbTaTax TeCTYBaHHA yYaCHMUKIB [0 Ta MiC/IA NPOXOIKEeHHA
HMMI TPEHYBaHHs 3 BUKOPUCTAHHIM IPOCTUX 3ac06iB i 3BMYAIHOrO TPEHYBAHHS 3 METOIO BJOCKOHA/IEHHS HABMYOK BUKOHAHHS
TeXHIiKM KUJIKa «HOXKM1i», ajie BIVINB KOXKHOTO TUITy TP€HYBaHb 3 METOIO B/IOCKOHA/IEHHA HaBMYOK BMKOHAHHA TEXHIKM KUKa
«HOXKUII» Y IIVIX JBOX IPYIax € BifMiHHUM. TpeHyBaHHs 3 BUKOPUCTAHHAM IPOCTUX TPEHYBAIbHIX 3acO0iB Kpallle BIUIMBA€E Ha
HaBMYKY BMKOHAHH:A TeXHIKM KMJKa «HOXUIi», HK TPeHYBaHHA 3BMYAHUM METOLOM.

BucHoBku. HecranpmapTHi TpeHyBabHi 3aco6u € edeKTUBHUMM /151 3aCTOCYBAHH IIifl Yac TPEHYBAaHHs 3 METOI0 BJJOCKO-
Ha/IeHHA HaBMYOK BMKOHAHHA TeXHIiKM KUJIKA «HOXMUIi» Y eH4ak-cuati. [JokpalieHHsA MOKa3HUKIB CIOPTCMEHIB Y BUKOHAHHI
HaBMYOK TEeXHIKM KMJIKA «HOXUIIi» CBI4UTD IIPO Te, 1IJ0 IPOCTi TPEeHyBa/IbHi 3ac0011 MOYKHA BUKOPUCTOBYBATH /1A TPEHYBaHb i3
MeHYaK-CUIaTy. Y TOfa/IbIINX AOCTI/KEHHAX MOXX/INBO CIIOCTepiraTu BIJINB 3aco0iB, AKi BUKOPVCTOBYBA/IN B IIbOMY JOCITiJKEH-
Hi, Ha iHIIi HABMYKY IeHYaK-CUIAaTy a0 HaBMYKY iHIIMX 60MOBMX MUCTELTB i BUAIIB CIIOPTY.

KirrouoBi cmoBa: TexHika KMiKa «HOXMIIII», IEHYAK-CIIAT, TPEHYBaJIbHI 3aC00M.
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Abstract

The study purpose was to determine a survey of basic locomotor, non-locomotor, and manipulative movement skills
in elementary school students in Kecamatan Kandangan Kabupaten Kediri East Java in the midst of the COVID-19

pandemic.

Materials and methods. This study used a descriptive research design with a quantitative research type, for the
method used in this research was a survey method. The population of elementary school students in Kecamatan
Kandangan was 2997 elementary school students. Determination of the sample size used the Accidental purposive
sampling technique; as many as 471 participants of grades 4, 5, and 6 were selected from elementary schools located
in Kecamatan Kandangan Kediri East Java. The data collection technique used in this study was a survey technique
with data collection instruments using questionnaires created with Google Forms application. Data analysis was

carried out in this study using a descriptive percentage test.

Results. The impact of COVID-19 did not interfere with students’ skills in performing locomotor and non-locomotor
movements, but greatly interferes with students’ skills in performing manipulative movements.

Conclusions. Learning PJOK during the COVID-19 pandemic did not interfere with students’ skills in performing
locomotor and non-locomotor movements, but interferes with students’ skills in performing manipulative

movements.

Keywords: basic movement skill, locomotor, non-locomotor, manipulative, COVID-19 pandemic, elementary school

students.

Introduction

The world has experienced the disaster of COVID-19
from the end of 2019 until now. COVID-19 or coronavirus
is a large family of viruses where the shape resembles an
egg with spikes on the surface that are shaped like a crown,
therefore this virus is called corona. The coronavirus was
discovered in the 1960s in the nasal cavities of patients with
colds. COVID-19 did not take long to change the level of dis-
ease spread from endemic to pandemic. Indonesia has been
severely affected by the COVID-19 outbreak. The impact of
COVID-19 in the world starts from the economic aspect, the
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health aspect is no exception as well as the education aspect
(Kurniawan, 2020). Education is one of the sectors most af-
fected by the coronavirus. Education has changed because
of COVID, so education is done online. One of the edu-
cations affected by COVID is Physical Education. Physical
education is a learning process to improve physical fitness
and develop motor skills, knowledge, sportsmanship and
emotional intelligence (Indrawani, 2019). Many countries
have decided to close schools, colleges and universities. In
Indonesia, the efforts made to cut the chain of transmission
of the COVID-19 virus, the government has decided that
face-to-face learning from elementary school to university is
not allowed. This causes problems in the world of education
(Purwanto et al., 2020).

The COVID-19 pandemic has caused face-to-face learn-
ing to be replaced by online learning. This is because the
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spread of the virus is so fast that many parties are not prepared
to deal with this disaster. Starting from the government, edu-
cators, parents and students must face this problem directly
(Kurniawan, 2020). So that the COVID-19 pandemic brings
complex obstacles to education and learning providers in
schools that must be carried out online (Simbolon & Arif
Rakhman, 2021). One of the impacts of learning is on Physi-
cal Education, Sports and Health (Handayani, 2020). Due
to the COVID-19 pandemic, sports activities have been dis-
rupted. This is a serious problem in the world of education.
All students do not want boredom in their lives, because bor-
ing learning is something that is not fun. If the teaching and
learning process does not start with something interesting, it
can affect student interest in PJOK learning, so that learning
objectives are not achieved (Musitoh, 2018).

Physical Education, Sports and Health are subjects that
students learn at school. These subjects include material on
sports, game sports, and material on environmental health
and body health. Learning Physical Education, Sports and
Health is a subject consisting of theory and practice (Hi-
dayat, 2019). The practice in physical education, sports and
health is that students are required to move according to the
material in learning. One of the scopes of physical educa-
tion is the formation of motion, which includes the desire to
move, appreciate space, time and form including the feeling
of rhythm, recognize the possibility of one’s own motion,
have confidence in motion and feelings of attitude (kines-
thetic) and enrich the ability to move (Amung & Saputra,
2000).

The basic movement is the behavioral pattern of the
student who has physical characteristics through the activ-
ity of the movement. As a child, basic movements need to
correspond to their growth process. Fundamental Move-
ment Skills (FMS) usually developed as a child, then refined
into contextual and sport-specific skills. These skills include
movement (running, hopping, etc.), manipulation or ob-
ject control (catch, throw, etc.), and stability (balancing, etc.,
and twist) skill (Lubans, Morgan, Cliff, & Barnett, 2010).
Clark etc. Basic motor skills are considered a basic compo-
nent of exercise and have been proposed to form the basis
of professional and sport-specific motor skills needed to
participate in a variety of physical activities (Clark, Barnes,
Holton, Summers, & Stratton, 2016). In this way, it can be
said that the basic movements are the basic movements for
children to perform various movements such as play, sports,
and dance in the social environment. It can be divided into
spontaneous movements, non-spontaneous movements,
and manipulative movements (Desmita, 2009).

Basic movement skills in physical education have been
taught at the elementary school level (Pratama & Nurro-
chmah, 2020). Basic movement is a basic skill that aims to
develop various basic sports technical skills that involve
body movements (Wiarto, 2015). However, due to online
learning of children’s movements which can usually be
routinely carried out every week at school, children can
play and move freely with their friends to be hampered.
According to (Prayitno, 2014) that the movement skills
that need to be developed in elementary school children
are fundamental movement abilities, namely the basic
locomotor, non-locomotor, and manipulative movement
abilities. Locomotor movement skills (such as walking,
running, jumping and rolling), non-locomotor (bending,

stretching, twisting, rocking). Basic manipulative move-
ments (kicking, throwing, running, up and down stairs,
climbing, etc.). The ability and basic technical skills of
locomotor, non-locomotor and manipulative movements
of elementary school students need special attention.
Movement development in childhood is very prominent.
Completion or improvement of basic movements occurs
in childhood. Towards adolescence, increasingly com-
plex movements can be mastered with the ability to uti-
lize movement skills according to their needs. In the end,
in early adulthood, various organs of the body reach the
peak of functional development, and physical maturity
reaches the peak of maturnity. However, the development
of children’s movements has been disrupted by the current
COVID-19 pandemic.

Based on initial observations on Sports Physical
Education teachers in Kandangan District that due to the
COVID-19 pandemic, so that they have to carry out online
learning, it will affect the movement of children. This
certainly affects the basic locomotor, non-locomotor, and
manipulative movements in elementary school children.
The results of previous studies with the research title
“Analysis of Basic Movements for Children aged 6-7 Years”
which showed the overall results of basic movements of
junior high school students were in the sufficient category,
in which the locomotor basic movements with a percentage
of 77.4% were in the sufficient category, non-locomotor
basic movements with a percentage of 74.5% in the
sufficient category, and manipulative basic movements
with a percentage of 79% in the good category (Kurniawan,
2019). Another study with the title “Analysis of Basic Motor
Movements for Class VII Students of SMP Negeri 1 Kuok
District, Kampar Regency” which shows the overall results
of the basic movements of junior high school students in
the sufficient category, which in the locomotor basic motion
with a percentage of 49.1% in the sufficient category, basic
movement non-locomotor with a percentage of 65.6% in
the good category, and basic manipulative movements with
a percentage of 49.5% in the sufficient category (Rezki,
2016). However, the basic locomotor, non-locomotor,
and manipulative movement skills in the midst of the
COVID-19 pandemic are still unclear.

Based on the above background, the researcher wants to
conduct research on a survey of locomotor, non-locomotor,
and manipulative basic movement skills in the midst of the
COVID-19 pandemic in elementary school students.

Materials and methods

Study participants

This study used a descriptive research design with
a quantitative research type, for the method used in this
research is the survey method. The population of elemen-
tary school students in Kandangan sub-district is 2997 stu-
dents. Determination of the sample using accidental pur-
posive sampling technique which combines accidental data
collection techniques with data collection techniques for
certain purposes. Based on the accidental purposive sam-
pling technique, 471 samples of grades 4, 5, and 6 were ob-
tained from elementary schools located in Kecamatan Kan-
dangan Kediri East Java.
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Study organizoation

This research was carried out in the midst of the
COVID-19 pandemic in all public elementary schools in
Kecamatan Kandangan Kabupaten Kediri, the research
was carried out in April-May 2021. This research has
conducted an ethical test before implementation. Ethical
clearance in this study with certificate number 165/EC/
KEPK/UNUSA/2021 obtained from the health research
ethics commission, Nahdlatul Ulama University, Surabaya.
The technique and data collection carried out in this study
were survey techniques with data collection instruments
using questionnaires created used google forms app. In this
study, there were 20 questions related to locomotor, non-
locomotor, and manipulative basic movements.

Statistical analysis

The questionnaire must be tested for validity and reli-
ability. If it was valid and reliable, the research can be con-
tinued in the form of distributing questionnaires in the form
of google forms to the research sample. The questionnaire
in this study using a Likert scale is used to measure atti-
tudes, opinions, and perceptions of a person or group of
people about social phenomena. For the purposes of quan-
titative analysis, the answers can be scored, for example: SS
(Strongly Agree), S (Agree), N (Neutral), TS (Disagree), STS
(Strongly Disagree). In all these statements entirely a state-
ment to be given a score of 5, 4, 3, 2, 1 (Sugiyono, 2016).

Calculate the percentage with the formula :

P = (F/N)x100%

Description:

P = percentage number (%)

f = frequency of respondents’ answers

N = total score

To determine the percentage obtained by the results of
research and calculation of the percentage descriptive then
interpreted into the sentence. The next step is to find out the
level of these criteria, then the score obtained (in %) with de-
scriptive analysis according to the percentage results. There
are 4 classifications, including very good with a percentage
of 75-100%, good classification with a percentage of 50-74%,
sufficient classification with a value of 25-49%, and the last
one is poor classification with a value of 0-24%.

Results

Table 1 shows that the sample comes from 14 different
schools in the Kecamatan Kandangan Kabupaten Kediri,
East Java (SDN Medowo 1, SDN Mlancu 3, SDN Karang
Tengah 3, SDN Kandangan 1, SDN Kandangan 2, SDN
Kandangan 3, SDN Jeruk Wangi, SDN Kasreman, SDN
Jlumbang, SDN Mlancu 1, SDN Mlancu 2, SDN Mlancu
4, SDN Medowo 2, and the last SDN Medowo 3. The total
sample was 471 students which is divided into 304 men and
167 women. In class 4 samples amounted to 147 students,
class 5 amounted to 166 students and class 6 amounted to
158 students.

Based on Table 2, the validity test shows that all the
question items used are P1, P2, P3, P4, P5, P6, P7, P8,
P9, P10, P11, P12, P13, P14, P15, P16, P17, P18. P19,
P20 were declared valid with r value > 0.098 (n=471)

Table 1. Characteristics of the Research Sample

No Which school are you Gender Class
from Man Woman 4 5 6
1.  SDN Medowo 1 25 12 12 15 10
2. SDN Mlancu 3 12 7 6 7 6
3. SDN Karang Tengah 3 15 10 8 7 10
4. SDN Kandangan 1 35 12 18 17 12
5. SDN Kandangan 2 25 20 15 15 15
6.  SDN Kandangan 3 30 18 15 15 18
7. SDN Jeruk Wangi 23 15 10 18 10
8. SDN Kasreman 23 12 12 9 14
9.  SDN Jlummbang 19 11 12 7 11
10. SDN Mlancu 1 20 15 8 15 12
11. SDN Mlancu 2 22 10 8 7 17
12.  SDN Mlancu 4 18 7 6 12 7
13.  SDN Medowo 2 27 13 12 18 10
14. SDN Medowo 3 10 5 5 4 6
TOTAL 304 167 147 166 158
Table 2. Validity Test
No Question Items  r-count p-value  Information
1. P1 0.641 0.010 Valid
2. P2 0.808 0.000 Valid
3. P3 0.866 0.000 Valid
4. P4 0.841 0.000 Valid
5. P5 0.680 0.005 Valid
6. Pe6 0.786 0.001 Valid
7. P7 0.689 0.005 Valid
8. P8 0.802 0.000 Valid
9. P9 0.795 0.000 Valid
10. P10 0.573 0.026 Valid
11. P11 0.643 0.010 Valid
12. P12 0.866 0.000 Valid
13. P13 0.841 0.000 Valid
14. P14 0.680 0.005 Valid
15. P15 0.837 0.000 Valid
16. P16 0.648 0.009 Valid
17. P17 0.706 0.003 Valid
18. P18 0.680 0.005 Valid
19. P19 0.866 0.000 Valid
20. P20 0.795 0.000 Valid

or p-value < 0.05. If all items have been declared valid, it can
be continued with reliability testing.

Table 3. Reliability Test

N of items Cronbach’s Alpha Reliability Test

20 0.958

Based on Table 3, the reliability test using Cronbach’s
Alpha shows the Cronbach’s Alpha coefficient value of
0.958. If the coefficient value of Cronbach’s Alpha > 0.6 then
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it can be said that the instrument in this study was reliable so
that it can be used in research.

The instrument in this study has been tested for validity
and reliability which shows that all items are valid and reli-
able, so that they can be used as research instruments.

Table 4. Normality Test

Number of samples
471 0.068

Kolmogorov-Smirnov Test

Based on Table 4 the Normality Test using the Kol-
mogorov-Smirnov Test shows that the research data is nor-
mally distributed.

Descriptive Percentage

Table 5. Question Item Number 1

Frequency Percent Valid Percent C'i::;l;:ive
1 25 53 53 5.3
Valid 2 446 94.7 94.7 100.0
Total 471 100.0 100.0

Based on table 5, the sample who answered the question
items strongly disagreed with 5.3% (bad classification) and
those who answered disagreed with 94.7% (very good clas-
sification). These results show that due to the COVID-19
pandemic, learning PJOK online does not interfere with my
skills in shifting movements (shifting the body to the left/
right).

Table 6. Question Item Number 2

Frequency Percent Valid Percent Cl;:;l;:ive
1 22 4.7 4.7 4.7
Valid 2 449 95.3 95.3 100.0
Total 471 100.0 100.0

Based on table 6, the sample who answered the question
items strongly disagreed with 4.7% (bad classification) and
those who answered disagreed with 95.3% (very good clas-
sification). Due to the COVID-19 pandemic, PJOK learning
is done online, it doesn’t interfere with my walking skills.

Table 7. Question Item Number 3

Frequency Percent Valid Percent C';I:ileﬁive
1 19 4.0 4.0 4.0
Valid 2 452 96.0 96.0 100.0
Total 471 100.0 100.0

Based on table 7, the sample who answered the question
items strongly disagreed with 4.0% (bad) and those who
answered disagreed with 96.0% (very good). Due to the
COVID-19 pandemic, PJOK learning is done online, it
doesn’t interfere with my running skills.

Table 8. Question Items Number 4

Frequency Percent Valid Percent Cl;)l:lil:;ive
1 16 34 34 34
Valid 2 455 96.6 96.6 100.0
Total 471 100.0 100.0

Based on table 8, the sample who answered the question
items strongly disagreed with 3.4% (bad classification) and
those who answered disagreed with 96.6% (very good clas-
sification). Due to the COVID-19 pandemic, PJOK learning
is done online, it doesn’t interfere with my skills in jumping
movements.

Table 9. Question Item Number 5

Frequency Percent Valid Percent Cumulative
Percent
1 4 8 8 .8
2 28 59 5.9 6.8
3 23 4.9 4.9 11.7
Valid
4 114 24.2 24.2 35.9
5 302 64.1 64.1 100.0
Total 471 100.0 100.0

Based on table 9, the sample who answered the ques-
tion items strongly disagreed with 0.8% (bad classification)
and those who answered disagreed by 5.9% (bad classifica-
tion), neutral as much as 4.9% (bad classification), agreed as
much as 24.2% (enough classification), and strongly agreed
at 64.1% (good classification). Due to the COVID-19 pan-
demic, PJOK learning is carried out online so that it inter-
feres with my skills in rolling movements.

Table 10. Question Items Number 6

Frequency Percent Valid Percent Cl;:l:l;:ive
1 13 2.8 2.8 2.8
Valid 2 458 97.2 97.2 100.0
Total 471 100.0 100.0

Based on table 10, the sample who answered the ques-
tion items strongly disagreed with 2.8% (bad classification)
and those who answered disagreed with 97.2% (very good
classification). Due to the COVID-19 pandemic, PJOK
learning is done online, it doesn’t interfere with my skills in
the movement of pedaling my legs and arms.

Table 11. Question Item Number 7

Frequency Percent Valid Percent C';T;l;:ive
1 18 3.8 3.8 3.8
Valid 2 453 96.2 96.2 100.0
Total 471 100.0 100.0

Based on table 11, the sample who answered the ques-
tion items strongly disagreed with 3.8% (bad classification)
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and those who answered disagreed with 96.2% (very good
classification). As a result of the COVID-19 pandemic, PJOK
learning is carried out online without interfering with bend-
ing and stretching movement skills.

Table 12. Question Item Number 8

Frequency Percent Valid Percent CI;)Tl:l::ive
1 20 4.2 4.2 4.2
Valid 2 451 95.8 95.8 100.0
Total 471 100.0 100.0

Based on table 12, the sample who answered the ques-
tion items strongly disagreed with 4.2% (bad classification)
and those who answered disagreed with 95.8% (very good
classification). Due to the COVID-19 pandemic, PJOK
learning is done online, it doesn’t interfere with my skills in
doing stretching movements.

Table 13. Question Items Number 9

Frequency Percent Valid Percent Cl;:r?:;ive
1 21 4.5 4.5 4.5
Valid 2 450 95.5 95.5 100.0
Total 471 100.0 100.0

Based on table 13, the sample who answered the ques-
tion items strongly disagreed with 4.5% (bad classification)
and those who answered disagreed with 95.5% (very good
classification). Due to the COVID-19 pandemic, PJOK
learning is done online, it doesn’t interfere with my skills in
doing circular movements.

Table 14. Question Items Number 10

Frequency Percent Valid Percent Cl;)r:l:l::ive
1 23 4.9 4.9 4.9
Valid 2 448 95.1 95.1 100.0
Total 471 100.0 100.0

Based on table 14, the sample who answered the ques-
tion items strongly disagreed with 4.9% (bad classification)
and those who answered disagreed with 95.1 % (very good
classification). Due to the COVID-19 pandemic, PJOK
learning is carried out online so that it interferes with my
skills in bending movements.

Table 15. Question Item Number 11

Frequency Percent Valid Percent Cl:;lrtl:l:ive
1 17 3.6 3.6 3.6
Valid 2 454 96.4 96.4 100.0
Total 471 100.0 100.0

Based on table 15, the sample who answered the ques-
tion items strongly disagreed with 3.6% (bad classification)
and those who answered disagreed with 96.4% (very good

classification). Due to the COVID-19 pandemic, PJOK
learning is done online, it doesn’t interfere with my skills in
pushing and pulling movements.

Table 16. Question Item Number 12

Frequency Percent Valid Percent Sl
Percent
1 14 3.0 3.0 3.0
2 303 64.3 64.3 67.3
3 100 21.2 21.2 88.5
Valid
4 23 4.9 4.9 93.4
5 31 6.6 6.6 100.0
Total 471 100.0 100.0

Based on table 16, the sample who answered the ques-
tion items strongly disagreed with 3.0% (bad classification)
and those who answered disagreed at 64.3% (good classifica-
tion), neutral as much as 21.2% (bad classification), agreed
as much as 4.9% (bad classification), and strongly agreed at
6.6% (bad classification). Due to the COVID-19 pandemic,
PJOK learning is done online, it doesn’t interfere with my
skills in lifting and lowering movements.

Table 17. Question Items Number 13

Frequency Percent Valid Percent S
Percent
1 3 .6 .6 .6
2 11 2.3 2.3 3.0
3 14 3.0 3.0 5.9
Valid
4 116 24.6 24.6 30.6
5 327 69.4 69.4 100.0
Total 471 100.0 100.0

Based on table 17, the sample who answered the ques-
tion items strongly disagreed with 0.6% (bad classification)
and those who answered disagreed by 2.3% (bad classifica-
tion), neutral as much as 3.0% (bad classification), agree-
ing as much as 24.6% (enough classification), and strongly
agreeing 69.4% (good classification). Due to the COVID-19
pandemic, PJOK learning is carried out online so that it in-
terferes with my skills in kicking movements

Table 18. Question Item Number 14

Frequency Percent Valid Percent Cumulative
Percent

1 3 .6 .6 .6

2 11 2.3 2.3 3.0

3 14 3.0 3.0 59
Valid

4 116 24.6 24.6 30.6

5 327 69.4 69.4 100.0

Total 471 100.0 100.0

Based on table 18, the sample who answered the ques-
tion items strongly disagreed with 0.6% (bad classification)
and those who answered disagreed by 2.3% (bad classifica-
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tion), neutral as much as 3.0% (bad classification), agree-
ing as much as 24.6% (enough classification), and strongly
agreeing 69.4% (good classification). Due to the COVID-19
pandemic, PJOK learning is carried out online so that it in-
terferes with my throwing skills.

Table 19. Question Items Number 15

Frequency Percent Valid Percent Cl;)l:;lea;ive
1 24 5.1 5.1 5.1
Valid 2 447 94.9 94.9 100.0
Total 471 100.0 100.0

Based on table 19, the sample who answered the ques-
tion items strongly disagreed with 5.1% (bad classification)
and those who answered disagreed with 94.9% (very good
classification). Due to the COVID-19 pandemic, learning
PJOK is done online, it doesn't interfere with my skills in
moving up and down stairs.

Table 20. Question Item Number 16

Frequency Percent Valid Percent Cl;:;l;:ive
2 11 2.3 2.3 2.3
3 14 3.0 3.0 5.3
Valid 4 116 24.6 24.6 29.9
5 330 70.1 70.1 100.0
Total 471 100.0 100.0

Based on table 20 that the sample who answered the
question items disagreed by 2.3% (bad classification), neu-
tral as much as 3.0% (bad classification), agreed as much as
24.6% (enough classification), and strongly agreed at 70.1%
(good classification). Due to the COVID-19 pandemic,
PJOK learning is carried out online so that it interferes with
my skills in catching the ball.

Table 21. Question Item Number 17

Frequency Percent Valid Percent Cl;)l:lil:ﬁve
2 11 2.3 2.3 2.3
3 15 3.2 3.2 55
Valid 4 121 25.7 25.7 31.2
5 324 68.8 68.8 100.0
Total 471 100.0 100.0

Based on table 21 that the sample who answered the
question items disagreed by 2.3% (bad classification), neu-
tral as much as 3.2% (bad classification), agreed as much
as 25.7% (bad classification), and strongly agreed at 68.8%
(good classification). Due to the COVID-19 pandemic,
PJOK learning is carried out online so that it interferes with
my skills in dribbling.

Based on table 22, the sample who answered the ques-
tion items strongly disagreed with 0.6% (bad classification)
and those who answered disagreed by 2.3% (bad classifica-
tion), neutral as much as 3.0% (bad classification), agree-

Table 22. Question Item Number 18

Frequency Percent Valid Percent S
Percent
1 3 .6 .6 .6
2 11 2.3 2.3 3.0
3 14 3.0 3.0 59
Valid
4 116 24.6 24.6 30.6
5 327 69.4 69.4 100.0
Total 471 100.0 100.0

ing as much as 24.6% (enough classification), and strongly
agreeing 69.4% (good classification). Due to the COVID-19
pandemic, PJOK learning is carried out online so that it in-
terferes with my skills in throwing balls.

Table 23. Question Item Number 19

Frequency Percent Valid Percent Cumulative
Percent
1 1 2 2 2
2 9 1.9 1.9 2.1
3 14 3.0 3.0 5.1
Valid
4 123 26.1 26.1 31.2
5 324 68.8 68.8 100.0
Total 471 100.0 100.0

Based on table 23, the sample who answered the ques-
tion items strongly disagreed with 0.2% (bad classification)
and those who answered disagreed with 1.9% (bad classifica-
tion), neutral as much as 3.0% (bad classification), agreed as
much as 26.1% (bad classification), and strongly agreed at
68.8% (good classification). Due to the COVID-19 pandem-
ic, PJOK learning is carried out online so that it interferes
with my skills in bouncing the ball.

Table 24. Question Items Number 20

Frequency Percent Valid Percent Cl;t:;lealﬁve
2 11 2.3 2.3 2.3
3 15 3.2 3.2 55
Valid 4 123 26.1 26.1 31.6
5 322 68.4 68.4 100.0
Total 471 100.0 100.0

Based on table 24, the sample who answered the question
items disagreed by 2.3% (bad classification), neutral as much
as 3.2% (bad classification), agreed as much as 26.1% (bad clas-
sification), and strongly agreed at 68.4% (good classification).
Due to the COVID-19 pandemic, PJOK learning is carried
out online so that it interferes with my skills in hitting the ball.

Discussion

The results showed that due to the COVID-19 pandemic
which caused PJOK learning to be carried out online, most
aspects of locomotor skills were not disrupted. Among them
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are not disturbing students’ skills in shifting movements
(shiftingthe bodyto theleft/right) with the highest percentage
value answering disagreeing at 94.7%, not disturbing
student skills in walking with the highest percentage value
answering disagreeing at 95.3%, not disturbing student
skills in running with the highest percentage value answered
disagreed by 96.0%, did not interfere with students’ skills
in jumping movements with the highest percentage
value answered disagreed by 96.6%. However, due to the
COVID-19 pandemic, online PJOK learning has disrupted
students’ skills in rolling over with the highest percentage
score strongly agreeing at 64.1%. This may be influenced
by the habits of students who are not active, such as when
learning is carried out at school. Inactive habits will cause
weight gain so that it affects students’ skills in rolling over.
In the aspect of non-locomotor skills that due to the
COVID-19 pandemic causing PJOK learning to be carried
out online it does not interfere with students’ skills in the
movement of pedaling their feet and hands with the highest
percentage value answering disagree by 97.2%, it does not
interfere with students skills in bending and stretching move-
ments with the highest percentage value answering disagreed
by 96.2%, did not interfere with students’ skills in stretching
movements with the highest percentage value answering dis-
agreed by 95.8%, did not interfere with students’ skills in do-
ing circular movements with the highest percentage value an-
swering disagreed by 95.5%, did not interfere with students’
skills in doing bending movement with the highest percent-
age value answered disagreed by 95.1%, did not interfere with
my skills in doing pushing and pulling movements with the
highest percentage value answering disagreed by 96.4%, did
not disturb strength skill in doing lifting and lowering move-
ments with the highest percentage value answering disagreed
at 64.3%, it did not interfere with students’ skills in moving up
and down stairs with the highest percentage value answering
disagreeing at 94.9%. However, due to the COVID-19 pan-
demic, online PJOK learning disrupts students’ skills in kick-
ing movements with the highest percentage score strongly
agreeing at 69.4 and disrupting students’ throwing skills with
the highest percentage answering strongly agreeing at 69.4%.
In the aspect of manipulative skills that due to the
COVID-19 pandemic causing PJOK learning to be carried
out online, it interferes with students’ skills in catching the
ball with the highest percentage value answering strongly
agree at 70.1%, disturbing students’ skills in dribbling the
ball with the highest percentage value answering strongly
agree at 68.8% , disturbing students’ skills in throwing balls
with the highest percentage value answering strongly agree
at 69.4%, disturbing students’ skills in throwing balls with
the highest percentage values answering strongly agreeing
at 68.8%, disturbing students’ skills in hitting balls with the
highest percentage values answering very agree by 68.4%.
Basic movement is an important aspect in the world
of education, especially for physical education and health
subjects. Basic motion is the basis or foundation for devel-
oping various sports activities that will be carried out or that
are of interest to someone to achieve the objectives of the
exercise carried out (Bakhtiar, 2015). Basic movement skills
are divided into three kinds of movement skills, namely (1)
locomotor movement skills (2) non-locomotor movement
skills, and (3) manipulative movement skills (Hanief & Su-
gito, 2015). Based on the explanation above, it shows that the

impact of COVID-19 does not interfere with students’ skills
in performing locomotor and non-locomotor movements,
but greatly interferes with students’ skills in performing ma-
nipulative movements. This may be due to the impact of the
COVID-19 pandemic. For locomotor and non-locomotor
movements, students can still perform optimally at home, but
for manipulative movements, students cannot optimally per-
form at home. Locomotor motion is a movement that causes
the movement of the fulcrum even though it only leaves the
pedestal from place A to B, even though a few seconds such
as jumping and jumping in place is called locomotor motion,
while non-locomotor motion is motion that will not leave the
fulcrum such as standing in place, sit ups, back up on In gen-
eral, and for manipulative motion, it is a movement that uses
control objects in its implementation such as kicking, throw-
ing and others (Firdaus & Nurrochmah, 2021). Manipulative
movement is a number of forms of the whole basic human
movement (Irfandi, 2018). The COVID-19 pandemic that
has hit the whole world has paralyzed the economic, socio-
cultural and educational sectors. The new policy issued by
the Indonesian government is the existence of large-scale re-
strictions, causing all necessary activities to start from home
or online (Qoriah, Tegarinfisa, Hendratno, & Purwoto,
2022). The COVID-19 pandemic brings complex obstacles
to education and learning providers in schools that must
be implemented online (Simbolon & Arif Rakhman, 2021).
Learning that is done online causes children’s movements
which can usually be routinely carried out every week at
school, children can play and move freely with their friends
to be disturbed. Basic movements are the basis for learning
and developing more complex sports technical skills (Nusufi,
2016). Whereas elementary school children need to develop
fundamental movement skills, namely the basic locomo-
tor, non-locomotor, and manipulative movement abilities
(Prayitno, 2014; Logan & Robinson, LE, 2012). Locomotor
motion is a movement that is characterized by a change of
place or carried out by a movement of the body or body
(Qomarullah & Hidayatullah, MF, 2014). Non-locomotor
motion is a movement that is carried out without moving
the body or body. While manipulative motion is a movement
that is carried out using a tool as an object, this movement
ability is developed (Morgan & Barnett, LM, 2013). Manipu-
lative movement is a type of movement that requires good
coordination. Because the manipulative movement involves
several elements of motion that must be coordinated into
one good and harmonious movement pattern. The types of
manipulative movements include: throwing, catching, kick-
ing and other types of movements whose implementation re-
quires good coordination (Pratomo, 2011). The explanation
indicated that student coordination during the COVID-19
pandemic was disrupted, thus disrupting their manipulative
movements. It is the teacher’s job to provide lessons that are
able to improve students’ manipulativeness, so that students’
deceptive ability to move can be good again.

Previous studies have conducted studies on longitudinal
and cross sectional studies (Livonen & Saakslahti, 2014).
The results obtained are mostly stated that boys have a ten-
dency to master manipulative basic movement skills better
than girls. One of the reasons for the uniformity of these
findings is based on the differences in the pattern of ac-
tivities carried out by the two genders both at school and
outside of school. Male students have a tendency to do more
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physical activities outside the room (outdoor) compared to
female students. One of the dominant activities carried out
is sports activities (Bailey, Wellard, Dismore, & H, 2005). In
this study, the research sample was male and female, and it
was found that manipulative movements were disrupted so
that the COVID-19 pandemic had a very large effect on stu-
dents so they could not participate in learning at school. This
results in impaired student manipulative movement abilities.

Conclusion

In the aspects of locomotor skills were not disrupted. Stu-
dents’ skills in shifting movements with the highest percent-
age value answering disagreeing at 94.7%, did not disturbing
skills in walking 95.3%, did not disturbing skills in running
96.0%, did not interfere skills in jumping movements 96.6%.
Disrupted students’ skills in rolling over 64.1%. In the aspect
of non-locomotor skills does not interfere the movement of
pedaling their feet and hands 97.2%, it does not interfere
bending and stretching movements 96.2%, did not inter-
fere stretching movements with the highest percentage value
answering disagreed by 95.8%, did not interfere in doing
circular movements 95.5%, did not interfere in doing bend-
ing movement 95.1%, did not interfere in doing pushing and
pulling movements 96.4%, did not disturb strength skill in
doing lifting and lowering movements 64.3%, it did not in-
terfere in moving up and down stairs 94.9%, disrupts in kick-
ing movements 69.4 % and disrupting students’ throwing
69.4%. In the aspect of manipulative skills, interferes catch-
ing the ball 70.1%, disturbing sin dribbling the ball 68.8%,
disturbing in throwing balls 69.4%, disturbing in throwing
balls with the 68.8%, disturbing in hitting balls 68.4%.
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Suggestions and recommendations

There is a need for further research using the right form
of play in learning to improve the manipulative movement
skills of elementary school students. It is recommended that
the research be divided into upper and lower classes so that
the differences can be known.
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OMUTYBAHHA 3 METOIO OLIIHKU OCHOBHUX PYXOBUX HABUYOK
YYHIB NOYATKOBUX WWKU1Y PO3MNMANI NAHAEMII COVID-19

Cynanro'*8, Bepga Acmapa'®c, Aryc XimaBan*“P, Cenrtaninrpym Ilyrpi IlypBoro*P®

'Cypabaiicbknit yHiBepcuter Haxmmaryn Yiama
’BaHrKa/laHChKMII ITefaroTiyHmil KonemK Acoliaiii Bunrenis Inmonesii

ABTOpPCHKMIT BKTA: A — An3aitH gocnipkeHHs; B — 36ip ganux; C - craraHanis; D — migroroska pykormucy; E — 36ip komrtis

Pedepar. Crarrs: 9 c., 24 Tab1., 30 mKeperL.

MeTo10 IIbOTO JOCTIAKEHH Oy/I0 BI3HAYEHHS Pe3y/IbTaTiB ONUTYBAHHSA 3 METOIO OIIIHKM OCHOBHMX JTJOKOMOTOPHUX, HE/O-
KOMOTOPHUX i MaHINMy/IALIHMX PyXOBUX HABMYOK YYHIB ITOYaTKOBMX LIKiN y pationi Kanpanran, perentcrso Kepipi, Cxigna fsa
(Inponesin), y posnani mangemii COVID-19.

Marepianu Ta MeTogu. Y IIbOMY JOC/IPKEHHI BUKOPUCTOBYBA/IM IJIaH ONMCOBOTO JNOCI/PKEHHA Ta TUII KiZIbKicHOro fo-
CITiZ>KeHHs, TOMY IO METOJOM, KNI BUKOPMCTOBYBA/IM B IIbOMY JOCTIIXKEeHH], O0YB MeTOJ onUTyBaHH:A. [eHepa/ibHa CYyKyIIHICTD
y4HIB MonopumMx Kimaci y paiioni Kanganran craHoBwia 2997 y4HiB MOMOAINX KiaciB. [y BM3HAYeHHs po3Mipy BuOipKu
BUKOPMCTOBYBA/IM METOJ] BUIA/IKOBOI Lii/ieciipsiMoBaHol Bubipky; 6yno BiniOpano 471 yuacHuka cepef y4HiB 4, 5 Ta 6 K/IaciB
MOYaTKOBUX IIKi/I, po3TaloBaHux y paitoni Kanpmanran, perenrcrso Kepipi, CxinHa fIBa (IHmonesis). MetomoM 360py faHuX,
AKNI BUKOPUCTOBYBA/IM B LIbOMY JOCTII/IKEHH], 6yB MeTOJI OIMTYBAaHHs, IIPY L{bOMY 3aCTOCOBYBa/IM 3aco0M 360Dy HaHMUX i3 BU-
KOPUCTaHHAM aHKeT, CTBOPEHMX 3a JOIOMOrolo 3acToCyHKy Google ®opmu. AHasis JaHMX y IIbOMY BOCIIKEHH] IIPOBOANIN 3
BUKOPMCTAHHAM OIJCOBOIO BIO6IPKOBOTO TECTY.

Pesynpraru. Bius mangemii COVID-19 He 3aIKofyuB yYHiBCbKMM HaBMYKaM BUKOHAHHS IOKOMOTOPHUX i HEIOKOMOTOP-
HIX PYXiB, aJIe BeIMKOIO MipOIO IIKOAUTD YIHIBCOKMM HaBMYKaM BMKOHAHHA MaHIIIyIALIHIX PyXiB.

Bucnosku. HaBuanH: GisnyHOI KyIbTYpH, CIIOPTY Ta 3OPOBOTO CIOCOOY >KUTTA Hif yac manaeMii COVID-19 He 3amxkoanio
Y4YHIBCbKMM HaBMYKAM BIMKOHAHH: JIOKOMOTOPHMX i HEIOKOMOTOPHUX PYXiB, ajie IUKOJAMUTDh YYHIBCHKMM HaBMYKaM BMKOHAHH:
MaHINyIALHUX PYXiB.

Knro4osi cmoBa: 0CHOBHi pyX0Bi HaBMYKM, IOKOMOTOPHI, HETOKOMOTOPHI, MaHinynALilHi, mangemia COVID-19, y4Hi mo-
YATKOBUX LIKIJL.
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Abstract

Study purpose. The researcher realizes that not all physical education teachers in elementary schools provide
basketball lessons and some teachers still use conventional learning techniques. This study aims to determine the
effectiveness of a basketball learning model with the TGfU approach to increase HOTS and reduce bullying.
Materials and methods. This study used a quantitative approach to test the validity of the content and constructs

as well as the effectiveness of the learning model. The experimental subjects in this study were fifth-grade students
totaling 165 respondents from 5 elementary schools in Central Java, Indonesia. Data analysis of small-scale trials used
Explanatory Factor Analysis (EFA) path analysis, and that of large-scale trials used Confirmatory Factor Analysis (CFA)
path analysis. The paired-samples t-test was used to analyze the effectiveness of HOTS and the reduction of bullying.
Results. The result of this study is a basketball learning model that utilizes the TGfU approach to increase HOTS and

reduce bullying behavior in the form of a guidebook.

Conclusions. The developed model can increase HOTS and reduce bullying and will affect students’ cognitive,
affective and psychomotor learning outcomes. So that the learning model is easy, safe, and makes students more

enthusiastic about learning.

Keywords: basketball lessons, bullying, higher-order thinking skills, teaching game for understanding.

Introduction

Learning basketball games based on Teaching Game for
Understanding (TGfU) can improve Higher Order Thinking
Skills (HOTS) and basketball games based on TGfU can also
reduce bullying behavior greatly, almost every game activity
at the provincial, national, and international levels, basketball
games became one of the games of choice to be held because
it can absorb the public’s interest and is also rich in values and
character strengthening in elementary schools (Barquero-Ruiz
et al,, 2021; Garcia-Lopez et al.,, 2019; Riyanto & Widiyanto,
2021). The basketball learning process consists of teaching

© Waffak, M.N., Sukoco, P, Sugiyanto, FX, Arifianti, E.,
Setiawan, J., & Daryono, R.W,, 2022.
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methods, time, and learning materials (Bavli, 2016). Learning
models can be defined as ways or styles used by teachers to
convey their messages to students on the field and in class (Gil-
Arias et al., 2020; Muarifin et al., 2022; O’Leary et al., 2020).

Therefore, it is important to note that those who wish
to develop basketball skills, learn how to do so using basket-
ball materials. Basketball is a sport that is played in groups.
A game is played between two teams of five players each,
with each team competing for the higher points by shooting
the ball into their opponent’s ring (Jarrett & Light, 2019; Na-
than, 2017; Pritchard & Morgan, 2022). To achieve optimal
performance, individual players must possess several techni-
cal and tactical skills, express high-level motor skills, explo-
sive power, speed, and agility (Bracco et al., 2019; Heemsoth
etal,, 2022; Levenberg et al., 2020). One or two hands can be
used to pass the ball from player to player.
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However, adequate care must be taken when doing this
to prevent the ball from falling into the opponent’s hands.
Players sometimes carelessly pass the ball to their teammates
without resorting to some tactics to trick their opponents
(Bavly, 2016; Jarrett & Light, 2019). Teachers are expected to
choose suitable lessons such as the TGfU approach to teach-
ing students the game of basketball. According to (Morales-
Belando et al., 2021), TGfU is designed to focus on devel-
oping tactical decision-making within a game framework.
Besides that, the TGfU approach can also increase HOTS
and reduce bullying behavior (Barquero-Ruiz et al., 2021;
Harvey et al., 2018; Wood, 2017).

Based on the results of research in elementary schools,
it is known that physical education teachers do not use an
approach model in learning basketball games but use con-
ventional learning methods, besides that some elementary
schools have also not implemented basketball learning due
to equipment constraints. This makes the act of learning the
game of basketball commonplace using common standards
of behavior. The absence of an attractive approach model
makes the game of basketball boring and uninteresting for
students (Gubby & Wellard, 2016). This study implies that
using a tactical approach to teaching students the game of
basketball can develop their critical understanding and effec-
tive response to the dynamics and complexities of the game
and can reduce bullying behavior in elementary schools.

Materials and methods

Study participants

The experimental subjects in this study were fifth-grade
students totaling 165 respondents consisting of 5 elemen-
tary schools in Central Java, Indonesia. The subjects for the
small-scale trial used 2 elementary schools with the research
subjects totaling 35 fifth-grade students. Subjects for the
wide-scale test used five schools by random sampling, both
public and private schools. Research subjects with a total of
130 students.

Type of Research

This research is research and development. This study
develops a product that is used in a learning approach us-
ing fifth-grade elementary school students. According to
(Daryono et al., 2021; Healy et al., 2020; Huang et al., 2020;
Mingaleva & Vukovic, 2020), research and development
are defined as a method or technique used to produce and
test the effectiveness of a particular product. Therefore, this
study aims to develop basketball learning with the Teach-
ing Game for Understanding (TGfU) approach to increase
HOTS and reduce bullying behavior (Barquero-Ruiz et al.,
2021; Harvey et al., 2018; Wood, 2017). Fifth-grade students
of SD Se-Central Java became the data used in carrying out
this research.

Data Collection Techniques and Instrument

Data collection techniques used questionnaires and
tests, questionnaires were used to measure variable respons-
es (Daryono et al., 2020; Setyadi et al., 2021) to experts in
the form of Teaching games for understanding (TGfU) ap-

proaches and higher-order thinking skills (HOTS) in bas-
ketball learning. The data collection instruments consist
of 1) Test instrument, a test in the form of multiple-choice
(dichotomies 0 and 1) with five answer choices, which re-
fers to indicators of higher-order thinking skills totaling
25 questions; 2) Validation sheet, carried out by two experts,
namely: instrument expert for validation of test instruments
and evaluation expert for validation of TGfU and HOTS
assessments (Subay et al., 2019), Furthermore, the valida-
tion was carried out by three sports teachers to determine
the practicality and response of teachers as teachers in the
school environment (Riyanto & Widiyanto, 2021).

Data Analysis Techniques

The content validity analysis technique with quantitative
analysis using the Aiken’s V formula. The construct validity
test uses path analysis. Explanatory Factor Analysis (EFA)
on a small-scale test (Hazriyanto et al., 2019; Hidayat et al.,
2018; Saifurrahman et al., 2021) and a large-scale test using
Confirmatory Factor Analysis (CFA) Path analysis (Boonk et
al.,, 2020; Hariyanto et al., 2022; Ye et al., 2021). The analytical
technique to test the effectiveness of the learning model prod-
uct on increasing HOT'S and reducing bullying behavior uses
an effectiveness test using pre-experimental research, and
pre-test and post-test designs using paired-samples t-test.

Results

Product Test Results: Content Validity

Validation is done by giving text in the form of a vali-
dation sheet to instrument experts and evaluation experts,
then analyzed using Aiken’s V formula to calculate the coef-
ficient of content validity. The results of the validation analy-
sis of basketball learning experts consist of 20 question items
(in Table 1).

Validation was carried out to see the content and effec-
tiveness of the initial product for the three sports teachers
and then analyze the items of the TGfU-based basketball
learning test to increase HOTS and reduce bullying behavior
according to the validator’s assessment using the Aiken’s V
formula to calculate the content validity coefficient. While
Table 2 shows the calculation of Aiken’s V coeflicient based
on a sports teacher validation composed of 20 items.

Based on table 2, the results show that all multiple-choice
items consisting of 20 items of the TGfU-based basketball
learning test to increase HOTS and reduce bullying behavior
items are in the valid category with the lowest index of 0.666667
and the highest 1.00. Interpretation is done using criteria less
than 0.6 then the validity is said to be low, between 0.6-0.8 in
the medium category, and if more than 0.8 is said to be high
(Acevedo-De-los-Rios & Rondinel-Oviedo, 2021; Kriswanto
et al,, 2022; Rusijono et al., 2020). The instrument validation
for assessing the TGfU-based basketball learning model to
increase HOTS and reduce bullying behavior consisted of 40
questionnaire items, all declared feasible to be used or tested.

Learning Model Trial: Construct Validity

Small-scale tests were carried out after obtaining vali-
dation approval from experts, both material expert valida-
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Table 1. Results of the Validation Analysis of Basketball Learning Experts

Question Number Coefficient V Aiken’s Criteria Question Number Coefficient V Aiken’s Criteria
1 0.888889 Eligible to use 11 1 Eligible to use
2 0.888889 Eligible to use 12 0.777778 Eligible to use
3 1 Eligible to use 13 0.888889 Eligible to use
4 0.888889 Eligible to use 14 0.888889 Eligible to use
5 1 Eligible to use 15 0.888889 Eligible to use
6 0.888889 Eligible to use 16 0.888889 Eligible to use
7 1 Eligible to use 17 0.777778 Eligible to use
8 0.888889 Eligible to use 18 0.888889 Eligible to use
9 0.888889 Eligible to use 19 0.777778 Eligible to use
10 0.666667 Eligible to use 20 0.888889 Eligible to use
Table 2. Results of the Validation Analysis of Sports Teachers
Question Number Coefficient V Aiken’s Criteria Question Number Coefficient V Aiken’s Criteria
1 1 Eligible to use 11 0.777778 Eligible to use
2 1 Eligible to use 12 0.888889 Eligible to use
3 1 Eligible to use 13 0.888889 Eligible to use
4 1 Eligible to use 14 1 Eligible to use
5 1 Eligible to use 15 0.888889 Eligible to use
6 0.777778 Eligible to use 16 1 Eligible to use
7 0.777778 Eligible to use 17 1 Eligible to use
8 0.888889 Eligible to use 18 0.888889 Eligible to use
9 0.666667 Eligible to use 19 0.888889 Eligible to use
10 0.888889 Eligible to use 20 1 Eligible to use

Table 3. Total Variance Explained of Eigenvalues

Initial Eigenvalues

Extraction Sums of Squared Loadings

Component Total % of Variance Cumulative % Total % of Variance ~ Cumulative %
1 5.781 36.130 36.130 5.781 36.130 36.130
2 3.528 22.051 58.182 3.528 22.051 58.182
3 2.983 18.641 76.823 2.983 18.641 76.823
4 1.532 9.573 86.395 1.532 9.573 86.395
. tion and practitioner expert validation, and were declared
Table 4. Rotated Component Matrix eligible foF; field trials. "1Phe small-scale field trial involved
Component two public elementary schools with fifth-grade students. The
Construct 1 > 3 4 data obtained from the small-scale trial were in the form of
Passing Ball (A) 0964 0058 0058 0053 an evah.lation based on the TGfU —bas.ed assessment aimed at
Dribbling Ball (B) 0953 0076 0074 0.066 increasing HOTS and reducing bullying behavior.
Putting the Ball in the Based on the EFA test, the KMO value was 0.724 more
Ring (C) 0.934  0.094 0.067 0.171 %har;lo.tSO (Harllyant.(zheg 21111'., 2022; Hlil%};a; et gl.,. 20.;8). "l;h(f[
artlett test value wi 1-square is 1. and significant a
Defending Ball (D) 0.938 = 0.095 0.014 0.159 0.000, it can be concluded thgt the factor analysisgtest can be
Game Appreciation (E) 0.089  0.924  0.070  0.066 continued. Based on the output Eigenvalues in Table 3, from
Tactical Awareness (F) 0.065 0911  0.068  0.055 the nine variables analyzed, it turns out that the extraction
Making Decision (G) 0.066 0916 0.009 0.034 results in four factors based on the eigenvalue >1 (Hazri-
Skill Execution (H) 0.086 0929 0.053 0.034 yanto et al., 2019; Saifurrahman et al., 2021). The four factors
Problem Solving (1) 0.049 0.004 0943 0214  canexplain the variation of 86.395%.
Decision Making (J) 0.033  -0.017 0.843 0383 Based on the output rotated component in Table 4, it is
Critical Thinking (K) 0083 0242 0732 0041 clear. that those clus.te.zr.ed in factor 1 are conformity to the
Creative Thinking (L) 0036 -0012 0940 0249 lc:)ur.rlculum, safe facilities, the opportunity to try basketball
. asic movements, and good communication in each team
Insulting (M) 0.064 0.353  0.052 0.727 with a loading factor above 0.560. The indicators clustered
Pushing (N) 0.098 -0.021 0457 0.751 on factor 2 are improving eye, foot, and hand coordination,
Hitting (O) 0.146  -0.021  0.253  0.935  jccording to the level and ability of students, TGfU is more
Tempting (P) 0.194 -0.029 0.259 0.918 fun and easy to do, each with a factor loading above 0.739.
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While those grouped on factor 3 are responsive when catch-
ing a team’s pass, able to make the right decisions to score,
able to make decisions to prevent a score from happening,
catch the right ball, each with a loading factor above 0.583.
While those who grouped on factor 4 were kicking the feet,
insulting, teasing, and pushing each with a loading factor of
0.636.

Based on the construct validity test or the feasibility of
implementing the basketball learning model using a ques-
tionnaire instrument, with Explanatory Factor Analysis
(EFA) it was found that the questionnaire instrument was
by the content validity of the experts (Daryono et al., 2020;
Hidayat et al., 2018). The assessment of the model using a
questionnaire instrument was carried out by 3 judges or rat-
ers including physical education teachers to see if the model
was easy, practical, and safe to use.

Field Test: Construct Validity

Qualitative input to the three items in the learning mod-
el carried out in the field, including it is necessary to arrange
the language in the activity material in easy-to-understand
language for physical education teachers. Revisions have
been made to improve the language so that it is easy for
teachers to understand the model users. Then the next step
is testing the broad scale.

Based on the results of the analysis of Table 5, it was
found that all items in the instrument were said to be reliable.
It is said to be reliable because it meets the requirements that
the standard loading is above 0.7 (based on Smart PLS-SEM
calculations). Based on the table of construct reliability and
validity, the AVE values of each HOTS, PB, and TGfU vari-
able were obtained, namely 0.852, 0.666, 0.677, and 0.761.
The AVE value >0.5 (Hariyanto et al., 2022; Hidayat et al,,
2018) describes adequate convergent validity, which means
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Table 5. Criteria for Calculating Construct Reliability (CR)

Ttems Factor Construct Decision
Loading Reliability

Passing Ball (A) 0.760 0.893 Reliable
Dribbling Ball (B) 0.829 0.893 Reliable
Pgtting the Ball in the 0.939 0.893 Reliable
Ring (C)
Defending Ball (D) 0.751 0.893 Reliable
Game Appreciation (E) 0.854 0.927 Reliable
Tactical Awareness (F) 0.859 0.927 Reliable
Making Decision (G) 0.868 0.927 Reliable
Skill Execution (H) 0.908 0.927 Reliable
Problem Solving (I) 0.770 0.888 Reliable
Decision Making (]) 0.884 0.888 Reliable
Critical Thinking (K) 0.863 0.888 Reliable
Creative Thinking (L) 0.737 0.888 Reliable
Insulting (M) 0.945 0.958 Reliable
Pushing (N) 0.946 0.958 Reliable
Hitting (O) 0.945 0.958 Reliable
Tempting (P) 0.853 0.958 Reliable

that one latent ariable can explain more than half of the vari-
ance of the indicators on average. While the Cronbach alpha
values for each variable are 0.942, 0.841, 0.864, and 0.895 and
the composite reliability (CR) values are 0.958, 0.888, 0.893,
and 0.927 both aspects of reliability measurement are above
0.70 (Boonk et al., 2020; Saifurrahman et al., 2021), so the
evaluation to measure the model structure on instrument re-
liability has been fulfilled. Following the model fit-table, the
SRMR value or Standardized Root Mean Square, the value
is 0.096 < 0.10, then the model is fit. The output at the NFI
value is 74.4%, which means that the model has been good at
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Fig. 1. Structural Model Path Coeflicients
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Table 6. Paired Samples Correlations

Variable N Correlation Sig.
Pair 1 Pre-Test and Post-Test 39 0.791 0.000
Table 7. Paired Samples Test

Paired Differences
. 95% Confidence Interval of Sig.
enichle Mean Std. Std. Error the Difference t < (2-tailed)
Deviation Mean
Lower Upper

Pair1  Pre-Test and Post-Test -1,77E+06 511.012 81827 -1.934.88 -1.603.58 -21.621 38 .000

measuring the variables studied. So it can be concluded that
the fit model is met with the data.

Results of the Effectiveness Test of the Basketball Learn-
ing Model to Increase HOTS and Reduce Bullying Behavior

Based on the results of data collection from 4 meet-
ings the basketball game learning model was presented to
students, following the results of the pre and post-test dif-
ferences about the effectiveness of the learning model to
increase HOTS and reduce bullying behavior in two elemen-
tary schools in Central Java Indonesia, the data obtained are
as in Table 6 and 7.

Based on the results of the study, the results of the mean
difference between pre and post-tests were tested using t-test
analysis, the results were 0.000 <0.05, so there was a signifi-
cant difference in learning outcomes and student bullying
behavior before and after being given the TGfU approach
with the basketball learning model.

Discussion

This research resulted in the development of basketball
learning based on the Teaching Game for Understanding
(TGfU) to increase HOTS and reduce bullying behavior
in elementary schools. Teaching Game for Understanding
(TGfU)-based basketball learning to improve HOTS and
reduce bullying behavior focuses on basketball basic motion
materials such as dribbling, passing, catch, and shooting.
The HOTS questions in this study consisted of 25 multiple
choice questions with five answer choices including levels C4
(analyzing), C5 (evaluating), and C6 (making). The HOTS
concept used in this study refers to the revision of the con-
cept of HOTS in Bloom’s Taxonomy.

The characteristics of multiple-choice questions calcu-
lated with the help of the Microsoft Excel program show
that from the 25 items two questions are not valid. These
results indicate that the quality of validity is good because
the number of valid items is more than 50%. This means
that HOTS questions can measure what should be measured.
The average level of reliability of the item is 0.97, so it can be
concluded that the item has a very strong level of reliability.
The average difficulty level is 0.33 in the medium category.
The average discriminatory power test is 0.42 in the good
category, and the average discriminatory power index is 0.56
in the good category (Fudin & Hariyadi, 2020). This TGfU-
based basketball learning can increase HOTS and reduce
bullying behavior in elementary school students. Especially
in the basic motion material of dribbling, passing, catch, and
shooting. The test that contains higher-order thinking ques-

tions (HOTS) encourages students to think about the subject
matter and can reduce bullying behavior (Wood, 2017).

Based on the results of the learning process obtained
from student assessments through the assessment of
the TGfU approach by practicing basketball games. The
results of observations in this large-scale trial show that
all the learning steps with the TGfU approach are in the
good category. Activities carried out at the beginning of
the teacher’s learning provide a stimulus to students so
that students and teachers interact with each other, before
learning the basketball game the teacher provides theory
in the basketball game before practicing in the field, after
that students are able to respond and ask questions with
the teacher, so that basketball game learning can be active
and can increase HOTS and reduce bullying behavior in the
learning process so that learning goes as expected.

This research is in line with the results of a study by
(Barquero-Ruiz et al., 2021; Morales-Belando et al., 2021)
which has given a positive response or as expected to the
TGFU model where the level of suitability of the response
reaches the very good category, both for aspects of the
learning approach that have fulfilled the elements of active,
innovative, creative, effective and psychomotor learning.
Research (Bracco et al., 2019; Heemsoth et al., 2022) provides
research recommendations that the response to this TGFU
model believes that this TGFU model is very suitable for
the objectives of physical education learning where the level
of suitability of the response reaches above 75%. Based on
the discussion, it can be concluded that sports education
teachers gave a good response to the Teaching Games for
Unerstanding (TGFU) approach, to be applied in (Garcia-
Lépez etal., 2019; Harvey et al., 2018) sports learning. Based
on the conclusions of this study, it is suggested that the
TGFU approach can be used as an alternative in physical
education learning. In particular, the suggestions in this
study are addressed to physical education teachers to always
be creative in achieving learning goals by utilizing various
learning models.

Based on the results of data analysis and hypothesis
testingthathasbeen carried outbythe TGFU model regarding
students’ Higher Order Thinking Skills (HOTs), this study is
in line with the results of research by (Garcia-Lopez et al.,
2019; Gil-Arias et al., 2020; Morales-Belando et al., 2021)
that can improve the passing ability of elementary school
students’ sports and extracurricular learning. This shows
that the basic concept of playing through the TGFU model
has considerable effectiveness on the learning outcomes
of basic technical training in sports and extracurricular
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learning. The results of (Heemsoth et al., 2022) research have
proven the theories that have been described above that the
Teaching Games For Understanding model can improve the
basic technical skills of sports and extracurricular learning,
if given in the form of basic concepts of playing to students
who take part in sports and extracurricular learning.

The TGFU learning model helps students to achieve
learning goals by learning in groups and working together.
This is in accordance with opinion that the concept of TG-
FU-based learning also places more emphasis on student
activity. Students are able to develop not only most of their
psychomotor skills but also their affective and cognitive do-
mains are well developed (Licorish et al., 2018; Pondee et
al., 2021). In addition, research is relevant to research con-
ducted by the author, namely research from (Lameras et
al,, 2021; Levenberg et al., 2020) which examines the effect
of the TGFU Learning Model in the Dodgeball Game on
Throwing and Catching Skills. These results indicate that the
Teaching Game For Understanding (TGFU) learning model
using the dodgeball game media can improve and develop
throwing and catching skills. Based on the fact that Teaching
Game for Understanding is widely used for learning sports
and games, there are still few studies showing the use of the
TGFU learning model (Jarrett & Light, 2019; Pritchard &
Morgan, 2022).

The final product of the TGfU-based basketball learning
model to increase HOTS and reduce bullying behavior and
can affect the learning outcomes of fifth graders, (Jayantilal
& O’Leary, 2017; O’Leary et al., 2020) research also provides
recommendations that TGfY can be applied to fifth grade
elementary school students, namely being able to carry out
active movements when learning physical education, doing
dribbling, passing, catching, shooting in addition to coop-
eration, and honesty. Then in this TGfU approach, students
are able to involve their cognitive, affective, and psychomo-
tor aspects in basketball games such as games, appreciation
games, tactical awareness, decision making, skill execution
and performances (Heemsoth et al., 2022; Neskovi¢, 2020;
Pritchard & Morgan, 2022).

Students still need guidance from the teacher to un-
derstand the rules of playing basketball with the TGfU ap-
proach to increase HOTS and reduce bullying behavior. The
steps for learning basketball games with the TGfU approach
to increase HOTS and reduce bullying behavior consist of
6 steps, namely: Game, Game Appreciation, Tactical Aware-
ness, Decision Making, Execution Skill, and Performance.
The efficiency of using the TGfU-based basketball learning
model is seen from the time of use, and learning resources.
In terms of time, this learning media allows children to play
according to the desired time.

The TGfU-based basketball learning model developed
can be used as an alternative learning. Overcoming the limi-
tations of teachers in delivering material, providing knowl-
edge about active movement in learning to students so that
they are able to apply movements in learning the game of
basketball. This affects the learning of the TGfU-based bas-
ketball game, which is a learning environment that provides
support and opportunities for students to make active move-
ments in learning the game of basketball. Cheerfulness, sin-
cerity, opportunities to work together, and honesty also pro-
vide a good learning environment for students.

Conclusions

The feasibility of the basketball learning model with the
TG1U approach to increase HOTS and reduce bullying be-
havior in elementary schools can be said to be both content
and empirically feasible. So that the learning model is easy,
safe, and makes students more enthusiastic about learning.
Effectiveness can be measured using the paired-sample t-test
method to find out how much influence and improvement
in student learning outcomes are given before and after the
TGfU approach is given. The TGfU approach also shows
that the basketball game is very well developed and increases
HOTS and reduces bullying behavior. Because there is a sig-
nificant difference before and after being given a learning
model with the TGfU approach. This research is expected
to be a reference for future researchers on how to increase
HOTS and reduce bullying behavior among students in
the learning process of physical education in elementary
schools. The hope is that this learning material can be ap-
plied to alternative learning models that already exist.
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Abstract

The study purpose was to demonstrate the effect of moderate-intensity exercise on reducing cortisol levels in
overweight adolescent women.

Materials and methods. This study is an actual trial study with a pre-test randomized control group design involving
20 overweight adolescent women aged 19-22 as research subjects who were randomly divided into two groups,
namely CNG (n = 10, control group) and EXG (n = 10, moderate-intensity exercise group). The moderate-intensity
exercise intervention was performed for 40 minutes on a treadmill. Cortisol levels were measured using an Enzyme-
linked immunosorbent assay (ELISA) kit. Data analysis technique used t-test of independent samples and correlation
test using Pearson’s correlation coefficient with Statistical Package for Social Sciences (SPSS) version 21.

Results. Cortisol levels were obtained as a result of the best means between CNG and EXG (222.57 + 56.04 vs 225.56
+ 63.96 ng/mL, (p = 0.05)), post-test cortisol levels between CNG and EXG (238, 27 £ 77.94 vs 118.13 + 12.90 ng/mL,
(p £0.001)) and cortisol A between CNG vs EXG (15.71 + 13.14 vs -107.43 + 21, 13 ng/mL, (p < 0.001)). Cortisol
levels also showed a positive relationship with markers of overweight (p < 0.05).

Conclusions. Based on the study results, it was concluded that the cortisol response decreased after moderate-
intensity exercise and found a positive relationship between cortisol levels and markers of overweight. These results
could be used as a long-term approach to modifying an active lifestyle to reduce stress levels.

Keywords: cortisol, exercise, metabolic syndrome, overweight, stress.

Introduction (GBD) 2015 Obesity Collaborators, 2017). According to re-
ports from several countries, the prevalence of overweight
and obesity among 11- and 13-year-olds ranges from 5% to
more than 25% (ENHIS, 2009). The increasing prevalence of
overweight and obesity is not only occurring in developed

- - — - ~  countries but is increasing significantly in developing coun-
©  Setiakarnawijaya, Y., Widiastuti, Taufik, M.S., Kuswahyudi,  {1jeq not only among adults but also among children and

Awaluddin, Ibnu Sina, Hasyim, A.H., Hasyim, Hafidz, A, adolescents (Seidell & Halberstadt, 2015). Even developing
& Muharram, N.A., 2022. countries like Indonesia have problems with overweight and
i VOB obesity (Shrimpton & Rokx, 2013). Based on the results of
& (
1® TOB 0BC

The prevalence of overweight and obesity is increasing
over the years (Chu et al., 2017) with the greatest increase
in women of all age groups (The Global Burden of Disease
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the 2013 Health Basics Study, the prevalence of overweight
and obesity among adolescents aged 13 to 15 years was
11.2% and 4.8%, respectively (Riskesdas, 2018). Overweight
is the accumulation of too much fat in adipose tissue, often
associated with inactivity, unhealthy food consumption, and
increased consumption under stressful conditions (Urbanet-
to et al., 2021). However, this issue is not widely understood.

Stress occurring in overweight individuals may result in
a greater pathophysiological burden than in normal weight
individuals (Heraclides et al., 2012). Stress not only causes a
number of non-communicable diseases, but it also leads to
a decrease in a person’s immunity, facilitating disease (Gla-
ser & Kiecolt-Glaser, 2005). In overweight women, ongoing
stress exposure also has an impact on reproductive organs
and mental disorders (Foss & Dyrstad, 2011; De Vriendt,
2009). Chronic stress can induce physiological responses in
the form of increased mobilization of energy stores (Torres
& Nowson, 2007), including increased gluconeogenesis and
lipolysis to compensate for stress (Foss & Dyrstad, 2011).
Chronic stress in overweight women may also increase the
risk of developing type 2 diabetes (T2D) (Heraclides et al.,
2012). Therefore, the stress experienced by overweight peo-
ple must be managed properly.

Exercise is one of the proven modalities for the treat-
ment of overweight and obesity (Niemiro et al., 2021). On
the other hand, exercise also has a positive effect on reduc-
ing stress levels, which is characterized by a decrease in the
cortisol response (Gerber et al., 2020; Caplin et al., 2021).
Exercise can reduce the activation of the hypothalamic-pi-
tuitary-adrenal (HPA) axis (Caplin et al., 2021), which is the
main mechanism that regulates cortisol secretion through an
endocrine feedback mechanism neurology (Pauli et al., 2006;
Sugiharto, 2012; Corazza et al., 2014; Pranoto et al., 2020).
However, based on the reports of several studies, it is still
found that there is a difference in the results regarding the
effect of exercise on lowering cortisol levels. According to the
study conducted by Irandoust & Taheri (2018) reported a de-
crease in cortisol levels after high intensity interval training
(HIIT) intervention in obese women. Study of Koc (2018)
reported that there was no significant difference in corti-
sol levels between before and after exercise in athletes and
sedentary subjects. The study of Karacabey (2009) reported
increased cortisol levels after exercise for 12 weeks in obese
children. However, the study by Singh et al. (2019) reported
a decrease in cortisol levels after moderate-intensity acute
exercise. Similarly, the study by Davitt et al. (2017) reported
that plasma cortisol levels decreased after a moderate-in-
tensity endurance exercise intervention in obese women.
However, study of Koch (2010) reported that cortisol levels
increased 120 min after exercise at 60% HRmax intensity.

The aim of this study was to demonstrate the effect of
moderate-intensity exercise on reducing cortisol levels in
overweight adolescent women. We hypothesized that in-
creasing cortisol levels in overweight subjects with moderate-
intensity exercise would significantly reduce cortisol levels.

Material and Methods

Study protocol

20 overweight adolescent women between the ages of
19-22 were enrolled as subjects in the study. The inclusion

criteria for this study were individuals with a body mass in-
dex (BMI) between 25.52 kg/m? - 28.72 kg/m? (mean + SD
BMI 27.48 + 1.07 kg/m?) ), normal blood pressure, normal
resting heart rate (RHR), oxygen saturation (SpO,) 96% -
99% (mean + SD SpO, 97.75 + 0.87%). The exclusion criteria
for this study were people with chronic medical conditions,
such as diabetes, lung disease, and coronary heart disease,
who were on a weight loss program. Written informed con-
sent was obtained prior to conducting the study. The pro-
cedures used in this study adhered to the principles of the
World Medical Association (WMA) Declaration of Helsinki
regarding the ethical conduct of research involving human
subjects.

Exercise protocol

The physical training program is implemented and su-
pervised by professional staft from the Department of Sport
Science, Faculty of Sport Science, Universitas Negeri Jakarta,
Jakarta, Indonesia. Strength training is performed intensive-
ly with an intensity of 60-70% HRmax for 40 minutes with
details of 5 minutes warm-up with an intensity of 50-60%
HRmax, 30 minutes of the main exercise perform continu-
ous exercise with an intensity of 6070% HRmax and 5 min
of cooling with an intensity of 50-60% HRmax (Rejeki et
al,, 2021). Exercise was performed from 07:00 to 09:00 on a
treadmill (Pulsar 4.0 HP Cosmos Sports & Medical, Nuss-
dorfTraunstein, Germany) (Nedi¢ et al., 2017; Rejeki et al.,
2022). Heart rate monitoring during exercise using a Polar
heart rate monitor (Polar Heart Rate Sensor H10, Inc., USA)
(Rejeki et al., 2022).

Anthropometry and cortisol response measurements

Measure body height with an altimeter (Seca® Handheld
Altimeter, North America). Measure body weight using a
digital scale (OMRON model HN289, Omron Co., Osaka,
Japan). Body mass index (BMI) was calculated by divid-
ing body weight (kg) by body height (m?) (Nimptsch et al.,
2019; Adji et al., 2021; Raharjo et al.,, 2021). Blood pressure
was measured with an OMRON digital sphygmomanometer
(OMRON Model HEM7130 L, Omron Co., Osaka, Japan)
in the non-dominant arm 3 times in a row with an interval
of 12 min (Rejeki et al., 2022; Andarianto et al., 2022; Yosika
et al,, 2020). Measure RHR and SpO, with a Beurer pulse
oximeter (Pulse Oximeter PO 30, Beurer North America LP,
Hallandale Beach, FL, USA) (Rejeki et al., 2022). A blood
sample was obtained 30 min before and 24 h after exercise on
4 ml cubital vein. The blood sample was inserted into the Va-
cutainer tube, after which the blood sample was centrifuged
for 15 min at 3000 rpm. Serum was separated and stored at
-80°C for cortisol levels analysis the next day. Check cor-
tisol levels using the Enzyme Linked Immunosorbent As-
say (ELISA) kit method (Catalog No: MBS269825; MyBio-
Source; San Diego, CA, USA) with a sensitivity of 0-5 ng/mL
and range detection is 15.6 ng/mL - 1000 ng/mL.

Statistical analysis

Statistical analysis used the Statistical Package for the
Social Sciences (SPSS) version 21.0 (SPSP Inc., Chicago, IL,
USA). Normality test using Shapiro-Wilk test. To find out
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the difference in cortisol levels before and after the exercise
in each group, a different paired t-test was performed, while
to find the difference in cortisol levels between CNG and
EXG, another t-test for independent samples was performed.
The potential relationship between markers of overweight
and cortisol levels was assessed using Pearson’s correlation
coefficient test. All data are shown with mean + standard
deviation (SD). All statistical analyzes used a threshold of
significance (p < 0.05).

Results

The results of the analysis of the characteristics of the
study subjects, including age, body weight, body height,
body mass index, systolic blood pressure, diastolic blood
pressure, resting heart rate, and storm oxygen saturation in
both groups, shown in Table 1 below.

Table 1. Characteristics of research respondents

Variable Unit n CNG EXG p-value
Age yrs 10 20.40+1.17 2030+1.16 0.850
Body weight kg 10 65664321 66.44+4.70 0.670
Bodyheight ~m 10 1.5530.03 155+0.04 0.644
Bodymass /0 10 27.47£099 2749115  0.969
index
Systolicblood \ hre 10 118.00£9.19 120.0048.17 0.613
pressure
Diastolic blood |\ 10 10 76.00£9.66 79.00+8.76  0.476
pressure
fa‘isetmgheart bpm 10 70.60+6.11 71.10£3.93 0.830
Oxygen % 10 97.7040.82 97.80£0.92  0.801
saturation

Description: CNG: control group; EXG: Moderate-intensity
exercise group. Values obtained using t-test of independent
samples compared between CNG and EXG. Data are pre-
sented as mean + SD.

Based on Table 1, it can be seen that the average data on
the characteristics of the study subjects tend to be the same.
The results of the t-test of independent samples showed that
there was no significant difference in the mean data on the
characteristics of the study subjects (p = 0.05).

CNG
400 400-

EXG

7 300

= 200

Cortisol (ng/mL)

3 100-

Pretest Posttest

Pretest Posttest

Fig. 1. Cortisol levels pretest and posttest on CTG and ECG.
Description: CNG: control group; EXG: Moderate-intensity
exercise group. (*) Shows a significant difference with the best
sample in the paired t-sample test (p < 0.001). Data are displayed
as mean * SD

Based on Figure 1, it can be seen that the cortisol level
on CNG between best and after test tends to be the same,
while on EXG, it shows a decrease in cortisol level between
best and after test. The results of the paired sample t-test on
CNG between the sample before and after the test showed no
significant difference (222.57+56.04 vs 238.27+77.94 ng/mL,
(p = 0.05), while EXG showed a significant difference (225.56
+63.96 vs 118.13 £ 12.90 ng/mL, (p < 0.001)).
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Fig. 2. Cortisol levels pretest, posttest, delta (A) between CNG vs.
EXG. Description: CNG: Control group. EXG: Moderate-intensity
exercise group. (*) The t-test of independent samples shows a
significant difference from CNG (p < 0.001). The data is expressed
as mean * SD

Based on Figure 2, it can be seen that the pretest cortisol
levels between CNG and EXG tend to be the same, while
the posttest and delta (A) levels show a decrease in cortisol
levels. The results of the Independent Samples t-Test pretest
between CNG and EXG did not show a significant difference
(222.57 £ 56.04 vs. 225.56 + 63.96 ng/mL, (p = 0.05)), while
the posttest and A showed a significant difference (238.27
£ 77.94 vs. 118.13 + 12.90 ng/mL, (p < 0.001)) and (15.71
+ 13.14 vs. -107.43 + 21.13 ng/mL, (p < 0.001)). The
relationship between pretest cortisol levels and overweight
markers is presented in Figure 3.

Based on Figure 3, it can be seen that the pretest cortisol
levels positive correlation with body weight (BW) (r = 0.570,
p=0.009), body mass index (BMI) (r = 0.688, p =0.001), FAT
(r =0.695, p = 0.001), fat mass (FM) (r = 0.799, p = 0.000),
free fat mass (FFM) (r = 0.772, p = 0.000), waist circumfer-
ence (WC) (r = 0.626, p = 0.003) and shows a moderate cor-
relation between variables. However, other markers of over-
weight, such as hip circumference (HC) (r = 0.529, p=0.016),
and waist to hip ratio (WHR) (r = 0.469, p = 0.037) showed a
weak positive correlation with cortisol levels.

Discussion

The results showed no significant difference in mean
cortisol levels between before and after the test in the control
group (CNG), while the moderate-intensity exercise (EXG)
group showed a difference. on the mean decrease in cortisol
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Fig. 3. A positive relationship between pretest cortisol levels and
markers of overweight. Description: Value (r) and (p-value) were
obtained using the Pearson correlation coeficient test

levels between pre-test and post-test (Figure 1). Based on
Figure 2, it can be seen that pre-test cortisol levels between
CNG and EXG tend to be almost the same, while post-test
and delta (A) levels indicate decreased cortisol levels. This
is consistent with the study of Kong et al. (2016) concluded
that cycle exercise at 65% of maximal oxygen consumption
resulted in a 13% decrease in cortisol levels in obese women.
Reduced cortisol levels may be due to the effects of mod-
erate-intensity exercise intervention. Regular moderate-in-
tensity exercise can increase the secretion of endorphins,
thereby inhibiting the activity of the HPA axis and reducing
the sympathetic nervous system (Rimmele et al., 2007; An-
derson & Shivakumar, 2013). Inhibition of HPAaxis activity
may modulate cortisol secretion through a neuroendocrine
feedback mechanism (Sugiharto, 2012; Corazza et al., 2014).

During exercise, cortisol secretion can be affected
by duration, intensity, type of exercise (Mukarromah et
al., 2016), physical fitness, and nutritional status (Beaven
et al., 2008). This study used moderate intensity exercise
(60-70% HRmax). Exercise performed at moderate
intensity can induce positive stress (eustress) (Sugiharto,
2012), while excessive and prolonged exercise can induce
negative stress (distress) may increase oxidative damage,
thereby increasing the risk of injury (Mrakic-Sposta et al.,
2015). The results showed that moderate-intensity exercise
significantly reduced cortisol levels compared with the

control group (Fig. 2). According to Popovic et al. (2019)
exercise performed at an intensity of at least 60% VO,max
can reduce the cortisol response. Research by Kong et al.
(2016) using 18-30 years old female subjects with a BMI
of 2330 kg/m?* who received a moderate-intensity exercise
intervention (60% VO,max) using a 40 minute work cycle
that showed decreased cortisol levels. Research by Singh
et al. (2019) also reported decreased cortisol levels after
moderate-intensity acute exercise. Tomiyama (2019) also
reported that moderate-intensity exercise can reduce stress
levels, which are characterized by lower cortisol levels. Thus,
moderate-intensity exercise could be used as a method to
reduce stress levels in overweight adolescent women.

The main finding of this study was that moderate-inten-
sity exercise significantly reduced cortisol levels. These re-
sults could be used as a long-term approach to active lifestyle
modifications to reduce cortisol levels as a marker of stress
levels and prevent the risk of complications from the effects
of being overweight. The limitation of this study is that only
one marker was used as a stress marker, namely cortisol
level, so evidence of a reduction in stress level markers has
not yet been established given less precise. Further study
is recommended to add other parameters related to stress
levels, such as catecholamines, epinephrine, norepineph-
rine, HPA axis, adrenocorticotropic hormone (ACTH), and
corticotropin releasing hormone (CRH). In addition, future
research is also recommended to demonstrate the effects of
long term exercise (chronic exercise) on reducing cortisol
levels by involving adolescent and young respondents over-
weight youth.

Conclusion

Opverall, these results indicate that the cortisol response
is reduced after a 40-minute single session of moderate-in-
tensity exercise and found a positive relationship between
basal cortisol levels with markers of overweight.
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BMPABA MOMIPHOI IHTEHCUBHOCTI 3HUXYE PIBHI
KOPTU30NY B IOHUX XIHOK 13 HAAJINLLKOBOIO BAIO1O

Scen Ceriakapuasia'A®P, BigiactyTi'*®?, Myxamapg Camcyn Taydik
KycBaxropi'A®?, Apanygpin*®P, I6ny Cina*®, Enpi Xacpiagi Xacum
Xacum®P, A6gyn Xadins®®®, Hyp Axmag Myxappam

!II>kaKapTChKUIL lep>KaBHUI YHIBEPCUTET
*YuiBepcuret Cyp’sikaHYaHa
’Merapesknit yHiBepcuTeT

‘BaHTEHCHKUIT ITENATOTTYHMIT KOIEIK
*MaxkaccapcbKuil iepKaBHIIT YHiBepCUTET
8CypabaricbKuii ilep>KaBHII yHiBepCUTET
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1BD
b
7BD

’Kenipiiticokuit yHiBepcuteT HycanTapa Aconianii Bunrenis Ingonesii

ABTOpCHKNMIT BKIAM: A — [U3aiiH BOCTIKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarts: 7 c., 1 Tabn., 3 puc., 41 mxepero.

MeTtor0 mocmigKeHHs OyI0 IPOJEMOHCTPYBATH BIUIMB BIUKOHAHHS BIIPaBM IMOMIPHOI IHTEHCMBHOCTI Ha 3HIVDKEHHS PIiBHIB

KOpTU30/1y B IOHUX JKiHOK i3 HAaJINMIIKOBOXO Baroro.

Marepianmu Ta Metomu. Lle HOC/TifKEHHs € ZOCTIIKEHHsIM Ha 6asi MOTOYHOro KIIHIYHOTO JOCII/PKEHHs, M0OyaoBaHe 32
IUIAHOM IIOIIE€PEHbOrO TECTYBAHHA 3 PAHJOMi30BaHIM PO3IO/IIOM YYaCHUKIB i 3 BUKOPUCTaHHAM KOHTPO/IbHOI IPYIIN. Y 9acHM-
LSIMM JOCTIKeHHsT cTany 20 IHNUX JKIHOK i3 Ha/PIMIIKOBOIO Baroxo BiKoM Bif 19 1o 22 pokiB, sSIKi METOZOM BUIIaIKOBOTO BiOOpy
6ynu posmnopineni Ha i rpymu: CNG (n = 10, konTponbHa rpyna) Ta EXG (n = 10, rpyma, y sAKiil BUKOHYBa/Ii BIpaBy HOMipHOI
inTeHCHBHOCTI). IHTepBeHIIiIHY BIIpaBY OMIpPHOI IHTEHCMBHOCTI BUKOHYBaIM IpoTsaroM 40 XBUINH Ha TpeHaxepi «6irosa go-
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piKKa». BuMiproBaHHs piBHIB KOPTM30ITY 3/ilICHIOBA/IN 3a JOIOMOIOK0 HabOpy /i (pepMeHT-3B sI3aHOTO IMyHOCOPOEHTHOro
anamizy (ELISA). Ik mMeTopn aHami3y JaHUX BUKOPUCTOBYBaM t-KpuTepilt CTblofeHTa I/ He3aJIeXXHUX BUOIPOK i mepeBipKy
KOpesLALii 3 BMKOpUCTaHHAM KoedinienTta kopensauii Ilipcona, 06po6ky gaHux s3piiicHioBamM 3 BukopucranHam 113 Statistical
Package for Social Sciences (SPSS) Bepcii 21.

Pesynbpratu. bynu ogep>kani Ta IOpiBHAHI 3HAa4YeHHSA PiBHIB KOPTU3O/Ty K pe3y/IbTaT ONTMMA/IbHUX CEPEeNHIX 3HaYeHb y
rpynax CNG rta EXG (222,57 + 56,04 npotu 225,56 + 63,96 ur/mi, (p 2 0,05)), macyMKoBuX piBHiB KopTusony B rpymax CNG
ta EXG (238, 27 + 77,94 mpotn 118,13 + 12,90 ur/mn, (p < 0,001)) Ta 3HavenHA fenbtn (A) xoptusony B rpynax CNG ta EXG
(15,71 + 13,14 mporu -107,43 + 21,13 ur/m, (p < 0,001)). 3HaueHH: piBHIB KOPTU30/Ty TAKOXK IOKa3ajM IIO3UTVMBHMI 3B 30K i3
MapKepamy Hajyuikosoi Baru (p < 0,05).

Bucnosxu. Ha nificraBi pesynbraTiB JOCTiIPKeHHA 6y;10 3po6HeH0 BJYICHOBOK IIPO T€, 1IJO ITiC/IA BUKOHAHHA BIIPAaBY ITIOMipHOI
iHTEHCHMBHOCTI PiBHI KOPTU30/Ty 3HIKYBA/IICS, 1 6y/I0 BCTAHOB/IEHO IIO3UTUBHIA 3B 130K MDK PiBHAMY KOPTU30/TY Ta MapKepamu
Ha/yIMIIKOBOI Baru. 1i pesynbprati MOXKHa BUKOPUCTOBYBATH sK HMEPCIEKTUBHMUII HiAXiJ 4O 3MIHIOBaHHs aKTMBHOTO CIIOCOOY
SKUTTS 3 METOIO 3HIDKEHH PiBHIB CTpecy.

KitrouoBi cmoBa: KOpTu3oi, BIIpaBa, MeTabOMiYHNUIT CMHAPOM, HAINIIKOBA Bara, CTpec.
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Abstract

Numerous studies have documented that plyometric training is an effective method to improve sports performance.
The purpose of this study was to compare the effects of six weeks of plyomeytric training on strength, speed, and

power.

Materials and methods. An experimental study using a pretest-posttest control group design was conducted on

30 Perisai Diri athletes. They were randomly divided into three groups: the plyometric jumping jack (J]) group, the
countermovement jump (CM]J) group, and the tuck jump (T7) group. The respondents in the T] and CM] groups
were then assigned to six weeks of exercise consisting of three sets each session (18 sessions in total), with intensities
ranging from 60% to 80%. Pretest and posttest were conducted to obtain data on strength and explosive power. Data
were analyzed using SPSS 21 and presented in mean and standard deviation. Paired sample t-test was performed to
compare the differences between the groups before and after the training they were given. One-way ANOVA was
used to examine multiple comparison in the gains of strength and power between the groups.

Results. The results showed that the students’ strength and power in all groups increased significantly (p<0.05) after
six weeks. Differences between the groups were found in strength (p = 0.000), which was the case between TJ-CM]
pair (p = 0.001) and TJ-C pair (p = 0.000). Between-group differences were also found in power (p = 0.017), which

was the case between TJ-CM]J and TJ-C pairs (p<0.05).

Conclusions. Based on these findings, it was concluded that plyometric training was able to improve strength and leg

muscle power of non-trained individuals.

Keywords: countermovement jump (CM]J), plyometric training, power, tuck jump (T7), strength, stretch-shortening

cycle (SSC), student.

Introduction

Plyometric training (PT) is one of the most frequently
used method in all sport activities (Benzidane et al., 2015)
especially among people playing dynamic sports (Vaczi et
al,, 2013). There are many factors contributed to the rising
popularity of PT in the last decades, one of them is due to
its flexibility that can be done by individuals at any intensity
levels, ranging from low-intensity exercise to high intensity
unilateral drills (de Villareal et al., 2010). Plyometric train-

© Putera, S.H.P, Setijono, H., Wiriawan, O., Muhammad,
H.N., & Hariyanto, A., 2022.
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ing has been extensively used to improve explosive sport
performance and considered as one of the effective training
methods for its comprehensive motor and neuromuscular
control benefits (Buckthorpe & Della Villa, 2021). Further-
more, besides PT can produce fast and explosive movements
(Anwer & Nuhmani, 2015), several studies have confirmed
that PT is considered an essential part of a health-promoting
lifestyle in young individuals (Peitz et al., 2018) making PT
becomes one of the most effective training methods that is
not only used by athletes and professionals, but also people
of all ages to improve both physical (Sole et al., 2021) and
muscular fitness (Peitz et al., 2018).

Plyometric training consists of wide range of move-
ments such as jumping, running, kicking, hopping, bound-
ing, (Davies et al., 2015), tackling (Slimani et al., 2016) and

S37



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 22, Num. 3 Supplement

throwing (de Villareal et al., 2010). These explosive move-
ments are produced by a sequence of rapid eccentric muscle
contraction (lengthening movement or deceleration) fol-
lowed immediately by a quick concentric contraction (short-
ening movement or acceleration) in the shortest possible
time (Bedoya et al., 2015; Makaruk et al., 2014). This process
is referred as stretch-shortening cycle (SSC) and is one of
the underlying mechanisms of plyometric training (Aloui et
al,, 2021; Vetrovsky et al., 2019; Wang & Zhang, 2016). SSC
works by utilizing the elastic properties of connective tissue
and muscle fibres, facilitating them to gather elastic energy
through the deceleration phase and launch it immediately
during acceleration phase to produce greater muscle’s me-
chanical works (Radnor et al., 2018; Sole et al., 2021) and
maximal force (Idrizovic et al., 2018).

For the last decades, studies about the benefits of ply-
ometric training have been observed so often, with most
studies agreed that PT is a great type of exercise to improve
balance (Ramachandran et al., 2021), agility (Asadi, 2012),
and speed (Michailidis et al., 2013). Recent studies have
found that plyometric training when combined with a peri-
odized strength training program, is able to improve verti-
cal jump performance, muscular power, acceleration, and
proprioception in general (Mazurek et al., 2018; Slimani et
al., 2016). Aloui et al. (2021) in their experiment on soc-
cer player reported that eight-weeks of plyometric train-
ing improved jump performance, balance, sprinting, and
change-of-direction (CoD). Another study employing eight
weeks of PT in athletes found that PT when combined with
balance training program gave better effect on shuttle run
and sprint performance (Chaouachi et al., 2014). In addition
to that, a systematic plyometric training for lower limb has
been found to be an effective method to improve strength
and power of muscle legs (Shafeeq et al., 2013). Strength and
power are one of the most important skills in sports, where
individuals qualified of these factors would highly contrib-
utes to their performance in the field (Vaczi et al., 2013).
Thus, plyometric training is often used by athletes playing in
sports that required explosive movements such as volleyball
(Ben Ayed et al., 2020), soccer (Sedano et al., 2011), and
basketball (Ivanovi¢ et al., 2022).

Despite many benefits of plyometric training on in-
creasing performance in athletes, little is known whether
this training can give similar results on non-athlete or non-
trained individuals. Moreover, little information is available
to determine whether short term PT can actually enhance
physical performances. Previous studies related to plyo-
metric training were mostly done in long-term duration
(8 weeks) (Hariyanto et al., 2022). Therefore, this study was
conducted to analyse the effects of six-weeks plyometric
trainings on sport-spesific performance of high school stu-
dents, especially strength and power of muscle legs.

Materials and methods

Study participants

It was a quasi-experimental study with pretest-posttest
control group design. A total of 30 non-trained high school
students were randomly selected using simple random sam-
pling. The inclusion criteria of this study were: (1) male stu-
dents; (2) age 16-19 years old; (3) had no chronic conditions

that would affect their ability to perform the exercise; and (4)
had no injuries of the lower limbs. All participants were in-
formed the details of experimental procedure and instruct-
ed to avoid consuming alcohol and heavy activity at least
24 hours prior to testing. Afterward, each participant was as-
signed to one of three groups: tuck jump (TJ), countermove-
ment jump (CM]J), and control group (C), with each group
consisted of 11 subjects. An individual written informed
consent was acquired before the experimental began.

Study organization

All participants were assigned to respective plyometric
training (T] and CM]J) and standard training program (C)
according to the group they belonged. Participants in TJ
completed a repetitive tuck jump, started in standing posi-
tion with both feet hip-width apart. Then they jumped with
knees raised toward the chest, then landed on both legs.
After landing, they needed to complete the next tuck jump
as quick as possible. Participants in CM] were instructed to
stand in upright position, with hands rest on the hips. They
were then instructed to perform downward movement fol-
lowed by a maximal effort of vertical jump as high as pos-
sible. After that, they should land in an upright position and
to bend the knees following landing. While participants in
C were assigned to regular training program.

The training was individualized for each subject or par-
ticipant based on the results of maximal strength and power
test. The training programs were conducted three times a
week over six weeks on non-consecutive days as recom-
mended by previous studies to provide time for regenera-
tion, made it a total of 18 sessions. Each training session was
preceded with 10 minutes of standardized warm up, then
followed by the actual training performed in three sets. All
trainings were performed in the same order with two min-
utes of resting period between each set. The intensity of each
training was gradually increased every two weeks, starting
from 60% to 80%. All sessions were thoroughly monitored
and exercise logbook was recorded for each subject. The de-
tail of training program was illustrated in Table 1.

Performance measurements were obtained before the
first week (pretest) and after training period (posttest). Each
participant was required to wear the same shirt and shoes
during each performance measurement. Prior 24 hours
before the training was performed, all participants did not
engage in any heavy activity with respect to jumping. A base-
line anthropometric measurement was taken following their
arrival at the training site during the week 0 before first ses-
sion. Standing height was measured at the nearest 0.1 cm
using portable stadiometer (Seca 213, Seca Ltd.), and body-
weight were measured using digital bathroom scale at the
nearest 0.1 kg.

Strength was assessed using Back Leg Dynamometer
that has been calibrated. Participants were asked to lift the
handle vertically by providing continuous isometric con-
traction of the lower back, hips, and knee extensors while
holding the handle. They were asked to rise the pull gradu-
ally and reach maximum strength in three seconds, while
maintaining this pull for two seconds. Each participant was
given three attempts, with a 30 seconds rest period between
attempts. The highest value (in kg) between three measure-
ments was used for further analysis.
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Table 1. The Details of Training Program for TJ, CMJ, and
C Group

Week Session Day Intensity Repetition = Rest
1 Sunday 60% 3 2 min

1t 2 Wednesday  60% 3 2 min
3 Friday 60% 3 2 min

4 Sunday 60% 3 2 min

2nd 5 Wednesday ~ 60% 3 2 min
6 Friday 60% 3 2 min

7 Sunday 70% 3 2 min

3t 8 Wednesday ~ 70% 3 2 min
9 Friday 70% 3 2 min

10 Sunday 70% 3 2 min

4 11 Wednesday ~ 70% 3 2 min
12 Friday 70% 3 2 min

13 Sunday 80% 3 2 min

5t 14 Wednesday  80% 3 2 min
15 Friday 80% 3 2 min

16 Sunday 80% 3 2 min

6" 17 Wednesday ~ 80% 3 2 min
18 Friday 80% 3 2 min

Vertical jump test was done using Jump Mat MD with
belt to measure power of muscle leg. Participants were asked
to stand in upright position on jump mat with feet shoulder
width apart and hand placed on the hips to minimize the
contribution of the arms during the jump. Afterward, they
needed to move downward followed immediately by explo-
sive upward vertical jump, then landed with both feet com-
pletely on the jump mat for the jump to count. Each partici-
pant was also provided with three attempts with 30 seconds
of break was provided between jumps. The reading of the
highest value (in joule) was used for analysis.

Statistical analysis

Means and standard deviations as descriptive statistic
were calculated and presented for the measured variables.
All variables were tested for normality using Saphiro-Wilk
test. Further analysed using paired t-test to compare the
difference before and after plyometric training completed.
One-way Anova was used to evaluate potential group differ-
ences between TJ, CM]J, and C. Confirmatory analysis was
conducted using Least Significant Different (LSD) to find
out which pairs were different. In all instance, p-value less
than 0.05 was set to establish statistical significance. Data
analysis and all statistical evaluations were performed using
SPSS 21 for Windows.

Results

All participants have completed their respective training
programs. There were no significant muscle soreness or any
injury of the spine or lower limb, and no drop outs reported
during the six weeks of experimental period. Participants

Table 2. Baseline Characteristic of Participants (n = 30)

Groups

Characteristic sig.
TJ CM]J C
Age (year) 14.80 £ 0.64 14.30+0.88 15.30+0.41 0.060
Weight (kg) 46.5+2.04 4540+5.86 47.30+3.36 0.053
Height (cm) 151.40 £ 3.23 154.40 + 8.43 154.80 £ 5.45 0.218
Body mass 19.40 £0.85 19.10+0.55 19.08 £0.70 0.195
index (kg/m?)

TJ = tuck jump; CMJ = countermovement jump; C = Control
group. Data were presented as mean + SD

were very enthusiastic and actively followed every instruc-
tion in the exercise program that has been scheduled.

Table 2 shows the descriptive values of participants’ char-
acteristics in each group. Participants in CM] had the lowest
average of age and weight, which were 14.30 + 0.88 years and
45.40 + 5.86 kg, respectively. Control group had the high-
est average of height (154.80 + 5.45 cm). The overall body
mass index between group was ranging from 19.08 + 0.70
to 19.40 + 0.85 kg/m? which was categorized as normal
according to cut-oft of growth reference for 5-19 years
(WHO, 2007). We found no statistical difference between
groups with regard to baseline characteristics (p>0.05), so
we learnt that the baseline data of all groups were equally
homogeneous.
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Fig. 1. The changes in strength (left) and power (right) before and
after 6-weeks of plyometric training

Table 3 revealed the comparison results in strength and
power before and after training programs were performed
for six weeks. Significant improvement in strength were
found in all groups, with p=0.000, p=0.005, and p=0.001
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Table 3. Paired Sample Analysis of Change in Strength and Power of Muscle Leg over Six Weeks of Plyometric Training

(Mean + SD)
Strength (kg) sig. Power (J) sig.
Group
T score Mean + SD T score Mean + SD
pre 130.60 + 26.59 436.6 + 152.1
TJ 10.55 0.000* 10.03 0.000*
post 162.50 + 22.49 592.0 £ 160.0
pre 115.60 + 34.25 431.1 £90.32
CM] 3.63 0.005* 7.51 0.000*
post 130.60 + 25.53 530.23 £ 87.94
pre 106.80 + 13.64 365.28 +75.49
C 5.22 0.001* 5.18 0.001*
post 130.60 + 26.59 438,4 + 64,26
TJ = tuck jump; CMJ = countermovement jump; C = Control group. *significant at a = 0.05*
Table 4. Between Group Differences in Delta Strength and Power
Group A Strength (kg) % Sig. A Power (J) % sig.
TJ 31.90 £ 10.55 24.4 155.37 £ 10.03 35.6
CM] 15.00 + 3.63 13.0 0.000* 99.13 +7.51 23.0 0.017*
C 10.20 + 5.22 22.8 73.18 £5.18 20.0

TJ = tuck jump; CMJ = countermovement jump; C = Control group. Data were presented as mean + SD. *significant at o = 0.05

Table 5. Post-hoc Analysis of Significant Different in
Strength

Pairwise Group sig.
Strength Power
Ty CM]J 0.001* 0.010*
C 0.000* 0.000*
CM] C 0.293 0.210

TJ = tuck jump; CMJ = countermovement jump; C = Control
*significant at a = 0.05

respectively. Significant differences were also observed in ex-
plosive power where training programs that were performed
for six weeks increase the power in both PT group or control
group. The highest improvement in strength was found in
TJ, which increased from 130.60 + 26.59 to 162.50 + 22.49
kg (A = 24.4%). Similar result was also showed in another
variable, where T] group exhibited the greatest increase in
power from 436.6 + 152.1 to 592.0 + 160.0 joule (A = 35.6%).
Meanwhile, CMJ had the lowest increase of strength among
all groups, which was 13.0%, and control group had the low-
est increase of power, which was 20.0%. Overall, one-way
Anova revealed that the significant differences were found
in A strength and A power, with p = 0.000 and p = 0.0017,
respectively (Table 4).

Post-hoc test using LSD was performed for further anal-
ysis to examine pairwise differences. The results of the test
disclosed that strength was found to be significantly different
between T] and CMJ (p=0.001), as well as between TJ and
C group (p=0.000). Regarding power, it was revealed that
TJ and CMJ group were significantly different (p=0.010), as
well as between TJ and C group (p=0.000). Meanwhile, the
significant differents were not found in strength and power
between CM] and C pairwise (Table 5).

Discussion

Present study demonstrated that plyometric training
was effective to increase the measured variables, particularly
strength and power of muscle legs. We also hypothesized
that higher gains would occur in PT group compared to C
group was clearly supported, as the given plyometric train-
ings (TJ) resulted in a significantly larger improvement in
strength by the sixth week. The greatest increase was found
in TJ group, where a change of 24.4% indicated that signifi-
cant adaptation in strength was occurred.

Plyometric training relies on SSC mechanism, which
consists of a quick eccentric and concentric phase of the
muscle (Davies et al., 2015). Because of this continuous
mechanism, it has been clarified that PT is able to induce
greater performance improvement in fatigue-free state (Ko-
bal et al., 2017). Hirayama et al. (2012) in their research
showed that one session of plyometric exercise was able to
change muscle-tendon characteristics by modulating neu-
romuscular activity with the lengthening and shortening
of tendon occurred more frequently than fascicles. Unlike
the acute effects of other exercises, plyometric training will
enhance the performance of SSC exercises differently, with
muscle tendon unit (MTU) behavior changes in a favorable
way, adjusting to the altered muscle strength and tendon
stiffness (Fouré et al., 2010; Hirayama et al., 2017; Wu et al,,
2010). Tuck jump and countermovement jump that were
assigned to experimental groups were able to shorten the
change of eccentric phase to concentric phase, where this
condition will also improves the ability to jump, supported
by muscle ability to perform explosive moves which lead to
the gain of strength and power in leg muscle (Louder et al,,
2015).

In the context of physical fitness, countermovement
jump (CMJ), squat jump (S]), tuck jump (T7), and depth
jump (DJ) are one of vertical jump (V]) tests widely used
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to measure strength and power of lower muscle limb (Hi-
rayama et al., 2017; Mirzaei et al., 2014; Petrigna et al., 2019;
Ruffieux et al., 2020). However, the present study found
that countermovement jump appeared to be less effective
in improving strength and power compared to tuck jump.
It was contradictory with other finding which revealed that
countermovement jumps was found to be more effective
than other vertical jump test used, ie. drop jump (Ruffieux et
al., 2020). But, the findings of present study confirm previ-
ous randomized control trial study conducted by Muthuku-
mar and Sokkanathan (2014) where significant difference
in muscle strength was found between control group and
plyometric training group. Elnaggar et. al. (2019) also ob-
served similar results where subjects in plyometric train-
ing group had significant improvement in quadriceps and
hamstring muscle strength compared to their peers in non-
plyometric group. Some possible explanations beside SSC
that can elucidate how PT can produce strength is that PT
requires an adequate level of joint coordination as well as
muscle strength, which later it augments the contraction
of inter- and intra-muscle capacity, which finally produces
force (de Villareal et al., 2010). However, higher increase
in strength performance may be gained when plyometric is
combined by various exercise to maximize the utilization of
SSC. This may be explained by the fact that the combination
of exercise will facilitate mechanical and neural mechanisms
that increase performance in activity of maximal force (de
Villareal et al., 2010).

Significant improvement in power was also found in all
groups. In this study, high school students were trained at
60% to 80% 1 RM throughout six weeks, which is consid-
ered as high intensity training. Previous study reported that
muscle power capacity could be transiently improved after
high intensity training regimes (Kobal et al., 2017). For
example, Smilios et al. (2005) reported an acute increase
in CMJ height following 1 and 2 sets of half-squat exer-
cise with intensity set at 60% 1 RM. Several studies have
mentioned the effectiveness of PT in increasing strength
and vertical jump performance, with one study suggested
that the increase muscular power of lower limb, was again,
might be due to the force variable in CMJ (SSC mecha-
nism), coupled with the production of high velocity during
vertical jump take off (Ben Ayed et al., 2020). In addition
to that, plyometric training is able to enhance coordination
(de Villarreal et al., 2009), therefore it induces a neuromus-
cular adaptation that improve power production (Chelly et
al., 2010).

Some studies have demonstrated that the improvement
in maximum strength would be accompanied by the im-
provement in power and vertical jump ability (Loturco et al.,
2013, 2015). The finding of present study revealed that ex-
plosive power increased after six weeks of plyometric train-
ing. Three times a week over six weeks of exercise that were
used in this study appeared to have good impact on increas-
ing power in high school students. This finding supported
previous study that used PT with similar duration where
small but significant improvement (5.8%) was observed in
vertical jump among collegiate female athletes (Chimera et
al., 2004). Another study revealed the significant increase
in vertical jump (Rubley et al., 2011), supported the notion
that plyometric training increase vertical jump ability, thus
increasing the power of lower limb.

Conclusion

Plyometric training has been becoming a popular train-
ing method that is extensively used by sport professionals
and strength-conditioning specialists in improving sport-
specific performance. Based on this research, it can be con-
cluded that six-week plyometrics significantly increases the
strength and power of muscle leg in high school students.
A limitation of this study is the specific sample in which stu-
dents may limit the applicability of these findings to a more
diverse population. Longer training duration (>6 weeks)
might show different results. Additionally, further studies
must also consider the intensity, form or type of plyometrics
exercise that is carried out, and whether PT will be com-
bined with other training, as a combination of various exer-
cises leads to greater improvement in physical performance.
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BrNJINB LLECTUTUXKHEBUX MJTIOMETPUYHUX TPEHYBAHD
HA NOKPALLUEHHA CMOPTUBHUX MOKA3HUKIB
YYHIB NIANITKOBOIO TA IOHALIbKOI'O BIKY

ITigxi Xampi ITparama Ilyrepa'5P, Xapi Certixono'**“P, One

BipiaBau'*®“P, lepianto Hyp Myxammar

'Cypabaiicbknit ep>KaBHUI YHiBepCUTeT

1ABCD

» Aryc XapigHTto

1ABCD

ABTOpPCBHKMIT BKIAZ: A — Am3aits gocnipkeHHs; B — 36ip ganux; C — crarananis; D — migroroska pykomnucy; E — 36ip korutis

Pedepar. Crarrs: 8 ., 5 Tabi., 1 puc., 46 mxeper.

YucmeHHUMIY JOCTPKeHHAMI TOKYMEHTA/IbHO 3a(ikCcOBaHO, L0 IVTIOMETPUYHI TPEHYBAaHHA € ePEeKTUBHIM METOLOM

TIOKpalll€eHHA CIIOPTUBHMUX MMOKa3HUKIB.

MeToOI0 bOTO AOCTi/XKEHH G0 IOPiBHAHHS BIUIMBIB IIECTUTIHKHEBUX ITIOMETPUYHNX TPEHYBAHb Ha IIOKa3HUKY

MIITHOCTI, IIBUAKOCTI Ta CUJIN.

Marepiamm Ta meTogu. Bymo nposesieHo eKcriepuMeHTanIbHe JOC/i/IKEHH 3a I/ITAHOM IIOIIePENHbOTO Ta iICyMKOBOTO
TeCTyBaHH: 3 BUKOPMCTAHHAM KOHTPOIbHOI rpymu Ha 30 crmoprcMeHax wikonu 6oitoBux mucrents «Ilepicait Hipi»
(InpoHesist). MeTOOM BUIIaAKOBOTO BiTOOPY YIaCHUKIB PO3MOAUIMIN HA TPV TPYIIN: TPYIIA, SIKA BUKOHYBA/IA ITIOMETPUYHI
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BepPTMKA/IbHI CTPUOKM «HOTM PasOM — HOTYM Hapi3HO» 3 MOMOXKeHHA crosun (JJ), TPyIma, sKa BUKOHYBala BepTUKA/IbHI
cTpubku 3 movarkoBuM npucifansam (CMJ), i rpyma, sika BUKOHYBaIa BepTUKaIbHI CTPUOKM 3 TPYIMyBaHHAM y MOBITPi
(T]). Iotim yuyacuukam rpyn T] Ta CM] 6yB mpu3HaueHUIT LIECTUTVDKHEBUI KYpC BIIPaB, fAKi CKIafanucs 3 TPbOX
KOMIUIEKCIiB BIIpaB Ha KO>KHe TPeHyBaJIbHe 3aHATTA (3arajioM 18 TpeHyBaIbHUX 3aHATD), I1iJ] Yac BUKOHAHHA AKUX piBeHb
iHTeHCMBHOCTI KO/IMBABCs B Mexax Bif 60% 10 80%. [ly1st onep>kaHHs JaHNUX IIPO MOKA3HMKM MIITHOCTI Ta BUOYXOBOI Crtn
Oynu mpoBefieHi ToNepeHe Ta MiICyMKOBe TecTyBaHH:. [laHi O6ymu mpoananisoBaHi 3 Bukopucranusam 113 SPSS Bepcii 21
Ta IpefcTaBieHi ¥ popMi cepeIHbOTrO Ta CTAHZAPTHOTO BiXmIeHHs. /s MOpiBHAHHSA BiAMIHHOCTEN MDXK IpyIaMu 1o Ta
Hic/IA MPOIIJIeHNX TPEeHyBaHb BUKOPUCTOBYBaMM t-kpurepiit CThiofieHTa I HapHuX Bu6ipok. [l aHasmisy MHOXKMHHIX
HOpiBHAHD 301/bIIEHHA ITOKa3HYUKIB MIIIHOCTI Ta BMOYXOBOI CHM/IM MK TPyIaMyu BUKOPYMCTOBYBaIU ORHO(DAKTOPHMIA
JVICTIEPCIVIHMIL aHATIi3.

Pesynprartu. PesynbraTu mokasanm, 1o 3a MIiCTh TYDKHIB TOKa3HVKM MIIJHOCTI Ta BUOYXOBOI CHJIN Y4HIB B yCiX IpyIax
cTaTuCTUYHO 3Hauyile (p<0,05) spocin. BigMinHOCTI MiXK rpymamu 6ynu BUsBIIEHI B IMOKa3HMKax MinHoCcTi (p = 0,000),
110 6y710 BcTaHoBIEeHO MiX mmapoto TJ-CM]J (p = 0,001) Ta mapoto TJ-C (kouTponsha) (p = 0,000). MbXrpymnosi BigMiHHOCTI
TaKOXX OY/IV BUAB/IEH] B moKasHyuKax cunu (p = 0,017), mo 6ymo BcraHoBIeHo MiX mapamu TJ-CM] ta TJ-C (kxoHTponpHa)
(p<0,05).

Bucnoskn. Ha mifcraBi ogepxaHux pes3ynbrariB 0y1o 3po6/1eHO BIUCHOBOK, IO IUIIOMETPUYHI TPeHYBaHHA 3MOITIN
MOKPAIINTY MOKA3HUKY MIIHOCTI Ta CU/IM M’5131B HIT HETPEHOBAHMX OCi0.

KimiouoBi cmoBa: BepTukampumit cTpubok i3 mouarkosuM mnpucifanuam (CMJ), mwiioMeTpudHi TpeHyBaHH:I, CUa,
BepTUKAIBHMIT CTPUOOK i3 rpymyBanHsaM y nositpi (T]), MinHicTs, nuki1 postsaranus-ckopodenHs (SSC) M’s131B, yueHb.

Information about the authors:

Putera, Shidqi Hamdi Pratama: shidqi.20002@mbhs.unesa.ac.id; https://orcid.org/0000-0001-6811-3130; Doctoral Program
of Sport Science, Postgraduate Program, Universitas Negeri Surabaya, Jalan Unesa Kampus Lidah Wetan, Surabaya 60213,
Indonesia.

Setijono, Hari: harisetijono@unesa.ac.id; https://orcid.org/0000-0001-8305-4933; Department of Sport Coaching Education,
Universitas Negeri Surabaya, Jalan Unesa Kampus Lidah Wetan, Surabaya 60213, Indonesia.

Wiriawan, Oce: ocewiriawan@unesa.ac.id; https://orcid.org/0000-0003-1830-9519; Department of Sport Coaching Education,
Universitas Negeri Surabaya, Jalan Unesa Kampus Lidah Wetan, Surabaya 60213, Indonesia.

Muhammad, Heryanto Nur: heryantomuhammad@unesa.ac.id; https://orcid.org/0000-0001-8878-3991; Department of Sport
Education, Universitas Negeri Surabaya, Jalan Unesa Kampus Lidah Wetan, Surabaya 60213, Indonesia.

Hariyanto, Agus: agushariyanto@unesa.ac.id; https://orcid.org/0000-0002-7927-8827; Department of Sport Coaching Education,
Universitas Negeri Surabaya, Jalan Unesa Kampus Lidah Wetan, Surabaya 60213, Indonesia.

Cite this article as: Putera, S.H.P, Setijono, H., Wiriawan, O., Muhammad, H.N., & Hariyanto, A. (2022). The Effect of Six-Week
Plyometric Training on Enhancing Sports Performance of Adolescent Students. Physical Education Theory and Methodology, 22(3s),
S$37-S44. https://doi.org/10.17309/tm{v.2022.35.05

Received: 15.05.2022. Accepted: 14.09.2022. Published: 30.11.2022

This work is licensed under a Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0).

S44



Teoria ta Metodika Fizicnogo Vihovanna

Teopia Ta MeToAanKa $pi3MYHOro BMXOBaHHA
Physical Education Theory and Methodology

ISSN 1993-7989 (print)
ISSN 1993-7997 (online)
ISSN-L 1993-7989

ORIGINAL SCIENTIFIC ARTICLE

THE EFFECT OF 12-WEEK CALISTHENICS EXERCISE ON
PHYSICAL FITNESS AMONG OBESE FEMALE STUDENTS

Sakinah Mohd Hassan'4*“P, Nor Fazila Abd Malek'®“P, Thariq Khan Aziziudin Khan'43<P,
Asmadi Ishak'5¢PE, Hairul Anuar Hashim?**“* and Chee Keong Chen?*8<PF

"Universiti Pendidikan Sultan Idris
*Universiti Sains Malaysia

Authors’ Contribution: A - Study design; B - Data collection; C - Statistical analysis; D - Manuscript Preparation; E - Funds Collection

Corresponding Author: Asmadi Ishak, E-mail: asmadi@fsskj.upsi.edu.my

Accepted for Publication: September 14, 2022
Published: November 30, 2022

DOI: 10.17309/tmfv.2022.35.06

Abstract

Study purpose. The main purpose of this study was to determine the effect of calisthenics exercise on physical fitness.
Materials and methods. 28 obese female students aged 20-30 with a BMI ranging between 30 kg/m? and 35 kg/m?
were involved in this study. Participants were randomly divided into three groups which comprised a calisthenics
exercise group, an aerobic calisthenics exercise and a control group. Sit and reach test (flexibility), sit up test
(muscular endurance) and 20-meter shuttle run test (cardiovascular endurance) were measured as physical fitness
parameters. All the tests were conducted before and after a 12-week intervention training program.

Results. The results of this study indicate that the calisthenics and aerobic calisthenics groups had significant

(p < 0.05) improvement in the sit and reach test performance compared to the control group. The aerobic calisthenics
group also showed significant (p < 0.05) improvement in the sit up and 20-metre shuttle run test performance

compared to the calisthenics and control groups.

Conclusions. In conclusion, these study findings demonstrated that calisthenics exercise when combined with
aerobic exercise was more effective to improve flexibility, muscular endurance and cardiovascular endurance among
obese female students compared to calisthenics exercise only. Therefore, it is suggested that fitness trainers should
consider combining calisthenics exercise with aerobics in the training program to improve flexibility, muscular and

cardiovascular endurance.
Keywords: physical fitness, obesity, calisthenics exercise.

Introduction

Obesity can be defined as the accumulation of excess
fat in the body. In Asian countries, Malaysia is one of the
countries with the highest level of obesity (Ruiz Estrada et
al,, 2019). According to Mohd-Sidik et al. (2021), an obesity
study based on demographic factors that have been conduct-
ed in Malaysia shows that demographic factors such as gen-
der, marital status, age and level of education can affect the
obesity level. Based on that study, obesity was higher among
women than men. The rate of obesity was also higher among
the married compared to the singles. In addition, middle-
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aged adults have a higher obesity problem than other age
groups and those with lower education (primary or second-
ary school) are more likely to show higher levels of obesity
than those with higher levels of education (university).
Another a study by Wan Mohamed Radzi et al. (2019)
found that the main factors contributing to the increase in
obesity among university students in Malaysia were due to
unbalanced dietary factors such as regular fast food and
junk food intake, lack of involvement in physical activity
and mental health issues such as stress. In the study by Tee et
al. (2018), similar contributing factors (meal consumption,
low level of physical activity and poor sleep quality) have
also been stated as the main cause of the increasing obesity
trend in Malaysian adolescents. Another study related to
obesity knowledge by Ghazi et al. (2018) showed low knowl-
edge regarding obesity among private university students in
Malaysia. This indicates that the increase in obesity among
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university students may also be due to poor knowledge re-
lated to obesity.

Even though obesity problems can occur in all age
groups such as the elderly, adolescents, adults and children.
Increasing levels of obesity in a country especially among
the young generation including university students can cre-
ate a burden to the healthcare system and economy. Obesity
has become one of the most severe health concerns world-
wide because it can increase the risk of other chronic dis-
eases such as diabetes, heart attack, cancer and hypertension
(Smith et al.,, 2020), indirectly imposes a large burden on the
health care system (Deng et al., 2016). In addition, excessive
obesity can cause an individual’s movement to be limited
and reduce the quality of life, in turn leading to an increase
in the unemployment rate and social disadvantages. These
factors can lead to a reduction in socioeconomic produc-
tivity (Blither, 2019). It is very important to overcome the
problem of obesity among the young population such as
university students.

Numerous studies have been conducted to identify the
causes of obesity and it is well known that the best way to re-
solve the obesity problem is through a healthy diet and regu-
lar physical activity (Zouhal et al., 2020). The effectiveness
of various types of exercise on obese populations has been
demonstrated in past studies via weight training (Dias et al.,
2015; Strasser & Schobersberger, 2011; Villareal et al., 2017),
Circuit training (Kang et al.,, 2018; Kim et al., 2018; Seo et
al., 2019), Aerobic training (Al Saif & Alsenany, 2015; Luo &
Zheng, 2019; Shenbagavalli & Mary, 2008) and high-intensity
interval training (Maillard et al., 2018; Wewege et al., 2017).

Other than that, calisthenics training is one of the ef-
fective training alternatives to increase the body’s metabo-
lism. The calisthenics training is an exercise that involves a
variety of basic movements and can be performed by using
bodyweight without the use of any equipment (Chaves et al.,
2020). Based on the previous study, calisthenic training has
been shown to be effective to improve fitness components
such as reducing fat mass and increasing body mass (Cigerci
& Genc, 2020), increasing aerobic capacity (Alsairawan et
al,, 2019), improved muscle strength (Kotarsky et al., 2018).
However, most of these studies were conducted on athletes
and the healthy population with normal weight. There is a
lack of studies on the effect of calisthenic exercise among the
obese population. Therefore, the purpose of this study was
to investigate the effect of calisthenic exercise and aerobic
calisthenic on physical fitness among obese female univer-
sity students.

Methods and Materials

Participants

28 obese female university students were involved in this
study voluntarily and have been informed that they were free
to withdraw from the study at any time. Before the study was
conducted, participants had completed the Physical Activity
Readiness Questionnaire (PAR-Q) and informed consent.
The selection criteria of participants for this study include; i)
female students aged between 20 to 30 years, ii) BMI range
between 30 kg'm to 35 kg'm and iii) did not have any his-
tory of chronic diseases. All participants were randomly di-
vided into three groups, consisting of the aerobic calisthenic

group (n = 9), calisthenic group (n = 9) and control group
(n = 10). Ethical approval for this study was obtained from
the Committee of Sultan Idris Education University (Refer-
ence number: 2019-0034-01)

Instrument and Procedures

Participants in both aerobic calisthenics and calisthen-
ics groups received the intervention for 12 weeks, which
is 3 times of training per week. Pre- and post-tests were
conducted to compare the effectiveness of both exercises on
physical fitness levels among obese female students.

Measurements of Physical Fitness

Physical fitness parameters measured in this study dur-
ing the pre-and post-tests for all participants in the three
groups (aerobic calisthenic, calisthenic and control groups)
were flexibility (sit and reach), muscular endurance (sit up)
and cardiovascular endurance (20-meter shuttle run test).

For the sit and reach test, participants were asked to
sit on the floor with straight legs without shoes and soles
close to the sliding reach board (Trident, USA) with a scale
marked at 23 cm. Participants’ legs were apart and parallel
to the shoulders and the hands were placed on top of the
other hand. The position of the fingers will be the same on
both hands. The participants were then instructed to slowly
push forward on the scale marked with hands position fac-
ing down and legs remaining straight. 3 trials were given to
each participant and the farthest distance would be taken for
data analysis.

In the sit-up test, participants were instructed to lie on
an exercise mattress with knees bent at 90°. The heels and
feet were touching the floor and the feet were shoulder-
width apart. The participant’s hands are crossed on the chest
and the palms hug the shoulders opposite. Participants sat
up until they touched their knees on both elbows and then
returned to the starting position. Participants were instruct-
ed to performed as many sit up repetitions as possible for
1 minute. The total number of correct completed sit up were
counted and recorded for data analysis.

In the 20-meter shuttle run test, participants were in-
structed to continue running between the two lines, and
turning when signalled by the recorded beeps. Participants
have to cross a distance of 20 meters and wait until the “beep”
sound to continue the run to and fro. A warning was given if
the participants do not reach the line before the beep sounds
for the first time, and were eliminated after the second warn-
ing. Participant’s final score is the last level and shuttles they
completed before missing a beep.

Training Programs

For the 12-week intervention training program, calis-
thenics training consists of eight exercise stations (high knee
run, burpees, mountain climbers, planks, jumping jacks,
Russian twits, squats and lunges) for one set. Each exer-
cise was performed for 20 seconds (exercise training) with
a 10 seconds rest between stations. The duration for 1 set of
calisthenic exercises was 4 minutes.

For calisthenics training combined with the aerobic ex-
ercise group, the participants performed the same exercises
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as the calisthenics group. However, after the 10 second rest
period, the participants were required to perform the aero-
bic exercise (step box) for 60 seconds at each station. For
the aerobic exercise, the participants need to step up where
one foot on the top of box with one foot on the ground. The
weight should be shifted into the heel of the foot that is on
the box. Driving through that front heel, extend the leg com-
pletely straight before bringing the opposite foot onto the
box. Repeat until the end of 1 minute. The duration of 1 set
of aerobic calisthenic exercises was 12 minutes.

From week 1 to week 4, participants in both interven-
tion groups performed 3 sets of the exercise, followed by 4
sets from week 5 to week 8 and lastly 5 sets from week 9 to
week 12. Meanwhile, the control group did not receive any
training intervention for 12 weeks and were only required to
perform pre-and post-tests.

Data and statistical analyses

Mixed design MANOVA was used to compare physi-
cal fitness profiles (sit and reach, sit-up, 20-meter shuttle
run test) between groups (aerobic calisthenic, calisthenic,
control) during pre and post-tests among the obese students
in UPSI. Table 1 shows the demographic and physical char-
acteristics of the participants such as age, height and weight
for all participants in the three groups.

Results

Table 1. Participants’ demographic and physical
characteristics

Category Group Mean+SD
Age (year) Aerobic calisthenic 23.2+34
Calisthenic 22.4+1.8
Control 22.1+1.2
Height (cm) Aerobic calisthenic 154.5+4.9
Calisthenic 157.1+4.4
Control 156.1+4.7
Weight (kg) Aerobic calisthenic 73.2+10.2
Calisthenic 77.746.2
Control 83.6+9.4

Table 2. Multivariate values for physical fitness tests
between a group

Wilks’ . c
Effect Lambda F Hypothesis Error sig, Partial Eta.
df df squared
value
Group 0.06 10.87 12 40 0.00 0.77

*Significant value was set at the level of p < 0.05

Result of the multivariate analysis in Table 2 showed
there was significant main effect for group F;, 4, = 10.87,
Wilks X = 0.06,p = 0.00,1,> = 0.7.

Table 3 showed statistics descriptive of physical fitness
scores between groups (aerobic calisthenic, calisthenic, and
control) during pre and post-test.

Table 3. showed statistics descriptive of physical fitness
scores between groups (aerobic calisthenic, calisthenic, and
control) during pre and post-test.

Physical Fitness  Test cﬁic::l)llzincic Calisthenic  Control
Sit and Reach  Pre Test 25.1+4.9 27.8+4.5 22.2+4.7
(cm) Posttest 29.6+5.1c  29.6+4.6c  23.7+4.7ab
Sit up Pre Test 18.9+2.2  16.0+3.3 162433
(repetitions)  poitest 26.342.1bc  18.7+3.4a  16.4+3.4a
20-meter shuttlePre Test 2.5+0.3 2.3%+0.1 2.4+0.4
run test Post test 3.4+0.2bc  2.6+0.2a  2.3+0.4a
(Laps)

a = significantly difference from aerobic calisthenic, p < 0.05; b =
significantly difference from calisthenic, p < 0.05; ¢ = signifi-
cantly difference from control, p < 0.05

Table 4. Post hoc test for sit and reach score

Test Sum of df Mean F Sig.
Squares Square
i Gro Pre 144.51 2 72.26 3.18 0.06
Sit and up Post 209.29 2 104.65 4.42 0.02
reach P 56734 25  22.69
(cm) re . .
Bror post 59196 25 23.68

*Significant value was set at the level of p < 0.05

Table 4 showed, that there was significant interaction for
sit and reach test F, 5 = 4.42, p = 0.02 between-group during
post-test. Results of the Bonferroni Post hoc test showed, no
significant difference (p = 1.00) between the aerobic calis-
thenic and calisthenic groups. However, both group aerobic
calisthenic (p = 0.05) and calisthenic (p = 0.05) were signifi-
cantly improve sit and reach scores compared to the control
group during post-test as shown in Table 3.

Table 5. Post hoc test for sit up score

Test Sumof g Mean . o
Squares Square

Group PT€ 5022 2 2511 277 008

Sit up P post  509.84 2 25492 27.72 0.00
(repetitions) Error PTE 22646 25 9.06
Post 229.88 25 920

*Significant value was set at the level of p<0.05

Table 5 showed, that there was significant interaction
for sit-up test F(,,5 = 22.72, p = 0.00 between-group during
post-test. The result of the Bonferroni Post hoc test showed
there was a significant difference between aerobic calisthenic
with calisthenic (p = 0.00) and the control group (p = 0.00)
as shown in Table 3. There was no significant difference
(p = 0.35) between the calisthenic and control groups. This
finding proved that aerobic calisthenic was effective to im-
prove the 1-minute sit-up repetition score, compared to cal-
isthenic and control groups.

Table 6 showed, there was significant interaction for
20-meter shuttle run test F ; 5y = 33.5, p = 0.00 between-
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Table 6. Post hoc test 20-meter shuttle run (Laps)

Sum of Mean

Test Squares 8 Square FSig
20-meter  Group Pre 0.16 2 0.08 0.77 047
shuttle run Post 6.41 2 321 33.05 0.00
L
test (Laps) Error Pre 2.66 25  0.11
Post 2.43 25 0.10

*Significant value was set at the level of p < 0.05

group during post-test. The result of the Bonferroni Post
hoc test showed there was a significant difference between
aerobic calisthenic with calisthenic (p = 0.00) and the con-
trol groups (p = 0.00) as shown in Table 3. There was no
significant difference (p = 0.16) between the calisthenic and
control groups. This finding showed that aerobic calisthen-
ic was successful to improve the 20-meter shuttle run test,
compared to the calisthenic and control group.

Discussion

The purpose of this study was to compare the effect of
calisthenic and aerobic calisthenic exercise on physical fit-
ness among obese female students. The results of this study
showed that the training program for both aerobic calisthen-
ics and calisthenics for 12 weeks improved the flexibility
fitness component compared to the control group. However,
only the aerobic calisthenics group showed improvements in
muscular endurance and cardiovascular endurance perfor-
mance compared to the calisthenic and control group.

In previous studies, calisthenics training has been shown
to successfully improve fitness components such as flexibil-
ity in various ages and populations. Bayrakdar et al. (2019)
found that 8-week calisthenics training improved flexibil-
ity among swimming athletes. Bayrakdar et al. (2019) also
found that 8-week of calisthenics training was significantly
increased the level of flexibility among junior high school
boys. Similar to the effectiveness of calisthenics training in
increasing flexibility among athletes as well as the general
population, calisthenics and aerobic calisthenic training
have also been shown in this study to be effective in increas-
ing flexibility among obese peoples.

Other than that, this study found that muscular endur-
ance and cardiovascular endurance in the calisthenic aerobic
group were significantly better than in the calisthenic and con-
trol groups. This finding indicates that the combination of cal-
isthenics with aerobics causes the training intensity to b higher
following by increased the maximum oxygen uptake as most
studies showing improvement in cardiovascular endurance
performance after receiving high-intensity training (HIT)
training (Tirk et al., 2017). It is assumed that the calisthenics
training group only induce training intensity at moderate or
low level, thus it was insufficient to elicit significant increase in
cardiovascular and muscular endurance performance.

Shaw et al. (2021), demonstrated that calisthenic train-
ing for 6 weeks improved lung capacity through peak expi-
ratory flow (PEF) and maximal expiratory flow (MEF) test.
In that study, the calisthenics training intervention provided
aerobic exercise in the first 3 weeks followed by resistance
training in the next three weeks. Thus, It was in line with

this study that included an aerobic element to increase the
effectiveness of calisthenics training.

Kotarsky et al. (2018) indicated that calisthenic training
was able to improve muscular strength. Thus, their finding it
was contrary to the findings of this study that showed only
aerobic calisthenic was able to increase muscle strength, but
not in the calisthenic group. This result may be due to the
limitations of this research which did not set the number
of repetitions during calisthenic training. The participants
in this study were only instructed to perform as many rep-
etitions as possible in each type of exercise based on a pre-
determined time. Therefore, it is likely that participants in
the calisthenics group did not push themselves to perform
the exercise with maximum effort, compared to the aerobic
calisthenics group who may be able to perform more repeti-
tions due to increased cardiovascular endurance.

Conclusion

In conclusion, combining calisthenics with aerobic ex-
ercise is more effective than calisthenics alone to increase the
level of physical fitness such as flexibility, muscular endur-
ance and cardiovascular endurance among female students
with obesity problems. Therefore, it was recommended for
fitness trainers to combine calisthenics with aerobic exercise
in their training program.
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BNJINB 12-TUXKHEBUX BUIbHUX TTMHACTUYHIUX BINPAB
HA OI3UYHY NIAFOTOBJIEHICTb CTYAEHTOK 3 OXKUPIHHAM

Caxkina Moxp Xacan'*5?, Hop ®a3ima A6x Manek'®“P, Tapik XaHn A3isiygin
Xau'*PP, Acmapi [max'45°PE, Xaiipyn Anyap Xammm?4BPE, Yj Keonr Yen?ABCPE

'VuiBepcuter ocsitu imeni Cynrana Inpica
*HaykoBuii yHiBepcuteT Majaitsii

Pedepar. Crartst: 6 c., 6 TaOI1L., 27 [Kepert.

Mera pocnimxeHHs. OCHOBHOI METOK LIbOTO JOCI/PKeHHs OY/I0 BU3HAYEHHs BIUIMBY IIMHACTUYHUX BIIPaB Ha (isn4Hy
MMiATOTOBJIEHICTD.

Marepianu Ta MeTOAM. Y YaCHUIIAMY LIbOTO TOCTI/IKEHHA CTa/M 28 CTY/IEHTOK 3 O>KMPpiHHAM BikoM Bift 20 1o 30 pokiB, y AKMX
IMT xonusascs Bif 30 kr/m? 5o 35 kr/m”. Y4acHUIb PO3HOAIIN/IN METOOM BUIIATKOBOTO BifOOPY Ha TpM IPyIIN: IPyIIa riMHac-
TUYHUX BIIPaB, 'PyIa aepoOHMX TIMHACTMYHMX BIIPAB i KOHTPO/bHA rpymna. Sk mapamerpu ¢isnyHOi MiATOTOBKY BUMIipIOBaIn
nokasHuku TectiB «Haxum Tyny6a Brepeq i3 IMOMOXKeHHS CUASAYM» (THYUKICTD), «[lifHiMaHHA Tyny6a 3 MOMOXKEHHSA JIeXKAUM»
(M’s130Ba BUTpUBATIICTD) Ta «HOBHMUKOBMIT 6ir Ha 20 MeTpiB» (CepleBO-CyAMHHA BUTPUBAIICTD). YCi 11i TeCTH IPOBOAMIN [0 Ta
micA 12-TV>XKHEeBOI eKCIIEPYMEHTAIbHOI IPOrpaMy TPEHYBaHb.

PesynbraTu. Pe3ynprati 11bOT0 JOCII/PKEHH BKa3yIOTh Ha T, 10 B IPyIax riMHACTUYHMX BIIPAB Ta aePOOHMX IIMHACTUYHUX
BIIPAB CIIOCTEPirasocs cTaTUCTUYHO 3Hauyule (p < 0,05) moKpalleHHs ITOKa3HMKIB BUKOHAaHH:A TecTy «Haxumm tyny6a Brepep
i3 MOIO>KEHHsI CUJISTYN», TIOPIBHSIHO 3 KOHTPO/IBHOIO TPYIO0. Y TPyl aepoOHMX FiMHACTUYHUX BIPAB TAKOX CIIOCTEpIranocs
cTaTUCTUYHO 3Havylle (p < 0,05) mokpaleHHsI TOKa3HUKIB BUKOHAHH TecTiB «IlifHiMaHHA Tymy6a 3 [MOMTOXKEHHS JIeKad» Ta
«YoBHUKOBMIT 6ir Ha 20 MeTpiB», HOPIiBHAHO 3 TPYIIOI0 IiMHACTUYHYX BIIPaB i KOHTPOIBHOIO TPYIIOI0.

BucnoBku. OTxKe, 3a3Ha4eHi pe3y/nIbTaTu HOCIIPKEHHS MifTBEPANIN, 110 TIMHACTUYHI BIIPABU B [OEJHAHHI 3 aepOOHMMU
BIIpaBaMl € e(eKTUBHIIMMIY JIA TIOKpallleHHA MOKasHMUKIB THYYKOCTi, M’ A30BOI BUTPUBAJIOCT] Ta CepIieBO-CYAMHHOI BUTPH-
BAJIOCT] y CTYAEHTOK 3 OXXVPIHHSAM, HOPIBHIHO 3 JyIle TiMHACTUYHNMM BiipaBamu. OToke, TpeHepaM i3 3araibHOQI3NIHOI Mif-
TOTOBKM PEKOMEH/IYEThCA B3ATH [0 YBAary MOXX/IMBICTD ITO€JHAHHA TIMHACTIYHMX BIIPAB Ta aepoOiKM B IpOrpaMi TpeHyBaHb [
[IOKpAI{eHHs TOKA3HNUKIB THYYKOCTI, M’130BOI Ta CEpIIeBO-CYANHHOI BUTPUBAIOCTI.

Kirouosi coBa: ¢isnyHa miiroToBKa, OKUPiHHA, [IMHACTIYHI BIIPABH.
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Abstract

Background. Individual involvement in sports activity is rising and thus increases the risk of knee injury. Anterior
Cruciate Ligament (ACL) rupture is the most common knee injury requiring ACL reconstruction (ACLR). However,
limited evidence is available to date on ACLR characteristics in Malaysia for comparison with Western countries.
This study aims to describe the epidemiological characteristic of ACLR surgery and the trend of pre-operative
physiotherapy (pre-habilitation).

Materials and methods. ACLR cases recorded in a tertiary hospital database between January 2015 and December
2020 were extracted and reviewed. This retrospective study was approved by the hospital’s Research Ethics Committee
(UKMPPI/111/8/JEP-2020-500). All ACLR cases involving sports injuries were included with the exclusion of non-
sports related injuries. Yearly ACLR cases were retrieved using an Injury Information form containing variables
namely age, gender, type of ACL tear, accompanying meniscus injury, duration from injury to surgery and pre-
habilitation details. Descriptive statistics were used to summarize the sample data.

Results. A total of 131 ACLR cases were reported between 2015 and2020 (Male, n = 122; Female, n = 25). The
number of ACLR cases fluctuated during the observed years, with a maximum of 30 cases reported in a year and
98% of the cases were represented by the youth age group (15 — 47 years old). The average age at time of surgery was
27.1 (£ 7.79). On an average, 80% of athletes stated no history of previous knee injury. The most common type of
ACL injury was a complete tear (88%), followed by partial tear (9%), and re-rupture (3%). A meniscus injury was
noted in 61% of cases. The time from injury to surgery was 15 weeks. The study found low percentage of the ACLR
patients who received pre-habilitation prior to surgery (<20%).

Conclusions. ACLR cases are showing a fluctuating trend every year. Despite the majority of the ACL cases being

a complete tear, the participants waited more than four months to undergo ACLR, with only a quarter of them had
pre-habilitation prior to surgery. The reasons for these situations require investigation. Future research inclusive

of a larger database is also desirable to develop a better insight into ACL injury pattern.

Keywords: ACL reconstruction, descriptive epidemiology, pre-operative physiotherapy, knee injury.

Introduction are actively participating in sports activity. The annual oc-
currence of ACL isolated injuries is 68.6 per 100,000 person
per year, and the incidence of ACL with concomitant injury
is higher than isolated injury. The current systematic litera-
© Fairus, EZ., Ibrahim, S.A., Nadzalan, A.M., ture review reported one in 29 female athletes and one in

Md Yusoff, B.A.H., Mohamad, N., Hendri, E.N.M., 50 male athletes ruptured their ACL, with amateur female

Harithasan, D., Tengah, R.Y., & Mohd Nordin, N.A., 2022. athletes remained at a higher risk of ACL compared to their
T ’ ' ’ male counterparts. However, in the general population, the
R

Anterior Cruciate Ligament (ACL) injury is among the
most common knee injury associated with individuals who

3 \@;M TMOB incidence of ACL injuries were significantly higher in males
R\ T0B 0BC
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than in females (81.7 vs 55.3 per 100,000 person per year). In
addition, the rate of performed ACLR surgery also increased
significantly over time in all age groups (Rowntree, 1942).
Due to the increase rate of ACL injury, the injury pattern in
active general population needs to be examined. Moreover,
until now it is indistinct if the profiles of ACLR cases which
comprises gender, age, injury, surgery and rehabilitation his-
tory among the Malaysian population is parallel to that re-
ported in previous literatures.

ACLR surgery is a common medical management fol-
lowing ACL injury, aiming to restore the knee function,
minimising the symptoms and therefore improving patients’
quality of life (Dhillon, 2014). Usually, the ACLR surgery
is recommended for patients who have recurrent knee in-
stability during activities of daily living and sports which
involved pivoting movements. However, various secondary
issues may arise following the surgical procedure including
requirement for long term rehabilitation and subsequent
revision surgeries, financial burden, and the occurrence of
post-traumatic early osteoarthritis (PTOA) (Rothrauff et
al., 2020). In addition, the ACLR surgery generally does not
guarantee a return to sports (RTS) activity to the pre-inju-
ry level. Literature has established that the success of RTS
among ACLR patients depends on numerous factors such
as the patient’s psychological state, muscle strength, score
of functional test, and score of self-reported knee function.
It was also reported that ACLR patients with short waiting
time from the initial injury to surgery and those received
preoperative physiotherapy are more likely to achieve bet-
ter functional outcomes and early RTS activity (Giesche et
al., 2020; King et al., 2020). However, these factors are still
under-reported in the Asian populations and general ACLR
epidemiological literature. Moreover, most ACLR epidemio-
logical studies were conducted based on the previously de-
veloped ACLR registries.

The identification of ACLR cases using ACL registries
provide a mechanism for prospective surveillance of tar-
geted population. This facilitates for long term follow-up
of patients, provides continuous feedbacks to surgeons and
therapists for patient safety and the improvement of patients’
quality of life (Rothrauft et al., 2020). Besides, the ACLR
registries offers identification of best clinical practices and
trends over time. This subsequently enables the evaluation of
patients’ characteristics, injury profiles, surgery techniques,
the risk affecting the clinical and functional outcomes fol-
lowing ACLR surgeries which includes the RTS outcome
and the presence of secondary complications. Although
many western countries have reported ACLR profiles based
on their developed ACLR registry, the generalisability of
their findings to the eastern populations is not possible due
to the differences in population lifestyle, and surgical and
rehabilitation approaches (Prentice et al., 2018). While there
are few studies which reported the occurrence of ACLR sur-
geries in Malaysia, none of them explored the waiting time
from initial injury to surgery, the preoperative physiothera-
py data and their influence on functional outcome including
return to sport. In addition, epidemiological data on ACLR
related injuries are still lacking in the Asian region (Tabben
et al., 2022).

Literature documented that the ACLR rate in the Asian
countries is generally higher compared to the European re-
gions. In Malaysia, a study reported a dramatic increase in

ACLR surgical procedures, and further investigations for
epidemiological data on ACLR surgery were required (Dhil-
lon, 2014). Therefore, the main purpose of this research is to
describe the epidemiological characteristics of ACLR sur-
gery in the country. This study also aims to evaluate the time
factor for ACLR surgery and preoperative physiotherapy in
order for comparison with previous studies.

Materials and methods

Study Design and Sampling Frame

A descriptive retrospective epidemiological survey was
utilized for this research. This study adhered to the guideline
of the Declaration of Helsinki and the study protocol was
reviewed and approved by the Research Ethics Committee
of the National University of Malaysia (UKM PPI/111/8/
JEP-2020-500). All information regarding ACLR patients
were treated as confidential to preserve patient privacy. The
ACLR surgery cases were identified from the registry of
patients from a tertiary public hospital for the period be-
ginning January 2015 until December 2020. Patients’ char-
acteristics, injury and surgical details, time from injury to
surgery, and their pre-operative physiotherapy information
were retrieved and summarised. Each reviewed ACLR case
was documented into a proforma designed for this study.

Variables Definition

This study used variables definition based on definitions
described from a previous study (Rothrauft et al., 2020).
These include: 1) ipsilateral operation: any non-revision pro-
cedure on the injured knee; 2) contralateral ACLR knee:
any procedure performed on the contralateral side following
primary ACLR; 3) the revision ACLR: a procedure in which
the graft has been replaced; 4) recreational athletes: gen-
eral population who are active in sports activity; and 5) the
ACLR patient: patient who ruptured their ACL while play-
ing sports for recreational or high performance purpose. The
injury to the cartilage involved in this study considered all
severity levels without any grade classification. The age cate-
gorisation followed the World Health Organization (WHO)
guideline which indicated the age between 5-17 years old
as children and adolescent, 18-64 years old as adult and 65
years old and above as elderly. There was a small difference
noted between the age categorisation of WHO (2020) and
Department Statistic of Malaysia.

Study Procedure

Upon identification of potential ACLR cases from the
registry, a request to review the patients’ medical record was
submitted to the medical records department of the hospital.
Selection of cases was then made by a trained therapist based
on specified inclusion criteria, namely: (1) all age groups and
gender; (2) Malaysian citizens; (3) ACL injuries due to any
involvement in physical or sports activity; (4) Both types of
injuries either contact or non-contact; (5) having concomi-
tant meniscal tears and chondral lesions; and (6) ACLR sur-
gery done between 1st January 2015 and 31 December 2020.
The exclusion criteria were: (1) ACL injury due to motor
vehicle accident (MVA) or (2) non-sports activities. Medi-
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cal records of eligible cases were reviewed comprehensively
and essential data were retrieved through the utilization of
a proforma. Collected data included patients’ demographic
details, injury details, surgical information and preoperative
physiotherapy management.

Statistical analysis

In this research, descriptive statistics (frequency, per-
centage, mean & standard deviation) were used to describe
each variables of interest. The statistical analysis for the study
was executed using the SPSS software. The level of signifi-
cance value was pre-set at p < 0.05.

Results

Patients Characteristics

The primary cases search from the hospital registry de-
termined that a total of 181 elective ACLR surgeries were
performed between the year 2015 to 2020. However, only 150
medical records were able to be retrieved. The remaining 31
records were not found possibly due to several reasons such as
records in use at others specialties at the time of retrival; staffs
unable to locate; or the files have been transferred to different
facility. Second attempt for records retrieval for the remain-
ing 31 records were done again to ensure maximum record
availability before decisions of exclusion were made. After
excluding 19 cases of ACL injury due to non-sports activities,
a total 131 cases were reviewed and analysed which included
17 ACLR cases of national athletes. Generally, the mean age
of the patients at the time of surgery was 27.1 years (£ 7.79),
with 109 of them were male (83.21%) and 22 were female pa-
tients (16.79%). Twelve cases (9.2%) represent ACLR among
children and adolescent age (5-17 years old), and 119 cases
(90.8%) involving adults (18-64 years old), while there was
no case involving elderlies (65 years and above) (WHO,2020;
https://www.dosm.gov.my). The distribution of ACLR cases
according to age and performance category are as in Fig. 1.
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Fig. 1. Frequency of ACLR cases in recreational and national
athletes group according to age category of children and
adolescent (5-17 year old) and adult (18-64 year old), N =131

The frequency of ACLR cases reported fluctuated every
year but presented a trend of increment among adult (Fig. 2).
The total sample distribution based on the type of graft
used for ACLR surgery was hamstring in 93 (71.0%) proce-

2020 . 26
010 | 2
g
”;!; 2018 I %
§ 2017 I 19
=
2016 [ 15
2015 1
0 5 10 15 20 % 30
ACLR Cases
e Adult e Children & Addlescent Linear (Adult )

Fig. 2. frequency of reported Anterior Cruciate Ligament
Reconstruction (ACLR) cases according to age categorisation
from 2015 - 2020

dures, and BPTB used in 30 (22.9%) procedures. The other
types of graft used includes 1 (0.8%) peroneus longus and 3
(2.3%) for Tendon Achilles (TA), while 4 (3.1%) cases have
not reported on this. All ACLR cases was performed using
anatomical ACLR. The ACLR injury and surgery details for
overall cases and national athletes are presented in Table 1.

Time from Injury to ACLR Surgery

In 114 recreational athletes, the waiting time for ACLR
surgery ranged between 1 week and 192 weeks, with the me-
dian waiting time being 15 weeks. Further classification of
time from injury to ACLR surgery revealed that a total of 76
(66.7%) ACLR procedures were conducted within 6 months
and 22 (19.3%) procedures were conducted after 6 months.
Only 9 (7.9%) ACLR procedures were conducted after 1 year
post-injury and the remaining 7 (6.1%) ACLR cases were
performed more than 2 years post-injury. However, among
the 17 national athletes, the ACLR procedures were mostly
conducted within 6 months post-injury (16 ACLR cases,
94.1%) and only one case was performed after 6 months of
injury. Overall, the national athletes received ACLR proce-
dure within 7.59 + 6.69 weeks (Table 2).

Pre-operative Physiotherapy (Prehabilitation)

Among the 114 recreational athletes who underwent
ACLR procedures, only 24 (21.1%) of them received pre-op-
erative physiotherapy and the remaining 90 (78.9%) athletes
did not receive pre-operative physiotherapy prior to ACLR
surgery. All national athletes (17 ACLR cases) received pre-
operative physiotherapy following the ACLR reconstruction
surgery (Fig. 3).

National Athlete -
S—

0 20 40 60 80 100 120
ACLR Cases
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Fig. 3. The frequency of ACLR cases that receive pre-operative
physiotherapy management prior to ACLR surgery
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Table 1. Demographics and Profiles of Anterior Cruciate
Ligament Reconstruction (ACLR), 2015-2020 in all cases
(n=131)

Table 2. Demographics and Profiles of Anterior Cruciate
Ligament Reconstruction (ACLR), 2015-2020 among
National Athletes (n=17)

Variables 0 of(:'l;(;z; ACLR Variables 0 (5 Ofcl:;z; ACLR
No. of tears, n 131 No. of tears, n 17
Recreational / National Athletes 114/17 Recreational / National Athletes 1941+ 4.19
Age, mean * SD (years) 27.1+7.79 Age, mean * SD (years) 12 (70.6)/5(29.4)
Sex Sex
Male / Female 109 (83.21)/ 22 (16.79) Male / Female 12 (70.6)/5(29.4)
Age Group (years) Age Group (years)
Child and Adolescent (5-18) 12 (9.16) Child and Adolescent (5-18) 7 (41.18)
Adult (18-64) 119 (90.84)  Adult (18-64) 10 (58.82)
Elderly (=64) 0(0) Elderly (=64) 0(0)
History of Previous Knee Injury History of Previous Knee Injury
Yes / No 26 (19.8) /105 (80.2) Yes / No 3(17.7) /14 (82.4)
ACLR Knee ACLR Knee
Right / Left 70 (53.4)/ 61 (46.6)  Right / Left 9(52.9) / 8 (47.1)
Confirmatory of ACL Tear (Surgical Record) Confirmatory of ACL Tear (Surgical Record)
Partial Tear 12 (9.2) Partial Tear 3(17.6)
Complete Tear 115 (87.8) Complete Tear 13 (76.5)
Re-rupture Tear 4(3.1) Re-rupture Tear 1(5.9)
Type of ACL Tear Type of ACL Tear
Isolated ACL 29 (22.1) Isolated ACL 4(23.5)
ACL with concomitant injury 102 (77.9) ACL with concomitant injury 13 (76.5)
Tear Occurrence Tear Occurrence
Primary injury 112 (85.5) Primary injury 15(88.2)
Secondary (Ipsilateral) 12 (9.2) Secondary (Ipsilateral) 1(5.9)
Secondary (Contralateral) 7 (5.3) Secondary (Contralateral) 1(5.9)
Duration (week) from injury to surgery, mean +SD Duration (week) from injury to surgery, mean +SD
(Minimum 1 week — Maximum 192 23.02 +31.77 (Minimum 1 week - Maximum 192 23.02 +31.77
weeks) weeks)
Meniscus Injury Meniscus Injury
Yes / No 80(61.1) / 51 (38.9) Yes / No 11(64.7) / 6 (35.3)
Meniscus Injury Location Meniscus Injury Location
Lateral 30 (22.9) Lateral 4(23.5)
Medial 33(252)  Medial 7 (41.2)
Lateral and Medial 17 (13.0) Lateral and Medial 0(13.0)
Not Related 51 (38.9) Not Related 6 (35.3)
Other Concomitant Injuries Other Concomitant Injuries
Yes / No 52(39.7)/ 79 (60.3)  Yes/No 4(23.5)/ 13 (76.5)
Bone Injuries Bone Injuries
Yes / No 4(3.1) /127 (96.9) Yes / No 0(0) /17 (100)

* Values are expressed as n (%) unless otherwise specified.

Discussion

The findings of this research emphasis the profile and
trend of ACLR surgeries performed in the recent years.
A total of 131 ACLR surgeries were performed between the
year of 2015 to 2020 which was related to sports activity, with
an increasing trend in the number of surgery performed
every year. This data is consistent with the results of ear-
lier studies which documented the increasing occurrence
of ACLR every year (Costa et al., 2018; Mall et al., 2014;
Sanders et al., 2016). This study showed that ACLR surgeries
were performed mainly among males than female patients

and is parallel with that reported in ACLR literatures which
stated the cases were likely related to higher sports involve-
ment among male athletes than their female counterparts in
Malaysia. Besides, the occurrence of ACL injuries are also
higher in males than females as well in the context of general
population who are active in sports activity (Prentice et al.,
2018; Sanders et al., 2016). In this study, the average age of
patients undergoing ACLR surgery is 27 years old, with the
higher percentages of individuals being under 47 years old.
This finding is similar with literature by Mall et al. (2014).
This is reasoned due to the higher level of physical activities
to remain socially active, either during high school, college
years and early working years and the higher needs to live a
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healthy lifestyle. Sanders et al. (2016) also reported a peak
incidence of ACLntear at the age of 19 to 25 years in male
patients. Although there was inconclusive evidence of his-
tory of knee injury as predictor for ACL injury, interestingly
in this study, 19% of ACLR cases reported a history of previ-
ous knee injury before ACL tear. Further research using a
national ACL database will be necessary to determine the
trend of ACLR incidence in Malaysia in order to better com-
prehend the ACLR epidemiology.

In this study, the confirmations of ACL tear were taken
from surgical records as a mean of confirming the pathol-
ogy of knee injury. More than 75% of patients in this study
experienced a complete ACL tear, with less than 10% of cases
experienced a partial tear. The inclusion of this ACL partial
tear for reconstructive surgery was decided by a surgeon
to facilitate ligament healing ability and increase post-inju-
ry knee function. Another important finding in this study
was about the meniscal lesion that was identified in more
than 60% of ACLR patients. This percentage is considered
higher when compared to certain previous studies (Costa
et al,, 2018) but similar to the study by Church and Keat-
ing, (2005) which reported 71% of meniscal tear incidence
among ACLR patients undergoing reconstruction after 12
months of injury. The high occurrence of meniscal tear in
the current study is highly likely due to the longer time taken
from injury to surgery which exceeded 12 months in this
study. Literatures documented that any ACL injuries that
are related with meniscal or any condral injury has been
associated with an increase in risk in developing early post-
traumatic osteoarthritis (PTOA) (Spahn et al., 2016). In this
study 77% of ACLR cases with concomitant injuries have
higher risk of developing PTOA later in life within 5 to 10
years following reconstruction surgery. There are several
risk factors associated with meniscus injury which has been
identified in the literature such as time to surgery, male gen-
der, age below 30 years old, revision ACLR, chronic injuries,
pre-operative side to side laxity > 6mm and the presence of
concomitant tear at the lateral meniscus region (Sonnery-
Cottet et al., 2018).

Injury to surgery time interval has been associated with
expectation of successful return to sports (RTS) activity. The
time interval from injury to ACLR surgery can also be clas-
sified according to acute ACLR reconstruction (< 16 weeks)
or delayed ACLR surgery (= 16 weeks). Based on a system-
atic review study by Fabricant et al. (2016), they found 78%
-100% of returning rate to baseline pre-injury level for ath-
letic participation among young athletes who received acute
ACLR reconstruction, with some incidence of graft rupture.
As established in this study, almost all of the national athletes
received acute ACLR surgeries (below than 6 months). This
is due to their average age which were relatively younger
compared to the recreational athletes. Also, the expectation
of return to sports activity among them will be higher which
is within 1 year following complete ACLR post-operative
rehabilitations (Fabricant et al., 2016). A recent systematic
review with meta—-analysis which involved 2093 patients
documented that there were no difference in clinical and
functional outcomes between those receiving early or de-
layed (3 and 6 weeks cut-off) ACLR surgery for isolated
ACL injury (Vermeijden et al., 2022). However, despite this
report, the question on the success of return to sports re-
mains unanswered. Unfortunately, this study could not fur-

ther clarify on this issue. The lack of available published data
for Malaysian recreational athletes and high performance
athletes warrants more studies to address this concern in the
near future.

It is recommended to conduct ACLR reconstruction
within the first year from injury incidence (Kennedy et al.,
2010). This is in order to minimise the risk of further dam-
age to the meniscus and thus lead to early joint degenerative
changes (Church & Keating, 2005). Studies have also shown
that the time from injury to ACLR reconstruction is associ-
ated with a better objective performance and functional out-
comes (Bieri et al., 2017). As ACLR injuries are commonly
linked with a meniscus tear, a study by Yeo, Suhaimi and
Parker (2019) reported that good patient-reported outcome
measures (PROMs) can be obtained and failure rates after
arthroscopic meniscal repair can be reduced when the pa-
tient received treatment within 3 months following the ini-
tial ACL injury involving meniscus tear. In this study, more
than 60% of ACLR cases were treated less than 6 months
and approximately 20% were done after more than 6 month
but within a year following the injury. The practice of early
ACLR surgery timing lead to a better knee function, reduced
knee laxity and better scoring in subjective knee evaluation
with improved early return to sports activity (Kennedy et
al,, 2010). In addition, early ACLR surgery is also beneficial
in reducing the individual physiology inactivity among the
ACLR patients (Bieri et al., 2017; Fabricant et al., 2016; Grin-
dem et al., 2015). However, data in this study also presented
that fewer than 10% of ACLR cases had their surgeries after
more than 1 year (Kennedy et al., 2010).This group of patients
could have preferred conservative management and only
decided to undergo surgery when failed to achieve satisfac-
tory knee outcomes and functional performance. The ACLR
surgeries among national athletes were performed less than
6 months of post-injury. The practice of early ACLR surgery
timing among this group of patients follows the practice as
suggested in literature and this will aid in faster recovery
and early return to sports (Yeo et al., 2019). Contrary to this,
Fabricant et al. (2016) reported that acute or delayed surger-
ies produce an equal rate of return to sports, although with a
varying degree of time of recovery for each individuals. It is
recommended that future researches should consider to in-
clude the time to surgery and time to return to sports activ-
ity as appropriate predictor and outcome variables. Recent
literature also suggested an acute ACLR surgery (received
ACLR surgery within 16 week prior to time of injury) may
be performed safely without the increased risk in develop-
ing arhtrofibrosis. This could also prevent secondary injury
associated with meniscus and cartilage lesions, in which the
patients’ age and sports activity level are key factors to review
when considering timing for surgery (von Essen et al., 2020).

The significance of preoperative physiotherapy man-
agement (prehabilitation) prior to ACLR surgery cannot be
questioned. In the orthopaedic field, the concept of preha-
bilitation has gained attention as it has been found to im-
prove the outcome following surgery (Granicher & Scherr,
2021). The benefits of prehabilitation has been explained
previously (Giesche et al., 2020; Granicher & Scherr, 2021)
and comprises reduced post-operative pain, length of stay
in the hospital, and post-operative complications, while it
increases knee functions and have early return to sports rate.
Better ACLR rehabilitation results can be attained by a struc-
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tured preoperative physiotherapy management (Grindem et
al., 2015). In this study, the percentage of ACLR patients re-
ceiving preoperative physiotherapy prior to surgery is low in
both recreational and national athletes. This scenario needs
to be explored since the benefits of prehabilitation in ortho-
paedic surgery has been well accepted and documentated
since 1942 (Rowntree, 1942).

A survey by Carter, Webster, and Smith (Carter et al.,
2021) among 122 physiotherapists worldwide established
that 84% of the respondents reported many ACLR patients
who were waiting for ACLR did not receive prehabilitation.
However, this study did not report the reasons on why pre-
operative physiotherapy was omitted. A systematic review
found little variation in the content of prehabilitation and in
general, the protocol consist of exercises including muscle
control and co-contraction of the knee muscle specifically
the quadriceps and hamstring (Giesche et al., 2020). Pre-
vious studies recommended that prehabilitation protocols
should consist of strengthening and stretching exercises of
the lower limb (4 to 6 weeks with 2 to 4 times per week) with
considerations to include advanced neuromuscular (pertur-
bation, balance, stability, proprioceptive exercises) and plyo-
metric exercises (Carter et al., 2021; Wilk & Arrigo, 2016). As
recent literature highlights that there is no specific evidence-
based guidelines for strength and neuromuscular training
in the early stage after ACL injury (Giesche et al., 2020),
further research exploration in this area is recommended.
Although this study found a very low percentage of patients
who received prehabilitation, the prehabilitation protocol
in standard of care for ACLR patient is recommended to
be increased to maximize the functional outcome following
surgery (Ebrahimi Atri & Taghizadeh, 2021). Additionally, it
is predicted that with progressive structured prehabilitation,
it will provide a better functional outcome following surgery
and increase the chance of early and safe return to sports
activity at pre-injury level. While the effects of prehabilita-
tion prior to ACLR surgery seem beneficial in improving the
ACLR recovery rate, more research are also required here
to identify the correct exercises dosage (duration, intensity,
frequency) and optimal exercise protocol (Carter et al., 2021;
Ebrahimi Atri & Taghizadeh, 2021; von Essen et al., 2020).

There are a few limitations in this study. Firstly, the data
were collected from a single hospital representing the central
region of Malaysia. In future, inclusion of ACLR registry
from each region in Malaysia will be necessary to enable
better understanding on the outcome of surgery including
return to sports. This include long term monitoring of the
status of HR-QOL, secondary complications such as post-
traumatic osteoarthritis and level of physical activity. In ad-
dition, as no standard online registry system was available,
the reporting on ACLR outcome following surgery were
varied across surgeons. Also, essential information may be
missed out and less documented. Future research initiatives
should be taken on developing the standard ACLR registry
system for better monitoring of ACLR outcome.

Conclusion

Anterior cruciate ligament reconstruction (ACLR) is the
most common procedure conducted in sports injury field.
This study reports the rise of ACLR procedures performed
annually in Malaysia with low number of ACLR patient re-

ceiving preoperative physiotherapy. Further studies should
emphasis on larger samples and assess the consequences
of preoperative physiotherapy management on functional
outcomes post ACLR surgery.
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"YuiBepcurer ocBitu imeni Cynrana Inpica

*Mepuuannii nentp HanionanpHoro yHiBepcurteTy Masaiisii

*HauionanbHnii yHiBepcuteT Maaitsii

Pedepar. Crartst: 8 ., 2 Tab1L., 3 puc., 24 pxepena.

Icropis muTanHA. PiBeHb 0cOOMCTOrO NpMIydeHHS O 3aHATH CIOPTOM 3POCTAE, TUM CaMUM HiBUIIYIOYM PUKK
TpaBMyBaHHsA KOJiH. Po3pus nepeguboi xpecronofibnoi 38’a3ku (I1X3) € HalIOMMpPEHINIOn TPaBMOK KOJIiHA, AKa
y
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notpebye xipypriunoro BigHoBneHHs [1X3 (XBIIX3). OpHak Ha CbOTOfHI iCHYe 0OMeXeHa Ki/bKiCTh JOKYMEHTAa/IbHNX
¢axris npo xapaxrepuctuky XBIIX3 B Masaitsii anst nopiBHAHHA 3 KpaiHamy 3axofy. MeTo0 IIbOro ZOCTIIKEHHS € OIIC
enifieMionoriyaux xapakrepuctuk XBIIX3 Ta 3arajpHOro HanpsMKY Ilepefonepaniiitoi ¢isiotepamnii (mepegonepaniinoi
peabinmiTanii).

Marepianu Ta Mmetogu. Byro 3po6neno Butsaru ta nposefeHo aHamis Bumazgkis XBIIX3, sapeectpoBannx y 6asi
JAHMUX 3aK/Iajly TPETMHHOI MESVYHOI JOIIOMOTH B epiof Bifi ciuna 2015 poky go rpysusa 2020 poky. Ile perpocniekTusHe
IocmimKeHHs 6yn0 cxBaneHe KoMiTeToM 3 eTHKM HAYKOBMX JOCI/KeHb P LIbOMY MegudHoMY 3akaani (mo3sin UKMP-
P1/111/8/JEP-2020-500). Jo posriany 6ymu BkmodeHi Bci Bunagku XBIIX3, mos’AsaHi 31 cnopTUBHMMM TpaBMaMu, KpiM
TpaBM, He II0B’A3aHuX 31 cnopToM. Bubipky Bunazkis XBITX3 3 posnopinom 3a poxamu 3fifiCHIOBa/IM 3a JOIIOMOT 010 GopMu
«IHpopMais mpo TpaBMu», AKa MICTUTD Taki 3MiHHI, K BiK, cTaTh, TN po3puBy I1X3, cymyTHA TpaBMa MeHiCKa, TPUBAJICTD
Hepiofy Bifjf MOMEHTY TPaBMyBaHHs [0 IPOBEIEHHs oleparil Ta TOKIA[HWIT ONNC Mepeforepaniiitnol peabimiraii. s
y3araJbHeHHs TaHNX BUOIPOK BMKOPMCTOBYBAIN OINCOBY CTATUCTUKY.

PesynpraTn. ¥ nepiog 2015-2020 pp. 6ymo sapeectposaHo 3aranom 131 sunagox XBIIX3 (qonosiku, n = 122; xiHKH,
n = 25). [IpoTsrom crocrepexxyBaHMX POKiB KinbkicTh Bumaakis XBIIX3 xonmBamacs, mpu 1bOMY 3a OGVMH Pik 6y/10
3apeecTpoBaHo MakcuMmyM 30 BuIazkis, a 98% Bumajkis 6y mpefcTaBIeHi MOTOAKHOIO BIKOBOIO IPyIIO0 (BikoM 15-47
pokiB). CepenHill Bik Ha MOMeHT onepalii cTaHoBUB 27,1 (£7,79) poky. ¥V cepenubpoMy 80% CIIOPTCMEHIB 3aABUIN IIPO
BifICyTHICTD IOIIEpeAHiX TpaBM KOJiH y Munynomy. Harimomupeniumm tunom tpasmu I1X3 6ys nmosHuit pospus (88%),
3a SIKMM IIyTb YaCTKOBUIT po3puB (9%) i moBTopHuit pospus (3%). TpaBMy MeHicKa 6Y/I0 KOHCTaTOBaHO B 61% BUIAKiB.
TpuBanicTb mepiofy Bi MOMEHTY TpaBMYBaHHA [I0 IPOBEleHH:A oIlepallil cTaHOBMIa 15 TVOKHIB. 3a pe3ynbTaTaMu
TOCTiIKeHH: 0Y/10 BCTAHOB/ICHO HM3bKMII BifcOTOK manieHTiB i3 XBIIX3, ski oTpuMyBanu nepefonepaniiiny peabiniraito
1o omeparii (<20%).

Bucnosku. Bunagxy XBITX3 mopoky 1oka3yloTb MiHINBY TeHaeHIio0. He3paxkaroun Ha Te, 10 Oi/IbIIiCTh BUITAZIKIB
I1X3 cTaHOBM/IA MTOBHMIT PO3PMB, YIACHMKM OYiKyBa/my Ha mpoBefieHHA XBIIX3 monam 4oTvpy MicsAni, mpuaomy nmime
YBepTh i3 HMUX OTPUMYBa/Ia IepefolepauiitHy peabimirtanito fo omepauii. [IpudmMHN TaKuUX CUTYyaliil TOTPeOYIOTH
poscrinyBaHHs. TaKoX YBaXKa€TbCsl HOLUIBHUM IIPOBEJCHHs MOfja/IbLIIOr0 JOCII/PKEHHS 3 BUKOPUCTaHHAM Oinbirol 6asy
TaHMX I TTOIMOIeHHs PO3yMiHHA KapTuHM TpasM I11X3.

KnrouoBi cnosa: xipypriune BigHoBnenus [1X3, onycosa emigemiosnoris, nepepomnepariiina ¢isiorepamnis, TpaBma
KOJIiHa.
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Abstract

Study purpose. This study aimed to analyze the effect of a small-sided games (SSGs) cooperative learning model on
female students’ motivation to participate in practical football learning.

Materials and methods. The one-group pretest-posttest design was used to identify the change in motivation on
twenty female eleventh grade students selected as research subjects by random sampling techniques. Data on their
motivation were collected before and after the small-sided games practice. Data analysis was carried out by using

descriptive techniques and the dependent t-test.

Results. The results indicated a pretest value of 134.30 with 15.97 as the mean value. Meanwhile, the posttest resulted
in a value of 152.60 with 15.73 as the mean value, which yields a difference of 18.3 in the mean values. It indicates an
increase in motivation by 13.63%. The dependent t-test resulted in 6.654 as t-count value at 0.05 significance level.
These results indicated that small-sided games cooperative learning model in physical education had a significant
effect on improving female students’ motivation to actively participate in football. Examining the implementation of
football SSGs in school physical education courses and its effect on the motivation of female students to participate in
practical football playing was the focus and novelty of this study.

Conclusions. This study findings will be useful resources for sports instructors and stakeholders in physical
education to give more consideration to innovations such as SSGs in increasing awareness and participation of
students in sports and physical activities, especially football, to improve their physical health, and as one of the

determinants of achieving success in students’ studies.

Keywords: female students, football, motivation, physical education, small-sided games.

Introduction

It has been a challenge to engage female students in the
field of Physical Education for teachers/instructors (Azza-
rito, Solmon, & Harrison, 2006; Enright & O’Sullivan, 2010;
Slater & Tiggemann, 2010). One of the existing variables
which contributes to the learning outcome of female stu-
dents in Physical Education teaching and learning process is
motivation. To construct students’ activities, student moti-
vation is the main aspect that should be achieved in the early
phase of learning process (Darmawan, Ridwan, & Herdy-
anto, 2019). However, students’ motivation to study physical
education is experiencing a downward trend with increasing
student school levels (Ha et al., 2018).

© Ridwan, M., Prakoso, B.B., & Putranta, H., 2022.
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Sports research and physical education research have
shown an intrinsic relationship of positive motivation with
reduced boredom in students, increased enthusiasm, and de-
termination to participate in physical activities. Many teach-
ing innovations have been created by educators in teaching
sports to high school students, one of which is Small-Sided
Games (SSGs). Small-sided games (SSGs) are learning meth-
ods that involve physical sports in a minimized area, often us-
ing modified rules and involving fewer players than common
sports. Halouani et al. (2017) focused their research on the
need to test the optimal periodic strategy of SSGs training for
the long-term development of physiological capacity, techni-
cal skills, and tactical abilities, and minimize the risk of inju-
ry to players. In addition, Trajkovic et al. (2017) studied SSGs
vs instructional training to improve the accuracy of skills
in young female volleyball players which proved that SSGs
are more effective in increasing accuracy in young female
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volleyball players. Furthermore, Jastrzebski and Radziminski
(2015) compared time-motion analysis and physiological
responses that produce intensity in SSGs football players of
all genders in 4 vs 4 SSGs and noted similarities.

Previous studies that discuss the implementation of
small-sided games in football by women players abound, how-
ever, research that connects small-sided games as a method of
learning football to increase the motivation and participation
of female players (students) has not yet been conducted. This
study’s findings will be useful resources for sports instructors
and stakeholders in physical education to give more consider-
ation to innovations such as SSGs in increasing awareness and
participation of students in sports and physical activities, es-
pecially football, to improve their physical health, and as one
of the determinants of achieving success in student’s studies.
The purpose of this study is to analyze the influence of SSGs
cooperative learning model on female students’ motivation to
participate in practical football learning.

Physical education influence on student learning outcome

Physical education (PE) gives a significant contribu-
tion to human resources development. According to that
condition, physical education hopefully can make students
healthier and have good physical fitness by applied teach-
ing and learning processes based on a curriculum that can
increase student competencies. Trost (2007) added that “...
children who are physically active and fit tend to perform
better in the classroom, and that daily physical education
does not adversely affect academic performance, schools can
provide outstanding learning environments while improv-
ing children’s health through physical educations” However,
there is discrimination between females and males in physi-
cal education during the teaching and learning process and
they should actively make good teamwork and contribute to
each other (Ulstad et al., 2016).

Female participation in football course

Nowadays, football is not only played by male but also
female as well as give more opportunity for a female to join
the competition and get the achievement as a professional
football player. According to the International Federation
of Association Football (FIFA), there are approximately
270 million people directly involved with football of which
840,000 are referees and assistant referees. Ninety-four per-
cent are men and 6% are women (Orta, 2014). Murphy et
al. (2014) supported this fact by mentioned that only about
6-7% of female students are interested in playing football.
Therefore, his study suggested effective and innovative
teaching methods for enhancing female students’ engage-
ment in physical education, especially football.

Small-sided games (55Gs)

SSGs exercise intensity is usually increased with the
concurrent reduction in player number and increase in rela-
tive pitch area per player. A small number of influential SSGs
players will be more effective in increasing the intensity of
the game so that all players in SSGs show greater and more
intense participation compared to SSGs with a large number
of players. Furthermore, pitch area is the main factor that

has a strong influence on psychological stress in SSGs, the
impact of which makes SSGs an effective sports teaching
method for physical training/education. Direct coach su-
pervision during SSGs has been shown to increase compli-
ance with training programs, increase training intensity, and
increase performance measures in various training modes.
The physiological response to SSGs is significantly higher
during situations with coach encouragement compared to no
encouragement during all SSGs formats. The presence of the
goalkeeper can also affect the intensity of the SSGs. In a study
of Bujalance-Moreno et al. (2019), it was found that there was
a positive influence of the goalkeeper on the intensity in SSGs
format (4 vs 4). To date, only one study has explored the effect
of game duration on physiological responses in SSGs football
(Fanchini et al., 2011). There was a significant increase in HR
response (expressed in percentage HRmax) between game
duration 2 and 4 minutes (82, respectively, 4 vs 85.9%) and
a decrease between the duration of games 4 and 6 minutes
(85.9 vs 85.6%, respectively). There is only one study that
explores energy expenditure and enjoyment during SSGs
badminton games in boys who are overweight (reference). In
this study, the finding indicates that it might be better to play
SSGs in a larger court when space is available.

Materials and methods

General background and participants

This study used the quasi-experiment research design.
The research design used was a one-group pre-test (before
being given treatment/applying SSGs) and post-test (after
being given treatment/applying SSGs). The population in
this study comprised of twenty female eleventh grade stu-
dents studying sciences from SMAN 11 Surabaya. The sam-
ple used in this study were female students due to several
reasons. Many women were afraid of football because foot-
ball had a lot of body contact or touch between bodies. Many
women did not like football. In addition, the field for study-
ing physical education in schools was still limited. The ran-
dom sampling technique was applied using cluster random
sampling to select the population of the study.

SSGs procedure

In this study, SSGs used a small playing field with a short
duration of play. The number of students was determined
constantly (4 vs 4) and three small pitch sizes were 10 x 15
(150 m?), medium: 15 x 20 (300 m?), and large: 20 x 25 m
(500 m?). The pitch ratio per player (pitch area divided by
several players) was 1:19 m2, 1: 37.5 m? and 1: 62.5 m? re-
spectively for small, medium, and large pitch areas. Duration
of the game, students do a 4 x 4-minute game with a 2 min-
ute recovery period in between. During the recovery period,
the players were instructed to stop the ball and rest it under
the sole in a zone 1 meter before the finish line of the playing
field. Stopping the ball allows the player to determine a way
to enter the “destination zone”

Data collection and analysis

The data collection instrument used was the question-
naire with items designed to follow football learning and
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consisting of 40 items. The item validity test results = 0.323
- 0.789 (n =41, r-table 0.2542) and the reliability test = 0.952.
The pre-test was carried out during the first meeting by giv-
ing a motivational questionnaire to students which revealed
the motivation that consists of perceived competence, task
orientation, and motivational climate variables in learning
football courses. The treatment phase was conducted in
2-4 football meetings with the subject focused on passing
the lesson. In this phase, the students are formed into four
groups. Meanwhile, the post-test was conducted at the 4th
meeting of the small-sided games.

The data analysis was descriptive statistics. Tests were
conducted to test the effect of independent variables (SSGs)
on the dependent variable (motivation) and its difference
in pre-test and post-post using the t-test with a significance
level of 0.05. Data analysis was performed using Cronbach’s
alpha to determine its reliability. The study design was an
unequal control group design and manipulation checks
were carried out on the pre-test to check for any major dif-
ferences in motivation. Analysis of variance (ANOVA) was
performed to compare the differences between the two edu-
cational conditions on motivation with t-tests conducted to
show a significant analysis.

Result

Small-sided games used as the treatment in four meet-
ings showed significant impacts on female students’ moti-
vation in practicing football. Table 1 described the results
of descriptive analysis of female students’ motivation. The
pre-test of perceived competence obtained an average value
of 134.30, with a standard deviation value of 15.97, the low-
est value of 112.00, and the highest value of 165.00. While
the post-test obtained an average value of 152.60, with a
standard deviation value of 15.73, the lowest value is 129.00,
and the largest value is 179.00. Likewise, the value of task
orientation and motivational climate is greater at post-test,
so it can be concluded that SSGs are effective in increasing
competence, orientation towards tasks, and motivational cli-
mate in teams. Furthermore, a normality test was conducted
to continue the parametric statistical analysis to test the ef-
fect of the small-sided games on the motivation of female
students in participating in the football course.

Meanwhile, Table 2 presented normality test of the form
of motivation data distribution between pre-test and post-
test. Based on the results of the normality test the distribu-
tion of motivational data indicated a normal distribution, so
the parametric statistical analysis using the t-dependent test
was conducted (Table 3). In addition to knowing the effect
of small-sided games on the motivation of female students in
participating in learning football, a large increase in motiva-
tion was calculated before using small-sided games and after
using small-sided games.

Also, the results of the analysis of the influence of small-
sided games on female student motivation are explained in
Table 3. Different tests of normality in this study also used
parametric statistical analysis, namely the paired sample t-
test. Whereas to find out the magnitude of the effect of ap-
plying the small-sided games model, it was calculated using
the difference between the results of the pre-test and post-
test that was divided by the average pre-test results multi-
plied by 100%, and the following results were obtained. It
was found that student motivation has an average pretest of
134.30 and a posttest average of 152.60 with a difference of
18.3, a t-value of 6.654 with a significance of 0.000 <0.05, so
there is an increase of 13.62%.

Table 1. Descriptive statistics

Variable N Test Mean SD Min. Max.
Perceived 20 Pre-test 13430 15.97 112.00 165.00
competence Post-test 152.60 15.73 129.00 179.00

20 Pre-test 133.50 15.60 113.00 162.00
Task-orientation
Post-test 154.00 14.80 124.00 174.00
Motivational 20 Pre-test 130.26 14.70 114.00 151.00
climate Post-test 151.80 15.30 121.00 168.00
Table 2. Normality test result
Variable N Test z Sig.

) Pre-test 0.140 0.200

Perceived competence 20
Post-test 0.186 0.068
) ) Pre-test 0.139 0.019

Task-orientation 20
Post-test 0.187 0.069

Table 3. T-test dependent results
. . Gain .
Variable N  Test Mean Diff. (%) t Sig
(]

i Pre-test 134.3
Perceived 20 18.3 13.62 6.654 0.00
competence Post-test 152.6

Pre-test 135.6
Task-orientation 20 184 13.56 6.656 0.00
Post-test 154.0

ivati Pre-test 136.8
Motivational =, , 19.00 13.88 6.705 0.00
climate Post-test  155.8
Discussion

This research results indicate a significant decrease in
orientation in traditional conditions before the post-test. The
motivational climate did not show any significant changes
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under the conditions of sports education but has shown a sig-
nificant decrease in scores under traditional conditions for
motivational climate. These results support previous research
on teacher understanding of sports education having a posi-
tive effect on student motivation in physical education (Alex-
ander & Luckman, 2001; Grant, 1992). Furthermore, Hastie
(1998) has shown that insisting on sports education planning
can improve student skills and tactical development.

There is a significant difference between sports educa-
tion and traditional conditions based on perceptions of com-
petence, task orientation, and motivational climate with the
size decreasing from pre-test to post-test under traditional
conditions compared to the conditions of sports education.
Previous studies of sports education models have shown
that these results can be linked to student excitement, en-
gagement, and participation (Wallhead & O’sullivan, 2005).
A motivational climate that is perceived to be more oriented
towards competitiveness prevails more in sports education,
which can be attributed to task orientation and positive mo-
tivation (Castro-Sanchez et al., 2019).

This research findings can be utilized in learning physical
education because football is included in the material must be
implemented starting from elementary school to high school.
The state of the school in Indonesia, which on average does
not have a standard football field and has become an open se-
cret that more female students are passive in physical educa-
tion lessons, especially in football. For this, small-sided games
are suitable to be applied in such a situation so that they can
be interesting student interest as well as the enthusiasm of
students in participating in football learning and students
will get new experiences in football games that have not been
obtained before. With the facilities and infrastructure avail-
able at school, given the application of small-sided games
conducted by researchers can stimulate students to be more
active, have an enthusiastic play, and have high motivation in
participating in football learning, which at first was not en-
thusiastic when given it conducted on hot weather conditions.

Conclusion

Asthisresearch findings showed that SSGs positively aftect-
ed female students’ motivation in practicing football through
the aspects the strategy covered, SSGs can be continuously used
by trainers in developing players’ skills specialized skills, in ad-
dition to increasing their perseverance. The aspects need closer
attention to implement SSGs to get optimum effect on students’
motivation were number of players, pitch areas, coach encour-
agement, the involvement of goalkeeper, game duration, and
exploration of energy expenditure and enjoyment.

Further research is needed to gain more insight into the
SSGS’ core interactions the best way to use them to improve
student’s physical education. Recommendations to physical
education teachers when teaching sports lessons are to endeav-
or to alter team setups and vary the intensity of exercise during
SSGs. More to that, effective sports teacher encouragement is
vital in intensifying exercises, as well as giving comments.
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POJ1b IFTOP HEMOBHNUMW CKJIAAAMMW B NOBYA0OBI
MOTUBALII WWKONAPOK A0 NMPAKTUYHOIO HABYAHHA IPU
Y OYTBOJ1 HA BAHATTAX I3 ®I3NYHOI0 BUXOBAHHA

Mouamap Pigsan'4P%, baro Bypi IIpakoco'“’%, Ximasan ITyrpanTa’ <P

'Cypabailcbknit Aep>KaBHUI YHIBEPCUTET
2JI>KOK AAKapTChKMI AepyKaBHUIT icmaMcbkmit yHiBepcuteT iMmeHi Cynana Kanimxarn

Pedepar. Crarrs: 5 c., 3 Tabn., 1 puc., 19 mpxepern.

Mera mocnigKeHHs. MeTo0 I[bOr0o JOCTPKeHH: 6Y/I0 IPOBeIeHH: aHasIi3y BIVIMBY MOJie/li KOJIEKTMBHOTO HaBYaHHA 3 BU-
KopucTaHHsM irop HernoBHUM cKnagami (IHC) Ha MoTHBaLi0 IIKOJISPOK O YYacTi B IPaKTMYHOMY HaB4aHHI GyTOOTY.

Marepianu ta MmeTogu. JJocnipKeHHA POBOAN/IN 32 I/TAHOM IIOIIEPeJHbOrO Ta Mi/[CYMKOBOIO TeCTyBaHHSA Ha OfHIil IpyTi
I BUSHAUEeHHsI 3MiHM MOTHUBALT ABa/LIAATH OAMHALATYKIACHNIb, BiliOpaHX yIaCHUISIMY OCTIIKEHHS MEeTOAMIU BUIIAZKO-
Boi B16ipku. JlaHi Ipo IXHI0 MOTMBAILlif0 30MpaM 10 Ta MiC/IA NPAKTUYHUX 3aHATD 3 irOp HEIOBHUMU CKJIafaMu. AHasli3 JaHMX
IIPOBOAVI/IN 3 BUKOPVMCTAHHAM OIMCOBMX METOHIB i t-kpuTepito CThIOfIeHTa A 3a/IeXKHNX BUOIPOK.

Pesynbrarn. PesynbraTy mokasany 3HaueHHA INOIEPeIHbOr0O TecTyBaHHA 134,30 i3 cepenHiM 3HauenHaAM 15,97. Topi Ak mip-
CYMKOBE TeCTyBaHHA Ja/Io B pe3y/IbTaTi 3Ha4eHHA 152,60 i3 cepeiHiM 3HaYeHHAM 15,73, 1110 a€ pisHMUIIO cepeHiX 3HaYeHb 18,3.
ITe o3Hauae 3pocraHHA MoTuBalii Ha 13,63%. 3a pe3y/IbraTamu 3acTOCyBaHHs t-kpurepito CTbiofieHTa O0y/I0 OTPMMAaHO 3HAYCHHS
6,654 3a piBHA 3HauymocTi 0,05. Ii pe3ynbpraTy IOKa3amy, 10 MOJEb KOJIEKTYBHOTO HaBYaHH:A 3 BUKOPVCTaHHAM irop HEIOBHM-
MU CK/IafiaMy Ha 3aHATTSX i3 (i3MYHOr0 BUXOBAHHS CTATUCTIYHO 3HAYYIO BIUIVMBAIN HA MiBUIEHHS MOTUBAII IIKO/LSIPOK 10
aKTMBHOI y4acTi y Tpi y ¢pyr6on. OcHOBHA MeTa I HOBU3HA I[bOTO JOCTIIXKEHH MoATanu y BuBdeHHi peanisanii IHC y ¢pyr6on
Ha IIKIIPHMX 3aHATTAX i3 GisMYHOro BMXOBaHH Ta 1i BIVIMBY Ha MOTMBAIIIIO LIKO/IAPOK /IO Y4acTi B IPaKTUYHIl Ipi y GyTOOIL.

BucHoBKu. Pe3y/nbTaTit IbOro BOCTIIKEHH OyAyTh KOPUCHUMIY Kepenamu iHpopmanii At BuuTenis (PisuuHOro BUXO-
BaHHA Ta 3aljikaBJIeHUX 0CiO y ramysi (10131/1!{1-101‘0 BMXOBaHHA, AKi NPUIITATUMYTh 6i)1bmy yBary poini Takux inHosanii, ax IHC,
y mifiBuieHH] 06i3HaHOCTI Ta y4acTi yuHIB y crnoprti Ta (isuuHiit AisabHOCTI, 0c061MMBO y PyTOOI, /11 MOKpallleHHs IXHBOTO
(bisn4HOro 310POB’s, i POSI/IAATUMYTD TaKi iIHHOBALI SIK OfVH i3 BUPIIIaIbHIX YMHHUKIB JOCATHEHHS YCIIXy B HABYAHHI y4HIB.

KirouoBi cmoBa: mkomsapky, Gpytoor, MoTuBanis, GpisndHe BUXOBAHHS, irp) HEIIOBHUMM CKTQffaMIL.
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Abstract

The study aimed to examine the effect of individualized (IT) and respiratory muscle training (RMT) on pulmonary

function among collegiate swimmers.

Materials and methods. The study recruited 43 healthy collegiate swimmers aged 18 to 25, and they were freestyle
non-elite swimmers who swam at least three days a week. The participants were divided into three groups of Usual
training (Control Group A), Respiratory muscle training (Experimental Group B) and Combination of respiratory
muscle training and individualized training (Experimental Group C). The repeated measures two-way ANOVA was
used to evaluate the differences within and between (time x group) the groups upon completion of the four-week

intervention.

Results. Both experimental groups (Group B and C) showed significant improvement within the groups. Whereas in
between-group comparison, Group C (RMT and IT) showed tremendous improvement with significant differences
in FVC value, predicted FVC value (percent), FEV1, FEV (percent), and predicted MV'V, with the exception of the

FEV1/EVC predicted ratio percent.

Conclusions. When RMT and IT are used combined, swimmers” performance increases more than when RMT and
usual training are used separately. The findings suggest that training instructors may adapt RMT and IT techniques
to fit the individual demands of swimmers in order to increase progress and performance efficiency, especially among

competitive swimmers.

Keywords: individualized training, respiratory muscle training, pulmonary function, collegiate swimmers, swimming

performance.

Introduction

Freestyle swimming is the common stroke technique
used by participants at various sports levels. Swimming is a
dynamic exercise controlled by multiple stroke techniques,
muscle and lung physiology, as well as related anthropom-
etry (Cohen et al., 2015). Swimming has a variety of effects
on lung functions, such as increased lung capacity and en-
durance over a period of time (Pareek & Modak, 2013).

© Muthusamy, S., Balasubramanian, K., Subramaniam, A., &
Balasubramnaiyam, A., 2022.
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Despite this, swimming is a physically challenging sport
that demands the diaphragm and respiratory muscles to
function in order to counteract chest wall expansions and
to tolerate the amount of stress throughout the breathing
cycle caused by immersion in water pressures (Cunha et al
2019, Sable et al 2012). Water pressure in the thorax impairs
respiratory function, resulting in fatigue and an alteration of
the respiratory muscle metaboreflex (Hess & Hostler, 2018).
Respiratory muscle activity is required not just for proper
breathing but also for physical movements. Some research
indicates that professional swimmers are more likely to ex-
perience exercise-induced respiratory symptoms and are
more susceptible to exercise-induced bronchoconstriction
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even in the absence of asthma (Bougault & Boulet, 2012).
Thus, swimmers in need of an excellent respiratory muscle
strength and high aerobic capacity to overcome the chal-
lenges faced under the water (HajGhanbari et al., 2013).

Many studies have been conducted on training for the
respiratory muscles in order to increase swimming perfor-
mance (Lemaitre et al., 2013; Wells et al., 2005; Witt et al.,
2007; Wylegala et al., 2007). One of the exercises that has
been popularized is respiratory muscle training (RMT), a
technique that aims to improve lung functions, reduce the
development of respiratory muscle fatigue metaboreflex oc-
currences through specific exercises (Bagiran et al., 2019;
Espinosa-Mendez et al., 2021; Ren-Jay Shei, 2018; Wilson
etal, 2014). The RMT technique of high-force, low-velocity
contractions improves respiratory muscle strength as well
as pressure generation capacity in the inspiratory and ex-
piratory muscles against a closed glottis (Illi et al., 2012).
Further, the RMT would improve adaptations in muscle fi-
bre structures and improve cross-section muscle strength
and functional adaptations like endurance and inspiratory
flow (Menezes et al., 2016). In addition, the individualized
training (IT) combined with RMT has shown significant
improvement in respiratory functions (Kim et al., 2014; Mu-
thusamy et al., 2021). Evidently, IT enhances sports-related
performances in a various of sporting specialties as the re-
spiratory muscle strength improves significantly under dy-
namic conditions (HajGhanbari et al., 2013; Illi et al., 2012).

Although numerous studies have been published on
the effectiveness of RMT and IT, there is a scarcity of re-
search on the effectiveness of the exercises on swimming
performance in terms of pulmonary function. Thus, the
purpose of this study was to examine the effect of IT and
RMT on pulmonary function among collegiate swimmers.
The study hypothesized that there would be no difference in
the swimmers’ pulmonary functions following IT and RMT
intervention.

Materials and methods

Study participants

An experimental study with forty-three collegiate swim-
mers (Age = 19.53 + 1.12) were recruited in the current
study. All the recruited participants were assessed based on
the predefined criteria by a blinded assessor. The inclusion
criteria were healthy swimmers aged 18 to 25, freestyle non-
elite swimmers, and swims at least three days a week. The
study excluded swimmers with recent infections in lungs,
congenital pulmonary problems, known history of respira-
tory problems like asthma, COPD, etc., recent injuries to the
lower limbs or upper limbs, BMI greater than 24 kg/m? and
those participating in any other research. All swimmers were
explained on the study and informed consent was obtained
prior to the experiment. The current study obtained ethi-
cal approval from Department of Physical Education and
Health Sciences, Alagappa University, India.

Study organization

Selected swimmers were divided randomly into three
group; Group A: Usual training (control group), Group B:
Respiratory muscle training (experimental group) and

Group C: Combination of respiratory muscle training and
individualized training (experimental group). Measurements
of swimming performance were taken before and after the
four weeks of intervention period for the respective groups.
Prior to the intervention, the baseline measurement of the
swimmers such as time taken to complete 100m distance,
max HR, FVC, FEV1, FEV1/FVC, and MVV were obtained.

Participants in Group A (Usual training) had regular
training sessions were given a standard exercise load and a
standard land-based training regimen 0. Cardiovascular ex-
ercises such as jogging, cycling (both static and non-static),
and light resistance training with an emphasis on freestyle
swimming’s major muscles were emphasized in the train-
ing session. Group B (RMT) received respiratory muscle
training throughout the training session prior to warm-up
and cool-down, followed by their normal routine activi-
ties (Cunha et al., 2019, Lemaitre et al., 2013). The RMT
intensity ranged from a low level to a moderate level (Based
on the medium resistance power breathe trainer) (Cunha
et al,, 2019). Group C’s (RMT + IT) training intensity was
prescribed based on each participant’s resting heart rate,
maximum heart rate (220-Age) and Borg’s scale of 10 points
(Grant, 2017; Sadowski et al., 2012). In the first week of train-
ing, exercise intensity was set at 75% and progressively in-
creased depending on the swimmer’s capacity, with RMT
incorporated into the training sessions. Participants in all
three groups were assigned to five-day weekly practice ses-
sions with sufficient rest in between. An expert swimming
coach kept track of the training sessions and progression,
while an expert cardiorespiratory physiotherapist advised
the RMT training and levels. The study procedure has been
explained in Figure 1.

The Garmin Forerunner 935 watch was used to measure
the swimmers’ distance and monitor their heart rates. The data
was recorded using the Garmin app on the smart phone. The
Garmin watch was strapped to the chest with a sensor that con-
nected to the watch, and it was worn throughout the 100-meter

o
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Fig. 1. Study flow chart.

Note. Forced Vital Capacity (FVC), Forced Expiratory Volume
In 1 S (FEV1), Forced Expiratory Volume In 1s (FEV1), and
Maximum Voluntary Ventilation (MVV)
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swim to accurately measure the heart rate. Precautions were
taken to ensure that the participant’s breathing was not restrict-
ed or that any discomfort was avoided during the swim.

The respiratory muscles were trained with a medium-
resistance trainer, Power breathe® device (Gaiam Ltd; South-
am, Warwickshire, UK) (Nepomuceno Junior et al., 2016).
Before using the power breathe, all participants were given
clear instructions and a practical demonstration. The resis-
tance settings on this trainer range from level 0 to level 9
(Amaro et al., 2017). The resistance can be increased or de-
creased using an adjustable knob at the bottom of the device.
The higher the level, the greater the resistance. Levels 2 to 8
were prescribed for different groups with different exercise
sessions in the current study.

The UBREATH?® Pro Spirometer System PF680 (e-Link-
Care Meditech Co., Ltd, Manchester, United Kingdom) was
used to measure pulmonary function among the swimmers.
The data of three expiratory maneuvers with 1-min intervals
were measured and collected using the best values obtained
for forced vital capacity (FVC) [L], forced expiratory volume
in 1 s (FEV1) [L], forced expiratory volume in 1s (FEV1)/
FVC [L], and maximum voluntary ventilation (MVV) [L].

Statistical analysis

IBM SPSS version 24.0 software (IBM Corp., Armonk,
NY, USA) was used for statistical analysis. Continuous de-
scriptive data was represented by mean and standard devia-
tion, while categorical descriptive data was represented by
frequency and percentages. A repeated measure two-way
ANOVA (group x time) was conducted to examine the ef-
fects and interaction of within and between control group
(Group A), respiratory muscle training (Group B) and respi-
ratory muscle training combined with individualized train-
ing (Group C) during the four weeks of intervention. For
repeated measure tests, the Shapiro-Wilk test revealed that
normality was not violated, and Mauchly’s test revealed that
the assumptions of sphericity were not violated. The a level
was set at 0.05.

Results

Forty-three collegiate swimmers were recruited in the
current. The baseline demographic characteristic of the sub-
jects was shown accordingly in Table 1.

The differences of usual training were evaluated pre and
post 4 weeks intervention among fourteen swimmers. The
predicted FVC value (%), FEV1, FEV (%) showed a signifi-
cant improvement (p < 0.05) following 4 weeks training as
shown in Table 2.

The differences of respiratory muscle training were evalu-
ated pre and post 4 weeks intervention among fourteen swim-
mers. The FVC value, predicted FVC value (%), FEV1, FEV
(%) and predicted MVV showed a significant improvement
(p < 0.05) following 4 weeks training as shown in Table 3.

The differences of respiratory muscle and individualized
training were evaluated pre and post 4 weeks intervention
among fourteen swimmers. The FVC value, predicted FVC
value (%), FEV1, FEV (%) and predicted MVV showed a
significant improvement (p < 0.05) following 4 weeks train-
ing as shown in Table 4.

A repeated measure two-way ANOVA (group x time)
was conducted to examine the effects and interaction of
control group, respiratory muscle training and respiratory
muscle training combined with individualized training. The
Shapiro-Wilk test indicated that normality was not violated
and Mauchly’s test showed that the assumptions of sphericity
was not violated for repeated measure tests.

In the FVC [L] value, no significant differences between
groups F,,6 = 1.307, p = 0.288, small effect size. There is a
significant difference in improvement of four weeks of in-
tervention of the training, F 3 = 179.09, p = 0.000, large

Table 1. Baseline characteristics of the participants

. Group A Group B _
Variables (n=14) (n=14) Group C (n=15)

Gender (n/%)
Male 8 (57.14) 7 (50.0) 7 (46.67)
Female 6 (42.86) 7 (50.0) 8 (53.33)
Age 19.50 £ 1.092 19.50 + 1.225 19.60 £ 1.121
Time  taken for 5 ), (40 3544035  3.66+030
100m distance
Max HR 166.93 +9.19 165.29 + 14.24 161.00 + 12.49
BMI 1490 +4.00 13.56 +3.03 22.18 £1.49

All the data presented in mean + standard deviation except
gender presented in frequencies (percentage), HR - Heart
rate

Table 2. Comparison before and after four weeks of usual training protocol (Group A)

. Pre-training Post-training Mean 95% CI for the Mean
Vel (Mean + SD) (Mean + SD) differences (Lower to Upper) LG Pl
FVC 4.22 +0.27 4.25 +0.26 0.002 -0.045 to 0.000 2.132 (13) 0.053
FVC Predicted (%) 82.40 £1.95 82.85 +2.27 0.045 -0.889 to -0.001 2.168 (13) 0.049
FEV1 (L) 345 £0.23 3.47 £0.23 0.022 -0.004 to -0.008 3.429 (13) 0.004
FEV1 (%) 84.09 +3.00 84.64 +2.95 0.561 -0.903 to -0.218 3.537 (13) 0.004
FEV1/FVC Ratio
+ + -

Predicted (%) 81.82 +3.24 81.93 +3.05 0.106 0.586 to 0.375 0.475 (13) 0.643
MVYV Predicted (%) 80.14 £2.03 81.14 +2.69 1.000 -2.109 t0 0.109 1.947 (13) 0.073

Forced Vital Capacity (FVC), Forced Expiratory Volume In 1 S (FEV1), Forced Expiratory Volume In 1s (FEV1), and Maximum

Voluntary Ventilation (MVV)
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Table 3. Comparison before and after four weeks of respiratory muscle training group (Group B)

Pre-training Post-training Mean 95% CI for the Mean t (df) P value
Variables (Mean * SD) (Mean + SD) differences (Lower to Upper)

FVC 423+0.24 4.44 + 0.28 0.211 -0.026 to -0.166 10.034 (13) 0.000
FVC Predicted (%) 82.72 £2.27 86.82 +£2.51 4.103 -4.920 to -3.286 10.854 (13) 0.000
FEV1 (L) 3.36 £0.16 3.90 £0.22 0.543 -0.227 to -0.132 8.112 (13) 0.000
FEV1 (%) 86.14 + 1.38 90.75 + 2.20 4.611 -5.857 to -3.365 7.995 (13) 0.000
FEVI/EVC Ratio 79.49 £ 2.67 79.820 + 3.74 0.325 -1.507 to 0.856 0.595(13)  0.562
Predicted (%)

MVV Predicted (%) 80.00 £+ 1.96 93.43 £ 5.32 13.429 -16.245 to -10.612 10.299 (13) 0.000

Forced Vital Capacity (FVC), Forced Expiratory Volume In 1 S (FEV1), Forced Expiratory Volume In 1s (FEV1), and Maximum

Voluntary Ventilation (MVV)

Table 4. Comparison before and after four weeks of respiratory muscle training group (Group B)

. Pre-training Post-training Mean 95% CI for the Mean

Ve (Mean + SD) (Mean * SD) differences (Lower to Upper) ety PUEliic
FVC 4.22 +£0.256 4.25+0.252 0.024 -0.045 to -0.003 2.437 (14) 0.029
FVC Predicted (%) 82.42 +1.88 82.90 +2.19 0.481 -0.898 to -0.064 2.472 (14) 0.027
FEV1 (L) 344 +0.23 347 +£0.22 0.024 -0.038 to -0.010 3.804 (14) 0.002
FEV1 (%) 83.80 +3.11 84.39 + 3.01 0.587 0.910 to -0.266 3.917 (14) 0.002
FEV1/FVC Ratio
Predicted (%) 81.59 +3.26 81.69 + 3.09 0.099 -0.544 to 0.344 0.483 (14) 0.637
MVV Predicted (%) 82.27+£2.99 101.20 + 3.91 18.933 -20.588 to -17.279 24.547 (14) 0.000

Forced Vital Capacity (FVC), Forced Expiratory Volume In 1 S (FEV1), Forced Expiratory Volume In 1s (FEV1), and Maximum

Voluntary Ventilation (MVV)

effect size. Besides, the interaction of the group x time also
showed significant differences with F, ;) = 45.163, p = 0.000,
large effect size.

The FVC [L] predicted (%) showed significant changes
between groups, F,,5)=3.871, p <0.05,large effect size; within
the groups over the four weeks intervention, F, ;5 = 216.55,
p = 0.000, large effect size; and a significant difference in the
interaction between group x time, F(,, = 47.97, p = 0.000,
large effect size.

The FEV1 (L) showed significant changes between
groups, F, 5, = 14.093, p =0.000, large effect size. Significant
differences were also seen within the groups over the four
weeks intervention, F, ;) = 383.48, p = 0.000, large effect
size; and a significant difference in the interaction between
group x time, F, 5 = 171.34, p = 0.000, large effect size.

Whereas in the FEV1 [L] (%), all the interaction showed
a significant difference between the groups, F,,, = 2303.72,
p =0.000, large effect size, within the groups, F, ;3 = 6871.93,
p =0.000, large effect size and between group x time,
Fp26 = 6685.49, p = 0.000, large effect size.

The FEV1/FVC [L] ratio showed significant differ-
ence between the groups, F(,,, = 5.114, p < 0.05, large ef-
fect size were seen. The improvement over four weeks also
showed a significant difference with F, ;3 = 23.329, p < 0.05,
large effect size and the interaction between group x time,
Fi26 = 16.616, p <0.05, large effect size.

The final variables, MVV [L] Predicted (%) also showed
a significant difference in the analysis. There was a significant

difference between the groups, F, ,¢) = 74.618, p =0.000, large
effect size. Significant differences were also reported within
the group over the four weeks of intervention, F, 3 = 360.85,
p = 0.000, large effect size and the interaction between group
x time, F(, 5 = 103.99, p = 0.000, large effect size.

Discussion

The purpose of the study was to examine the effect of
individualized training and respiratory muscle training on
pulmonary function among forty-three healthy collegiate
swimmers.

The comparison within the group in RMT and RMT +
IT demonstrated a significant improvement over the four
weeks intervention in the FVC value, predicted FVC value
(%), FEV1, FEV (%) and predicted MVV except the FEV1/
FVC predicted ratio % in the current study. The current
study’s findings are consistent with previous studies that
found RMT to have a positive impact on swimmers’ perfor-
mance (Vasickova et al., 2017; Kilding et al., 2010; Wylegala
et al., 2007). Under normocapnic hyperpnoea conditions,
(RMT) is proven to improve respiratory muscle strength
and enhance pulmonary function (Szczepan et al., 2020).
Researchers found that RMT has a number of positive physi-
ological adaptations, including diaphragm hypertrophy and
increased nitric oxide concentration in airways, as well as a
change in muscle fibre contraction efficiency, advancement
in nervous control and economy of respiratory muscle work
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and reduced dyspnoea, as well as enhanced pulmonary func-
tion that led to decreased ratings of perceived breathless-
ness or exertion (Szczepan et al., 2020; Held and Pendergast,
2014; Ren-Jay Shei, 2018; Wylegala et al., 2007).

Despite the improvement within the RMT groups, the
analysis between the groups (group x time), RMT + IT
showed significant differences in comparison to RMT and
usual training over the four weeks of intervention. Our re-
sults were supported by previous research that stated that
athletes frequently train excessively hard during recovery
sessions, impairing their ability to achieve the desired inten-
sity during more challenging training sessions (Wallace et
al., 2008). By adopting an individualized training approach,
coaches perhaps would be able to measure the intensity of
each training session using the RPE approach, enabling in-
creased intensity during high-intensity training and better
recovery periods (Wallace et al., 2008). Furthermore, a com-
parable study on collegiate swimmers found a considerable
improvement with RMT and IT combination approach on
perceived effort, VO2 max, and a sharp increase in the swim-
mers’ performance (Muthusamy et al., 2021).

To our knowledge, there has been no study on the use of
RMT in combination with IT in swimming, despite the fact
that it has been widely employed in other sports. The current
study shown that by combining the RMT and IT methods, the
pulmonary functions (FVC, FEV1, FEV1/FVC, and MVV) of
swimmers may be significantly improved. The current study
has some limitations, including a focus on solely recreational
collegiate swimmers, an emphasis only on pulmonary func-
tions rather than swimming performances or general fitness,
and a short duration of intervention (four weeks). Future
research should be undertaken over a longer period of time
to assess the long-term effects of RMT and IT on swimming
performance and among competitive swimmers.

Conclusions

The current study’s findings demonstrate that when
RMT and IT are combined, the swimmers” performance im-
proves more than when RMT and usual training are used
alone. The findings imply that training instructors can adjust
RMT and IT approaches to their training to meet the specific
demands of swimmers in order to improve development and
performance even among the athletic swimmers.
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BB IHAUBIAYANI3OBAHUX TPEHYBAHb | TPEHYBAHDb AUXAJIbHUX
M’A3IB HA OYHKLIIO NEFTEHb Y MNABLIB-CTYAEHTIB KOJIEAXKY

ilABCD

CiBarypy MyTtycam

, K. Bamacy6pamansn

1ACD
>

Amb6ycam Cy6pamaniam®®“?, Apyn bamacy6pamuasam®®cP

'VuiBepcuter Anaramnma
*YuiBepcutet imMeHi Tynky A6pgyn Paxmana
*ep>xaBHa nikapus otus Ilepispa, Epone

Pedepar. Crartsi: 7 c., 4 Tab1., 1 puc., 28 mxeper.

Mertoro gocnigKeHHsa 0yn0 BUBYEHHSA BIUIMBY iHAuBigyanisoBanux tpenyBanb (IT) i rpenyBanp auxanpaux M g3is (TIM
y y Yy y

Ha QYHKIIiIO JIeTeHD Y IIaBIIiB-CTYAEHTIB KOTEKY.

Marepianu Ta Metomu. [/ y4acTi B JOCTimKeHH] 0y1o Bifibpano 43 ¢isnyHO 3[0pOBKX IUIABIi-CTYAEHTI KOMEIXKY BIKOM
Bifi 18 mo 25 pokiB, sAKki 6ynmu HempodeciiiHMMY MIABLAMYU BiMbHUM CTWIEM i 3aiiMasiCA IIaBaHHAM NPUHAVIMHI TPM [HI Ha
TIDK/JeHb. YYaCHMKIB POSIONIININA Ha TPU Ipymu: «3Buyarini TpenysanHs» (KoHTponbHa rpyma A), «TpeHyBaHHS [UXalbHUX
M’s3iB» (EkcriepuMeHnTabHa rpyna B) Ta «KombiHalis TpeHyBaHb AMXaNTbHUX M A3iB Ta iHAMBifyamisoBaHNX TpeHyBaHb» (Ekc-
nepumMenTanbHa rpyma C). Iy oLiHky BifMiHHOCTeI! Y TpyIax i Mk rpymnamu (dac X rpyIa) mic/is 3aBeplieHHs YOTUPUTIDKHEBOI
iHTepBeHIIil BUKOPUCTOBYBaIN BO(AKTOPHUI JUCHEPCIITHUIT aHa/Ti3 TOBTOPHUX BUMipIOBAHb.
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Pesynbratu. O6upBi exciepuMenTanpHi rpymu (rpynu B Ta C) mokasanu cTaTUCTIYHO 3HAUYILIE HOKPAIleHHs TOKa3HUKIB
y unx rpynax. Topi sk y mbkrpynosomy nopisasanHi rpyna C (TIIM ra IT) nokasana BemndesHe MOKpalljeHHs TOKa3HUKIB 3i cTa-
TUCTUYHO 3HAYYIIVMIY PiSHULAMU 3HaueHHsI popcoBaHOl >KUTTEBOI eMHOCTI erenb PIKEJ], mporaozosaHoro 3HadeHHss PIKET]
(BimcoToK), 3HaUeHH: 00’eMy (opcoBaHOro Buauxy 3a nepury cekynny O®BI, snadenus OPB (BifcoTok) i mporHo3oBaHOro
3HAYEHHS MAaKCHMAJIbHOI 10BinbHOI BeHTW ALl MJIB, 32 BUHATKOM IPOrHO30BAHOTO 3HAYEHHSA BiJCOTKOBOTO CHiBBi/JHOIIEHHSA
OOB1/DKEL

BucnoBkn. Y pasi kom6iHoBaHOro Bukopucrants TIM ra IT nmokasHuku miaBLiB HigBUITYIOTbCA 6inpiIe, HiX y pasi
oxpemoro Bukopyuctanaa TJIM Ta 3Bu4aiiHux TpeHyBaHb. Ofjep>KaHi pe3y/lIbTaTy 03HA4A0Th, 110 TPEHepU MOXKYTb afJallTyBaTH
mertopu TIIM rta IT BifmoBifHO [0 iHAMBIfyaIbHMX BUMOT IUIABIIiB i3 METOIO TOKPAIleHHA IIOKa3HUKIB MPOodeciiiHOro po3BUTKY
Ta IPOJYKTUBHOCTI, 0co6mMBO cepefi CIOPTCMEHiB-TIaBIIiB.

KrouoBsi cnoBa: iHuBifyanisoBani TpeHyBaHHA, TPEHYBaHHA JMXaNTbHUX M A3iB, QYHKIIiA JIereHb, IIaBIi-CTYIEHTH KOJIe-
JKY, TIOKa3HMKN B IJITABAHHI.
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Abstract

Study purpose. This study aimed to determine: (1) the difference in the effect of plyometric ladder drill and hurdle
drill exercises on agility and VO,max, (2) the difference in the effect of badminton athletes” high and low leg muscle
endurance on agility and VO, max, (3) interaction between plyometric ladder drill and hurdle drill exercises with
high and low leg muscle endurance on agility and VO,max.

Materials and methods. This research was an experimental study with a 2x2 factorial design. The study sample was
badminton athletes, totaling 24 people who were randomly selected from a population of 45 people. The instrument
to measure agility was the T Drill Test, and that to measure VO,max was the Multistage Fitness Test (MFT). The data
analysis technique used was the two-way ANOVA at a significance level of 0.05.

Results. The study findings are as follows: (1) there is a significant difference in the effect of ladder drill and hurdle
drill exercises on the agility of badminton athletes, whereas ladder drill and hurdle drill exercises have an equally
good effect on increasing VO,max; (2) there is a significant difference in effect of badminton athletes’” high and low

leg muscle endurance on agility and VO,max; (3) there is a significant interaction between ladder drill and hurdle
drill exercises and high and low leg muscle endurance on agility, whereas both exercises are equally well used to

provide VO,max improvement.

Conclusions. Based on the results of the study and the results of the data analysis that was carried out, it was
concluded that there is a significant difference in the effect of plyometric ladder drill and hurdle drill exercises on the

agility of badminton athletes.

Keywords: ladder drill, hurdle drill, agility, VO,max, badminton.

Introduction

Badminton is a well-known sport all over the world.
According to expert opinion, badminton is the most widely
practiced sport in the world (Abidn, Bravo, & Abian, 2021).
In badminton, physical condition is very important. Ac-
cording to the findings of the literature review, badminton
requires a combination of technique and physical fitness
(Bozdogan & Kizilet, 2017). Flexibility, strength, coordina-
tion, power, endurance, and agility are the most important

© Nugroho, S., Hidayat, R.A., Komari, A., Pratama, K.W,,
Karakauki, M., & Ali, S.K.S., 2022.

o [ Coroper

&

g TMOB
@@ o

é
=

=]

physical components in badminton (Nugroho et al., 2021).
According to a review of several literatures, the purpose of
training is to develop team and individual competence, as
well as to achieve peak performance (Yudhistira et al., 2021).
According to the preceding viewpoint, the preparation of an
exercise program has become the responsibility of a coach;
additionally, the exercises prepared by the coach are in ac-
cordance with the characteristics of motion in badminton
(Sukendro et al. 2021). According to the findings of the lit-
erature review, there are actions with a relatively short and
fast duration of about 10 seconds, followed by short breaks
of about 25 seconds and a duration of 40 minutes in bad-
minton matches (Ozmen & Aydogmus, 2017). Researchers
discovered that badminton athletes’ movements were com-
prehensive, in the sense that they were complex; logically,
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when the athlete lacked agility, the movements carried out
could not change direction quickly. Furthermore, when ac-
tion movements are performed for an extended period of
time, athletes require not only agility, but also aerobic and
anaerobic endurance (Nasrulloh et al., 2021).

Endurance has evolved into a necessary physical com-
ponent for badminton (Ilham et al., 2021). To become a
national level badminton player, the average VO,max re-
quired is a minimum of 55 ml/minute/body weight for male
athletes and 50 ml/minute/body weight for female athletes,
but the field says otherwise (Lu et al., 2022). This was clearly
seen when researchers observed badminton athletes based
on the needs analysis with the test of badminton athletes
aged 17-18 years still not entering the criteria, namely the
acquisition of a VO,max value of 40.80-47.80ml/minute/
body weight for male badminton athletes (Saifu et al., 2021).
Consecutive smashes cause excessive fatigue, which affects
technique and concentration (Listyarini et al., 2021). Ex-
perts agree that endurance plays a significant role in winning
matches (Ramirez-delaCruz, et al., 2022).

There are numerous training methods to develop aerobic
agility and endurance, but developing a good training pro-
gram can be difficult (Hastuti et al., 2021). It can be seen in
the setting of training doses, training targets in one session,
intervals, recovery, individuality principles and the principle
of progressive overload which are not appropriate when the
researchers made observations with 13 trainers through a
questionnaire with questions related to setting exercise doses,
including: intensity settings according to the target of endur-
ance training, the trainer answered 66.7% no, 33.3% yes. The
intensity setting according to the agility training target of the
trainer answered 83.3% yes, 16.7% no. Setting intervals in the
application of physical exercise, the trainer answered 77.8%
yes, 22.2 no. Recovery settings in the application of physical
exercise, the trainer answered 66.7% yes, 33.3% no. Agility
is needed in badminton to perform various movements, the
coach answered 77.8% yes, 22.2 no. Endurance plays an im-
portant role when badminton players make fast movements
but for a long duration the coach answered 66.7% yes, 33.3%
no. Ladder drill and hurdle drill are means to help improve
the physical condition of agility. The trainer answered 61.1%
yes, 38.9 no. Plyometrics is an ideal method to improve the
physical condition of badminton. The trainers answered
77.8% yes, 22.2% no.

Based on the needs analysis, it can be explained that
there are problems regarding the setting of the exercise dose,
as well as the exercise method. This study is reinforced by
previous research that a good exercise is one that follows
guidelines such as the principle of loading, individuality and
level of regularity (Gronwald et al., 2020). The study ex-
plains that the exercise setting or exercise dose is similar to a
drug dose when someone consumes it, because the exercise
dose here plays an important role in improving an athlete’s
physique (Gasim, Cengizel, & Giinay, 2022). This empirical
evidence can already be the basis of the problem which is im-
mediately given a solution. As a result, it is necessary to find
a solution to increase agility and endurance, one of which is
to provide plyometric training methods. Plyometric exercis-
es are distinguished by a muscle lengthening process that is
quickly followed by a muscle shortening process, also known
as the stretch shortening cycle (SSC) (Fernandez-Fernandez
et al,, 2022). The lengthening and shortening cycle signifi-

cantly improves the tendons’ and muscles’ ability to generate
maximum strength in the shortest amount of time.

The ladder drill and hurdle drill are two of the most
commonly used tools and equipment for practicing plyo-
metrics. Ladder drills and hurdle drills are training tools that
can be used in gyms to improve the physical components
of badminton players. The rationale for selecting the ladder
drill and hurdle drill as a means of improving physical com-
ponents in badminton is that the ladder and hurdle can be
varied with various training models, the hurdle is jumping,
when the athlete jumps quickly with almost no jump pauses,
this falls under the plyometrics category, so the authors as-
sume that ladder drills and hurdles can be used to improve
physical conditions, particularly agility and endurance.

Previous studies defined that ladder drill for 8 weeks
with a frequency of three times was able to increase speed,
agility and quickness in badminton players (Guo et al.,
2021). In addition, training with a combination of speed,
agility, quickness and plyometrics hurdle box jump exercises
for 3 alternative days for 8 weeks with three sets per exercise
and per session 60%-80% with progressive increases showed
a significant increase in physiological variables such as vital
capacity to withstand breath compared to the control group
(Kanagasabai, Manikandan & Lakshmanan, 2018). Further-
more, research on high leg muscle endurance with low leg
muscle endurance for increasing VO,max capacity and the
result is that there is a difference and the better one is the
group that has high leg muscle endurance (Chua et al., 2021).
Based on the literature review that has been explained that
ideally agility and endurance training that is in accordance
with the characteristics of badminton is to use the plyomet-
rics method, therefore researchers will develop a plyometrics
program using ladder drills and using hurdle drills, where
both of these tools are needed to practice agility and accu-
mulation of skills. Exercise can also affect aerobic endurance.

The remainder of this paper is organized as follows. Sec-
tion 2 presents the compound set method and the data analysis
technique, Section 3 presents the results, Section 4 discusses
the results, and finally Section 5 concludes the paper.

Materials and methods

Study participants

The research population was a badminton club in Yog-
yakarta City, amounting to 45 athletes. Research sampling
was based on the simple random sampling technique. The
division of groups was based on a ranking system using a
percentage taken is the high group of 27% and the low group
27% (Wartika et al., 2014). Based on this result, 24 samples
were found, then this stage would be separated or divided
by match subject ordinal pairing (MSOP) which is divided
into 4 high and low groups with 1 group containing 6 ath-
letes who are given ladder drill and hurdle drill exercises.

Study organization

This research method was an experimental method with
a 2x2 factorial design. An instrument for measuring leg
muscle endurance or often referred to as dynamic strength
was a squat jump. Procedure: (a) ready stance, stood with
legs slightly wide, (b) bent your knees and lower your but-
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tocks, then jumped up, continued the movement as in the
beginning, did it for 30 seconds, then took the record for the
test results. Aerobic endurance test used a multistage fitness
test (MFT), the procedure was as follows: (a) the test size was
20 meters with a cone marked, (b) the athlete placed 1 foot
above the 20 meter marking line from each turn and test,
(c) waited for the sound “beep” then continued, before the
signal and the sound “beep” the athlete was not allowed to
perform, (d) the athlete ran as long as possible, if the ath-
lete failed 2 times or was late to the marking line then the
athlete must stop and finished the test, (e) note the level
and amount. While the agility test used the T drill test. The
test procedure was as follows: (a) ran to the center cone, (b)
stepped to the left 5 meters, (c) then stepped to the right side
10 meters, (d) stepped left side 5 meters to the middle (e)
then ran 10 meters back (f) took the records for the time.

The half squat jump test instrument was adopted from
the research of Nursalam & Aziz (2020) so that the test in-
strument was valid and reliable, while the VO,max test and
t-test were adopted from Mackenzie’s book (2005) “Perfor-
mance Evaluation Test”, so that the test was standard and
of course it was valid and reliable. Validity and Reliability
T-Test (agility) with a significance level of (a = 0.05) ob-
tained a validity value of 0.795, while the reliability value
of 0.692. The validity and reliability of the Multi Stage Fit-
ness (endurance) test with a significance level of (a= 0.05)
obtained a validity value of 0.744, while the reliability value
was 0.697. The validity and reliability of the Squad jump test
with a significance level of (a= 0.05) obtained a validity value
of 0.97, while the reliability value was 0.98.

Statistical analysis

Data analysis technique using prerequisite test includes
normality test and homogeneity test, then after the data
could be said to be normal and homogeneous proceeded to
the next stage or hypothesis testing. The hypothesis test was

Table 1. Description for Agility Test and VO,max

atwo-way ANOVA. Hypothesis testing was assisted by using
statistical product and service solutions with a significant
level of =0.05(5%).

Results

The results of plyometric exercises with ladder drills and
hurdle drills on agility and VO,max in terms of high and low
leg muscle endurance in badminton athletes are described
in table 1.

Based on the data in table 1, the Pre-test and Post-test
of Agility and VO,max in terms of leg muscle endurance in
badminton athletes can be presented in the figure 1.

This normality test uses the Kolmogrov-Simirnov analy-
sis technique and the calculation of the normality test using
SPSS 25 software. The data is said to be normally distributed
if Sig > 0.05. The results of the normality test show that all re-
search variables have a significance value greater than 0.05, so
it can be concluded that all variables are normally distributed.
The results of the homogeneity test in the study were carried
out using the SPSS 25 application. Based on the statistical
analysis of the homogeneity test, the pretest group obtained a
significance value of >0.05, so this means that the data group
has a homogeneous variance. Likewise, the results of the cal-
culation on the posttest obtained a significance value of > 0.05,
this means that the data group has a homogeneous variance.

The research hypothesis was tested based on the re-
sults of data analysis and the interpretation of the two-way
ANOVA analysis. Based on the processed research data, the
results of hypothesis testing are as follows:

Agility
The first hypothesis tested in this study was that “there
is a significant difference in the effect of plyometric ladder

drill and hurdle drill exercises on the agility of badminton
athletes”. The results of the analysis are described in table 2.

Agility Test
Plyometric Exercise Treatment Level of leg muscle Statistics Pre-test Post-test Improvement
endurance
High Average 12.28 12.13 0.15
(A1B1) SD 0.64828 0.56709 0.08115
Ladder Drill
adder Bt Low Average 12.10 10.70 1.4
(A1B2) SD 0.50725 0.66211 -0,15486
High Average 12.40 10.68 1.72
. (A2B1) SD 0.46911 0.20926 0.25985
Hurdle Drill Low Average 12.17 11.05 1.12
(A2B2) SD 0.56793 0.57424 -0.00631
VO,max Test
P!yometrlc L @il e (e Statistics Pre-test Post-test Improvement
Exercise Treatment endurance
High Average 41.32 49.12 7.8
. (A1B1) SD 1.45522 1.67412 0.2189
L Drill
adder Dri Low Average 40.77 42.85 2.08
(A1B2) SD 2.95138 6.54973 3.59835
High Average 42.47 49.18 6.71
. (A2B1) SD 1.68008 2.16002 0,47994
Hurdle Drill
e n Low Average 42.42 4523 2.81
(A2B2) SD 2.75566 2.30362 -0.45204
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Improvement of Agility

4 1B1 A2B2 AIB2 A2B2
2 Pree- 22 I 120 DI 2+ B 2.7
0 PostTest 1213 107 1068 1105

Improvement of VO:Max

1 b T, WS 127 B 0 W 112

ree- . ; X
" Post-Test 49,12 49,18 4285 4523

Fig. 1. Average Score of Pre-test dan Post-test in the Agility and VO,max Improvement Based
on the Ladder Drill dan Hurdle Drill

Table 2. ANOVA Result for the Difference of Plyometric
Exercise with Ladder drill dan Hurdle drill on the agility

Mean
Square

2.051

Type III Sum Of
Squares

2.051 1

Source Sig

Training Method 6.966 0.016

From the results of the ANOVA test, it can be seen that
the significance value of p is 0.016 and the F value is 6.966.
Since the significance value of p is 0.016 < 0.05, thus there is
a significant difference in the effect of ladder drill plyometric
exercises and hurdle drills on the agility of badminton ath-
letes. This means that the research hypothesis is proven that
there is a significant difference in the effect of plyometric
ladder drill and hurdle drill exercises on the agility of bad-
minton athletes.

The second hypothesis tested in this study was that
“there is a difference in the effect between badminton ath-
letes who have high and low leg muscle endurance on agil-
ity”. The results of the study can be seen in the table 3.

Table 3. Results of ANOVA for the Difference of Athletes
Having High and Low Leg Muscle Endurance on the Agility

Type III Sum Of Mean

Source Squares Square e
Leg Muscle 1912 1 1912 6493 0019
Endurance

From the results of the ANOVA test in table 3, it can be
seen that the significance value of p is 0.019 and the F value
is 6.493. Since the significance value of p is 0.019 < 0.05, thus
there is a significant difference in the effect of badminton
athletes who have high and low leg muscle endurance on
agility. This means that the research hypothesis proves that
there is a difference in the effect of badminton athletes who
have high and low leg muscle endurance on agility.

The third hypothesis tested in this study was that “there
is an interaction between ladder dill and hurdle dill plyomet-
ric exercises and leg muscle endurance (high and low) on the
agility of badminton athletes” The calculation results can be
seen in the table 4.

Table 4. Result of ANOVA for the Interaction of Plyometric
Exercise with Ladder Drill and Hurdle Drill and Leg
Muscle Endurance on the Agility of Badminton Athletes

Source Type III Sum Of Mean sig
Squares Square
Training Method *
Leg Muscle 4.062 1 4.062 13.795 0.001
Endurance

From the results of the ANOVA test in table 4, it can be
seen that the significance value of p is at 0.001 and the F value
is at 13.795. Since the significance value of p is 0.001 < 0.05,
so based on this it means that the hypothesis is proven that
there is an interaction between plyometric exercises (ladder
dill and hurdle dill) and leg muscle endurance (high and
low) on the agility of badminton athletes. After testing the
third hypothesis, there is an interaction between plyometric
exercises (ladder dill and hurdle dill) and leg muscle endur-
ance (high and low) on the agility of badminton athletes, it
is necessary to carry out further tests using the Turkey test.
Further test results can be seen in the table 5.

Tabel 5. Ringkasan Uji Post Hoc

Group Interaction Dili\f/[eertrlllce Std, Error Sig.
A1B2 1.4300* 0.31531 0.001
Al1B1 A2B1 1.4583% 0.31531 0.001
A2B2 1.0883* 0.31531 0.013
A1B1 -1.4300* 0.31531 0.001
Al1B2 A2B1 0.0283 0.31531 1.000
A2B2 -0.3417 0.31531 0.703
Al1B1 -1.4583* 0.31531 0.001
A2B1 Al1B2 0.0283 0.31531 1.000
A2B2 -0.3700 0.31531 0.650
A1B1 -1.0883* 0.31531 0.013
A2B2 Al1B2 0.3417 0.31531 0.703
A2B1 0.3700 0.31531 0.650

Based on table 5 the results of the Turkey test calculation
on the asterisk sign (*) show that the pairs that have interac-
tions or pairs that are significantly different are: (1) A1B2-
AlBl1, (2) A2B1-A1Bl, (3) A2B2 -A1B1, while the other
pairs stated that there was no difference in effect were: (1)
A1B2-A2B1,(2) A1B2-A2B2, (3) A2B1-A2B2. The following
is a group of pairs of pairs that have interactions:

The group that was trained plyometrically with ladder
drill and had lower leg muscle endurance was better than
those trained plyometrically with the ladder drill method
and had high leg muscle endurance on agility, with p < 0.05.

The plyometric group trained with the hurdle drill meth-
od and had high leg muscle endurance was better than the
group trained with the leader drill plyometric method and had
high leg muscle endurance for agility, with a p value of < 0.05.

The group that was trained with the hurdle drill method
and had lower leg muscle endurance was better than the
group trained with the ladder drill method and had high leg
muscle endurance for agility, with a p value of < 0.05.
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VO,max

The hypothesis tested in this study was that “there is
a significant difference in the effect of plyometric exercis-
es with ladder drills and hurdle drills on the VO,max of
badminton athletes”. Results of the analysis are described in
table 6.
Table 6. Results of ANOVA on the Difference of Ladder
Drill and Hurdle Drill Effects on VO,max

Source Type III Sum Of Mean Sig
Squares Square
Training Method 0.920 1 0920 0.210 0.652

From the results of the ANOVA test in table 6, it can be
seen that the significance value of p is at 0.652 and the F val-
ueis at 0.210. Since the significance value of p is 0.652 < 0.05,
it can be concluded that there is no difference between the
drill and hurdle drill training methods on VO,max, mean-
ing that the ladder drill training method has the same effect
as the hurdle drill training method on VO,max and ladder
training methods. drill and hurdle drill have the same effect
on VO,max in badminton athletes.

The next hypothesis that was tested was that “there is
a difference in the effect between badminton athletes who
have high and low leg muscle endurance on VO,max”. The
results of the study can be seen in the table 7.

Table 7. Results of ANOVA on the Difference of Effect of
Athletes Having High and Low Leg Muscle Endurance on
VO,max

S Type III Sum Of Mean Sig
Squares Square
Leg Muscle 75.260 1 75260 17.165 0.001
Endurance

From the results of the ANOVA test, it can be seen that
the significance value of p is at 0.001 and the F value is at
17.165. Since the significance value of p is 0.001 < 0.05, it can
be concluded that there is a significant difference in the ef-
fect of badminton athletes who have high and low leg muscle
endurance on VO,max. Based on the results of the analysis,
it turns out that high leg muscle endurance has a better effect
than low leg muscle endurance on VO,max in badminton
athletes. This means that the research hypothesis proves that
there is a difference in the effect of badminton athletes who
have high and low leg muscle endurance on VO, max.

The last hypothesis tested in this study was that “there
is an interaction between plyometric ladder drill and hurdle
drill exercises and leg muscle endurance (High and Low) on
the VO,max of Badminton Athletes”. The calculation results
can be seen in the table 8.

Table 8. Results of ANOVA Tes ton the Interaction between
Plyometric Ladder Drill and Hurdle Drill and Leg Muscle
Endurance on VO,max of the Badminton Athletes

Source Type III Sum Of Mean sig
Squares Square
Training Method*
Leg Muscle 1.000 1 1.000  0.228 0.638
Endurance

From the results of the ANOVA test in the table above,
it can be seen that the significance value of p is 0.638 and the
F value is 0.228. Since the significance value of p is 0.638 >
0.05, it can be concluded that there is no interaction between
the plyometric ladder drill and hurdle drill training methods
with muscle endurance on badminton athletes’ VO,max.

Discussion

Based on the hypothesis testing, it is known that the lad-
der drill and hurdle drill exercises have a significant differ-
ent effect on the agility of badminton athletes, accepted. This
means that the hurdle drill and ladder drill training methods
have a significant difference in influence on the agility of bad-
minton athletes. Ladder drill and hurdle drill are forms of ply-
ometric exercise. Plyometric exercises can improve agility in
athletes (Kayantas & Soyler, 2020; Padrén-Cabo et al., 2021).

Plyometrics is a type of physical exercise that emphasizes
the formation of lower body power (Moran et al., 2021; Nas-
rulloh et al., 2022; Pratama et al., 2022). This type of exercise
is effective when practiced in sports that require foot sup-
port (Almeida et al,, 2021; Chen et al., 2017; Nopembri et
al., 2022). Most researchers and practitioners have the same
view that plyometric training is one approach in every field of
sport that is often used by athletes, especially those who have
Short-Shortening Cycle (SSC) (Shamshuddin et al., 2020;
Adji et al,, 2022; Sutapa et al., 2021). Previous studies have
shown that plyometric training in every sport can improve
athlete performance (Ramirez-Campillo et al., 2021; Jufria-
nis et al., 2021). The selection of hurdle drill and ladder drill
exercises was carried out based on the relevance of previous
research which stated that there was an increase in agility
in athletes who were given hurdle drill exercises (Ramirez-
Campillo et al., 2021). This is in line with this study that
based on data analysis on the calculation of the average value
of the hurdle drill exercise is higher (good) compared to the
ladder drill exercise on the agility of badminton athletes.

Ladder drill and hurdle drill exercises did not have a
significant difference in the VO,max of badminton athletes.
Based on the results of the research data analysis, it is stated
that the average calculation for ladder drill exercises is 45.98
and hurdle drill is 47.20 for the increase in VO,max with a dif-
ference of 1.22. Because the results of the difference between
the ladder drill and the hurdle drill are small, it means that the
two exercises have the same effect on increasing the VO,max
capacity of badminton athletes. In this study, there was no sig-
nificant difference between the two groups of ladder drill and
hurdle drill exercises because both exercises were aimed at
increasing the VO,max of badminton athletes. The factor that
distinguishes these two training methods is the stage of imple-
mentation. So, to train to increase VO,max, you can choose
these two training methods, on the basis of research that these
two methods have the same effect on increasing VO,max.

The results of the analysis show that badminton athletes
who have high leg muscles are better than badminton ath-
letes who have low leg muscles on agility and VO,max. It is
relevant to previous research that athletes who have high leg
muscle endurance will have excellent agility and VO,max
capacity compared to athletes who have low leg muscle en-
durance, so their physical condition of agility and VO,max
is sufficient (Raymundo et al., 2018).

One of the important elements of physical fitness is endur-
ance or leg muscle endurance (Junker & Stoggl, 2019). There-

S75



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 22, Num. 3 Supplement

fore, badminton requires a physical component of agility and
an increase in VO,max (Cinthuja et al., 2015). Athletes who
have good endurance, the athlete’s performance will remain op-
timal from time to time leading to long-term fatigue (Handaru
et al, 2020). Physical endurance produces physiological and
biochemical changes in muscles, so that endurance generally
manifests through muscle endurance (Wee et al., 2016).

Conclusions

Based on the results of the research and the results of
data analysis that has been carried out, it is concluded that
there is a significant difference in the effect of plyometric lad-
der drill and hurdle drill exercises on the agility of badmin-
ton athletes. In addition, there is a significant difference be-
tween badminton athletes who have high and low leg muscle
endurance on agility and VO,max and there is a significant
interaction between the ladder drill and hurdle drill training
methods on agility and there is no significant interaction
between ladder drill and hurdle drill exercises on VO,max.
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Mera gocnimkeHHs1. MeTo 1[bOro ZoCmifKeHHs 6y1o BusHadeHHst: (1) BifMiHHOCTI BIUIMBY IUTIOMETPUYHIX BIIPAB i3 KOOP-
IVHALIHO APpabMHOI0 Ta 3 KOOPAVHALIHIMY 6ap’€paMi Ha MOKA3HUKY CIIPUTHOCTI Ta MAKCUMA/IbHOTO CIIOKVMBAHHS KUCHIO
(MCK), (2) BigminHOCTi BIIMBY BUCOKVX i HU3BKMX IIOKa3HMKIB MiITHOCTi M’sI31B Hir CIIOpTCMeHiB-6aiMiHTOHICTIB Ha IOKA3HM-
ku cuputHocTi Ta MCK, (3) B3a€MHOro BIUIMBY IUTIOMETPUYHNX BIIPAB i3 KOOPAMHALIIHOW APabMHOI0 Ta 3 KOOPAMHALITHUMM
6ap’epamul 3a BUCOKMX | HM3bKIX [TOKA3HNUKIB MII{HOCTI M 5I31B Hir Ha moKasHuKM cuputHocTi Ta MCK.

Marepianu ta Mmetogu. Lle nocifxeHHs 0y/10 eKCIIePUMEHTAIbHIM JOCTIIXKEHHAM i3 PaKTOpHUM ITaHOM 2x2. JJocmimky-
BaHOIO BMOIPKOIO OY/IM CopTCMeHM-0aiMIHTOHICTH 3ara/IbHOIO KITbKICTIO 24 0c06M, BUIIaKOBMM YMHOM BifiOpaHi 3 reHeparib-
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BUIXi/JHE ITOJIOXKEHHS1), /Ls1 BUMiproBaHHs mokasHuKiB MCK BrukopucrtoByBamm tect «HoBHMKOBuiI 6ir Ha 20 MeTpiB». [l1s1 aHami3y
IaHVX BUKOPUCTOBYBAIM METOJ, IBO(GAKTOPHOTO AUCIEPCITHOTO aHai3y 3a piBHA 3HauymocTi 0,05.

Pesynbraru. Pesynbratu gocnipkeHHsa HacTynHi: (1) icHye cTaTMCTIYHO 3HAYyIIa BifMiHHICTb BIVIMBY BIIpaB i3 KoopAuHa-
LiITHOIO IPabUHOI0 Ta 3 KOOPAVMHALIITHUMM 6ap’epaMit Ha OKasHMKM CIIPUTHOCTI CIOPTCMeHiB-6aIMiHTOHICTIB, TpK IIbOMY BIIpa-
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MiHTOHICTiB Ha MokasHuKY cipuTHOCTI Ta MCK; (3) iCHy€ CTaTMCTUYHO 3HAYyLIMII B3AEMHMII BIUIMB BIIPaB i3 KOOPAMHALIIHOIO
IpabMHO0 Ta 3 KOOPAMHALIHNMY 6ap €paMi 32 BICOKUX i HM3bKMX ITOKA3HMKIB MIITHOCTi M’513iB HII' Ha MOKA3HUKY CIIPUTHOCTI,
Y LIbOMY O0K/IBa BU/IM BIIPAB OfHAKOBO FapHO BIUKOPUCTOBYIOT [Isl 3a0esnedeH s miaBnieHHs nokasuukis MCK.
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Abstract

Background. Physical education (PE) has been acknowledged as important by scholars all across the world. As
a result, they have been looking for techniques to improve PE teaching and learning. There are various ways that

may be used to improve PE teaching and learning. The most effective way identified in the research, however, is the
classroom management approach. Furthermore, because the learning atmosphere in the classroom is inappropriate,
PE teachers have been unable to regulate the class and handle students’ discipline problems.

Study purpose. As a result, the goal of this study is to explore the impact of classroom management practices on the

learning environment.

Materials and methods. The Classroom Management Methods questionnaire and the Self-Evaluation of Teaching
Effectiveness in PE questionnaire were used to collect data from 359 instructors in a high school in Indonesia.
Results. The findings demonstrated that preventative and corrective techniques have a considerable impact on the
learning environment. Meanwhile, the supporting approach has no discernible effect on the learning environment.
These findings can help school administrators, such as the principal and PE teacher, choose suitable classroom

management strategies to deal with misconduct.

Conclusions. As a result, improving and sustaining a good learning environment in high schools also supports the
teaching and learning process, hence increasing students’ learning efficiency.
Keywords: classroom management, physical education, learning environment.

Introduction

Physical education (PE) is widely recognized and ac-
cepted across the world. This is due to the abundance of
scientific research demonstrating that PE benefits pupils
(Bevans et al., 2010; Botagariyev et al., 2016; Dyson, 2014).
Recognizing the growing trends in research in this sector,
Indonesia has been actively seeking methods to develop PE
teaching and learning process to be more effective, which in-
cludes arranging classroom atmosphere to positive learning
environment as well as approaches to managing misbehavior
in classroom to enhance the teaching and learning process,
which will increase students’ learning (Beazidou et al., 2013;
Bertills et al., 2018; Wilson, 2018). According to Botagariyev
et al. (2016) classroom management in PE class should not
only focus on placing chairs or tables in the square room, but
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also on avoiding students’ misconduct, helping students on
the correct road, and dealing with difficulties that develop in
the classroom.

Teachers can use a variety of tactics in the classroom to
change and regulate students’ conduct, such as preventative
approaches, which are proactive measures for preventing
students’ unpleasant behavior. According to Larson, et al
(2018), preventative tactics should be used before an issue
arises to prevent the unforeseen problem and foster positive
conduct in the classroom. A teacher who is not prevention-
oriented, on the other hand, will be liable for producing
student disciplinary issues in the classroom (Gareis & Grant,
2014). Furthermore, supporting measures are used to aid
pupils in regaining control and getting back on track.

According to Chacon-Cuberos et al., (2020), supportive
practices in the classroom are significant elements for stu-
dent learning and progress. Furthermore, supporting tactics
are those that assist students in re-energizing the class and
effectively motivating them. Meanwhile, if the instructor did
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not find preventative and supportive methods relevant in
regulating specific behaviors of the students, there are addi-
tional ways such as corrective approaches to fix the students’
behavior. Previous studies revealed that using punishment in
PE class was the most effective correction strategy.

According to Yarmak et al. (2017), punishment should
be used in the classroom to reduce undesirable behaviour.
Similarly, Tekindal et al. (2017) states that punishment can
either increase or lessen kids’ problems in the classroom. As
aresult, either preventative, supporting, or corrective tactics
impact classroom management practices. On the other side,
Rahimi & Karkami (2015) demonstrated that a PE instruc-
tor may fail to manage a classroom because he is unable to
supervise classrooms and students’ discipline conduct.

Recently, academics have drawn attention to the impor-
tance of managing and keeping a positive learning environ-
ment in the classroom since it promotes and maintains a
positive learning environment that assures support for stu-
dents, which leads to dedication to their class. Lopes et al.
(2017) discovered that when students are in an adequate
and safe learning environment, they feel at ease, trustworthy,
and motivated to study. On the other hand, if they encounter
a dangerous atmosphere, such as classrooms with broken
windows and tables and chairs that are falling apart, they
lose interest in the subject (Larson et al., 2018). As a result,
the classroom setting is important in generating a conducive
learning environment.

According to Osborne at al. (2016) classroom organiza-
tion is an important component in the learning environment
since it aids the entire teaching and learning process. This is
consistent with Hannah (2013) claim that if a classroom is
not managed properly, it hinders learning progress or does
not provide a healthy learning environment. Unfortunately,
very few empirical evidences have been discovered that in-
vestigate the influence of classroom management practices
on learning environment among Indonesia high school
teachers. Thus, in order to build successful PE teachers and
enhance the efficiency of students’ learning in Indonesia,
empirical research into the influence of classroom manage-
ment techniques toward learning environment in PE class
is required.

The purpose of this study was to investigate at the class-
room management practices in PE class regarding the learn-
ing environment among high school teachers in Indonesia.
The study will also focus on characteristics of classroom
management techniques in numerous aspects, including
preventative strategies, supporting strategies, and correc-
tive strategies toward learning environment, to have a better
understanding.

Materials and methods

Design

The quantitative research approach is used in this inves-
tigation. In order to meet the aims, the instrument utilized
in this study contains two questionnaires for data collection.

Study participants

To gather data for this study, a questionnaire was ad-
ministered in person. Physical Education instructors were

among those who responded. A total of 359 high school
teachers from Indonesia were chosen to participate in the
data gathering. All of the surveys were completed and re-
turned, yielding a 100% response rate; 96.82 percent of the
questions were complete (347 sets), while 3.18 percent had
some missing data (12 sets). The response rate of the ques-
tionnaire in this study is shown in table 1.

Table 1: Questionnaire response rate

Response Frequency Percentage
Questionnaires were distributed. 359 100
Questionnaires returned 359 100
Questionnaire not returned 0 0
Questionnaires that are incomplete 0 0
Questionnaires that were returned 12 3.18
Questionnaires that were saved 347 96.82
Study organization

McCormark (1997) provided the classroom manage-
ment techniques questionnaire (table 2). Meanwhile, Kyr-
giridis et al. (2014) used the self-evaluation teaching effec-
tiveness in Physical Education (SETEQ-PE) to gather data
in the learning environment (table 3). Both questionnaire re-
plies were graded on a five-point Likert scale: frequently (5),
occasionally (4), infrequently (3), rarely (2), and never (1).

Table 2. Classroom Management Strategies Detail

No Variables Items

Preventive Strategies  Positive relationships
Effective communication
Active listening

Being genuine

1

2

3

4

5 Clear expectations
6 Clear directions

7 Effective movement management
8 Praise and encouragement

9 Communicating understanding

10 Supportive Strategies  Using logical consequences

11 Humors

12 Wittiness

13 Rules

14 Commands and orders
15 Proximity control

16 Desists

17 Corrective Strategies ~ Contracts

18 Detention

19 Timeout/exclusion

20 Parent referrals

(Source: McCormark (1997))
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Table 3. Learning Environment Detail

No Items

Do you individualize your teaching so that each of your

1 . .
students improves emotionally and socially?

Do you individualize your teaching so that each of your

2 students improves kinetically?

3 Do you individualize your teaching so that each of your
students improves cognitively?

4 Is student safety (physical, emotional, social) guaranteed
during your lesson?

5 Do you modify your lesson plan to ensure motivation,

progress, and safety to students?

Source: Kyrgiridis et al (2014)

Statistical analysis

The data collected from those teachers was analyzed
using two types of statistical software: Statistical Package for
Social Sciences (SPSS) version 23 for preliminary data analy-
sis and Partial Least Square-Structural Equation Modeling
(PLS-SEM) version 3 for examining the formation of reflec-
tive measurement model and structural equation model.

Results

In order to evaluate a measurement model there are
four processes to assess namely; examining individual item
reliability, ascertaining internal consistency reliability, ascer-
taining convergent validity, and ascertaining discriminant
validity.

Table 4. Frequency of Respodents

Table 5. Summary of Standardized Loading, Composite
Reliability (CR), and Average Variance Extracted (AVE)

Profile Factors Frequency Percentage

Gender Male 242 67.5%
Female 117 32.5%

Age <25 17 4.7%
26-35 137 38.2%
36-45 164 45.6%
> 46 41 11.5%

Academic PE 274 76.4%

Bachelor’s degree
Sport sciences 64 17.7%
Health Education 10 2.7%
Elementary 11 3.2%
Education

Teaching <2 40 11.1%

experience (years)
3-6 49 13.7
7-10 116 32.4%
11-14 78 21.5%
>15 76 21.3%

The measurement model’s results are shown in table 5;
the composite reliability scores for the four constructs
ranged from 0.759 to 0.857. According to Leguina (2015),
the composite dependability value should be more than 0.7.
The AVE ranged from 0.53 to 0.578. This is consistent with to
Leguina (2015) recommendation for AVE, which should be

Constructs Indicators Loading CR  AVE C(z]x:lriedri%;nt
Preventive cmslp 0.676  0.871 0.53 Yes
cms4p 0.763
cms5p 0.723
cms6p 0.733
cms8p 0.721
cms9p 0.732
Supportive  cms10p 0.762  0.825 0.531 Yes
cmsl2p 0.783
cmsl3p 0.742
cmsl4p 0.673
cms15p 0.726
Corrective cms18p 0.671  0.759 0.531 Yes
cms19p 0.743
cms20p 0.724
Learning te2levm 0.812  0.857 0.578 Yes
Environment te22evm  0.839
te23evm 0.771
te24evm 0.625
te25evm 0.711

at least 0.5 for each variable to be adequate. The current re-
search items have loadings for indicators ranging from 0.625
to 0.839. According to Leguina (2015) proposed removing
the loading for indicators with values less than 0.40. As a
consequence, all of the results suggesting the model of this
study met the needed requirements.

Table 6. The Fornell-Larcker Criterion Analysis

Learning

Indicators  Corrective . Preventive Supportive
Environment
Corrective 0.815
Learning 0.166 0.742
Environment
Preventive 0.003 0.512 0.722
Supportive 0.132 0.438 0.628 0.735

Table 6 shows that in the Fornell-Larcker measurement,
the AVE square root values in the first order construct should
be greater than the correlations among all the other variables
(2016), as evidenced by the results showing that the AVE
value is greater than the value of all the constructs below it.

The Heterotrait Monotrait criteria of correlation
(HTMT) is shown in table 7, (HTMT). According to Hensel-

Table 7. The Heterotrait Monotrait (HTMT) Criterion

Indicators Corrective En]:r‘;:(l:lzgn t Preventive Supportive
Corrective -
Learning 0.265 -
Environment
Preventive 0.183 0.612 -
Supportive 0.233 0.58 0.728 -
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Table 8. PLS-SEM

Relationship Std. Beta (b) T Values P Values Finding
PS->learning environment 0.413 5.331 0.001 *significant
SS->learning environment 0.146 1.533 0.143 not significant
CS->learning environment 0.165 3.158 0.003 *significant

Note: *significant at p<0.05

er et al. (2015), the HTMT value of correlation should not
be greater than 0.85. The HTMT values in this study are less
than 0.85.

Table 8 depicts the hypothesis evaluation using the
bootstrapping PLS-SEM. The findings revealed a significant
relationship between corrective strategies (CS) and learning
environment (b = 0.165, T = 3.158, P<0.05) and between
preventative strategies and learning environment (b = 0.413,
T = 5.331, P<0.05). However, no relationship was discov-
ered between support techniques and learning environment
(b=0.146, T = 1.533, P>0.05).

Discussion

These findings provide empirical evidence for the cur-
rent study’s conclusion that there is a substantial relation-
ship between classroom management practices and learn-
ing environment among high school teachers in Indonesia.
These data show that preventative and corrective techniques
contribute considerably and favorably to the learning en-
vironment among high school teachers in Indonesia, but
supporting approaches have no significant influence on the
learning environment.

The findings revealed a substantial relationship between
preventative methods and learning environment among high
school teachers in Indonesia. The possible cause of this effect
is the respondents’ teaching experience, which is evident from
the demographics of the participants (see table 4). According
to Ozben (2010), teachers with greater teaching experience
can manage and establish a pleasant learning environment
to reduce student misconduct. According to Kayani (2018),
teaching experience is favorably associated to classroom
management for reducing undesirable conduct. This is be-
cause teachers with greater teaching experience have different
techniques to dealing with pupils’ misconduct (Sprick, 2013).

Furthermore, the findings revealed a substantial rela-
tionship between corrective techniques and learning envi-
ronment among high school teachers in Indonesia. These
findings are consistent with the prior finding, which is con-
nected to the instructors’ experience. These findings are sim-
ilar with the Lopez-Gonzalez et al. (2017). This is because
those with extensive teaching and training experience may
bring their knowledge to bear in managing their classrooms
(Chu & Zhang, 2018; Ratten & Jones, 2018). As a result, it
was proposed that the 40 of all responders be reduced to less
than 11.1 percent in year terms.

Conclusions

Overall, the current study discovered that preventative
and corrective measures have a considerable influence on
the learning environment. On the other hand, supportive

techniques had no substantial effect on high school teach-
ers in Indonesia. Yet, supportive approaches to the learning
environment cannot be ignored; however, new techniques to
assist the learning environment are required. As a result, this
study can assist PE instructors understand how to choose
classroom management approaches to tackle disobedience
and to improve and maintain a healthy learning environ-
ment in high schools. The current study has several limita-
tions because the data was obtained exclusively in the area
of Indonesia.
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EQOEKTUBHI HABYAJIbHI CEPEAOBULLA Y OIBNYHOMY BUXOBAHHI
Hyp Asic Poxmancax'*®PE, Ammpa XipyHrpaky*A*<P

'CemapaHrcpkuil yHiBepcureT Acomiarnii Bunrenis [ngoHesii
*KXOHKaeHCbKMIT yHiBepCHUTET

Pedepar. Crarts: 6 c., 8 Tabn., 1 puc., 26 mxepert.

Icropisa nurannsa. Qisnune BuxosanH:A (PB) BUsHaHe BaXK/IMBMM YYEHVMH B YCbOMY CBiTi. Y 1IbOMY 3B’A3KY BOHM LIyKa/IN
MEeTOAM IOKpAllleHHsI BUK/IafaHHs Ta HaBuaHHs OB. IcHyIoTh pisHi ciocoOu, sKi MO>KHa BUKOPMCTOBYBATH IS OKPAIleHH
BUK/IafjaHHA Ta HaByaHHA OB. OpHax HaileeKTUBHIMNM CIOCOOOM, BIUSHAYEHUM Y TIPOLeCi HAYKOBUX [JOC/II/PKEHbD, € Mifxif
10 yrpasiHHsA poboToio Ha ypoui. Kpim Toro, uepe3 HeHa/ne)xHy HaB4anbHy arMocdepy Ha ypoui Bunteni @B 6ynu He B 3M03i
Ppery/IoBaTu 3aHATTS Ta BUPILIyBaTU Npo6IeMy 3 IUCLHMIVIIHOK YUHIB.

Merta gocnifkeHHA. TakyM 4MHOM, METOIO 1IbOTO JJOCI/[KEHHS € BUBYEHHS BIIMBY MIPAKTUYHMX IiJIXO/IIB /10 YIPaBIiHHA
po0O0TOI0 Ha ypOLIi Ha HaBYAJIbHE CepefOBMILE.

Marepianu Ta Metoau. [y 360py faHuX 6y/I0 NpoBeieHe ONMUTYBaHHA 359 BUMTENIB CTApIINX KJIACIB cepeHbOI KON B
IHpoHesil 3 BUKOpUCTAHHAM aHKeTy «MeToan yrpasiiHHA po60TO0 Ha ypoli» Ta aHKeTH «CaMOOoLiHKa eeKTUBHOCT] BUK/Ia-
MTaHHA Ha 3aHATTAX i3 OB».

Pesynpratn. PesynbraTy mokasany, o nonepeyKyBaabHi Ta KOPUTYBa/IbHI METOAY MAalOTh 3HAYHMII BIUIMB Ha HaBYa/IbHe
cepeposuie. ITpy npomy migTpuMyBanbHUI MifiXif He Ma€ IOMITHOTO BIUIMBY Ha HaBya/ibHe cepefoBule. Lli pesynpratu Mo-
XKYTb HOIOMOITH TaKMM IIPeCTaBHMKAM LIKIZbHOI afMiHicTpanil, K gupexrop i Bunrtens OB, y Bubopi Ha/me>XXHUX CTpaTeriit
yIpaB/IiHHA po6OTOI0 Ha YPOL I BUPiLIeHHs Ipo6IeM i3 IOraHoOk0 MOBEIiHKOIO.

Bucnosku. OTKe, MOKpalljeHHsA Ta HiTPMMaHH:A HaJIeKHOTO HaBYa/JIbHOTO CepelloBMIA B CEPEIHIX LIKO/IaX TaKOX CIpUse
Ipoliecy BUK/IalaHHs Ta HAaBYaHHA Ta, BIAIOBIAHO, MifiBUIIYe e(DeKTUBHICTh HABYAHHS YUYHIB.

KrouoBi cmoBa: ynpasiinHA po60Tor0 Ha ypolli, Gi3iyHe BUXOBaHH:A, HaBYa/IbHE CepefjOBUIIIE.
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Abstract

The study purpose was to carry out a comparative analysis of special indicators of the integral assessment of the
technical and tactical football activity of the national team of Ukraine and national teams of various European

countries.

Materials and methods. The study included pedagogical observation and video recording of the competitive activity
of highly qualified football players of the national team of Ukraine and national teams of European countries within
the framework of the 2021 (2020) European Football Championship. In total, the Ukrainian team played 5 matches
at the European Championship. The integral assessment reflects the quantitative (coeflicients of intensity, mobility,
aggressiveness) and qualitative (coeflicients of effectiveness, efficiency of single combat, creativity) indicators of the

technical and tactical activity of the football team.

Results. In the course of the European Football Championship, the average value of the integral assessment of the
technical and tactical activity of the Ukrainian team was 5.34+0.24 points, which was not statistically different
(p=0.875) from the indicator of the rival national teams, i.e. 5.36+0.31 points. In the national team of Ukraine, in
relation to the European champion of the national team of Italy, lower indicators were observed not only for the
integral assessment — by 1.09 points (16.6%), but also for almost all specific indicators: for intensity coefficient — by
0.36 points (26.9%), for mobility coefficient — by 0.49 points (21.6%), for aggressiveness coefficient - by 0.14 points
(15.5%), for effectiveness coeflicient — by 0.02 points (2.3%), for creativity coeflicient — by 0.12 points (25.0%).
Conclusions. The developed integrated assessment of the technical and tactical activity of a football team comprises
six special coefficients: intensity coefficient, mobility coefficient, aggressiveness coefficient, effectiveness coefficient,
coefficient of efficiency of single combat, and creativity coefficient. The established values of the specific coefficients
of the integral assessment of the technical and tactical activity of the national football team of Ukraine can be
considered as models and be the basis for correcting the training and competition processes.

Keywords: highly qualified football teams, European Football Championship, integral assessment of the technical

and tactical activity.

Introduction

Intensification of competition among teams of different
levels prompts the conduct of a large amount of scientific
research aimed towards identification of the most significant

© Kostiukevych, V., Lazarenko, N., Konnov, S., Vozniuk, T.,
Shynkaruk, O., Asauliuk, I., Shchepotina, N., Voitenko, S.,
& Svirshchuk, N., 2022.
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factors that determine the achievement of high sports results
both on the national and international football arena. Due
to this, control and analysis constitute integral components
of the management of training and competitive activities of
athletes as they are carried for the purpose of determining
the effectiveness of the implementation of pedagogical influ-
ences planned by the coach (Bompa, Haft, 2009; Gerhard,
2009). Only on the basis of indicators of competitive activity,
optimal corrections are introduced into the training process
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of athletes (Doroshenko, 2014; Doroshenko et al., 2019; Kos-
tiukevych, Shchepotina, Vozniuk, 2020).

In team sports and namely in football, control and anal-
ysis of competitive activity has specific features, which, first
of all, is due to the large volume of competitive actions and
the multi-vector nature of the technical and tactical skill of
athletes (Solovey et al., 2020; Oliinyk et al., 2021; Bezmylov
etal., 2022). Therefore, there arises a problem of comprehen-
sive analysis of the competitive activity of athletes in these
sports. The analysis of special scientific literature made it
possible to establish that the problem of control and analysis
of competitive activity was studied by scientists in volleyball
(Doroshenko, 2013; Shchepotina, 2015; Oliinyk et al., 2021),
basketball (Mitova, Sidorenko, 2015; Vozniuk et al., 2020;
Doroshenko et al., 2020), handball (Tyshchenko et al., 2019;
Solovey et al., 2020), football (Bangsbo, Peitersen, 2000; Sar-
mento et al., 2014; Kostiukevych, Lazarenko, Shchepotina,
Poseletska et al., 2019), field hockey (White, MacFarlane,
2015; Kostyukevich, Konnov, 2021; Kostiukevych, Lazaren-
ko, Shchepotina, Vozniuk et al., 2021) and in other sports.

One should note that general principles of control
of competitive activity in team sports were developed by
Mitova with co-authors (2015, 2019, 2020). One of the sci-
entific and methodical approaches to control and analysis of
the competitive activity of athletes in team sports is the inte-
gral assessment of the technical and tactical activity of both
players and teams (Shchepotina, 2015; Vozniuk et al., 2020;
Konnov, 2021). As for the determination of the integral as-
sessment of the technical and tactical activity of athletes of
team sports, the subject of scientific research of this problem
was the research conducted by M. Bezmylov (2015), S. Kon-
nov (2021), V. Kostiukevych with co-authors (2020, 2021).

Thus, taking into account the importance of determin-
ing the indicators that characterize the specificity and ver-
satility of the game, reflect the quantitative and qualitative
indicators of the technical and tactical activity of the players,
the problem of analyzing the competitive activity of highly
qualified athletes in football on the basis of an integral assess-
ment, including in the overall team aspect, remains relevant.

Research hypothesis: it was assumed that the analysis
of special indicators of the integral assessment of the tech-
nical and tactical activity of the national team of Ukraine
and the national teams of various European countries will
allow to determine the direction for correction of the train-
ing process of highly qualified football teams and will create
prerequisites for effective management of training of players.

The purpose of the research was to carry out a compara-
tive analysis of special indicators of the integral assessment
of the technical and tactical football activity of the national
team of Ukraine and the national teams of various European
countries.

Material and methodology

Participants

The study included pedagogical observation and video
recording of the competitive activity of highly qualified foot-
ball players of the national team of Ukraine and national
teams of European countries within the framework of the
2021 (2020) European Football Championship. In total,
the Ukrainian team at the European Championship played

5 matches against the teams of the Netherlands (2:3), North
Macedonia (2:1), Austria (0:1), England (0:4), Sweden (2:1).
Such results allowed the Ukrainian team to become of the
eight best teams in Europe. The study was approved by the
ethics committee of Vinnytsia Mykhailo Kotsiubynskyi State
Pedagogical University and all procedures were in compli-
ance with the Declaration of Helsinki.

Research organization

The study was conducted during the 2021 (2020) Eu-
ropean Football Championship. The competitive activity of
the national team of Ukraine and national teams of various
European countries was analyzed based on the methodi-
cal approach of V.M. Kostiukevych (Kostiukevych, Shche-
potina, Shynkaruk et al., 2020; Kostiukevych, Lazarenko,
Shchepotina, Vozniuk et al., 2021). According to the out-
lined approach, in the process of pedagogical observation
of filmed video materials of football matches, all technical
and tactical actions (TTA) of the players were recorded on
specially developed forms while taking into account the co-
ordination complexity. In particular, the 1st mode of coordi-
nation complexity (MCC ) included TTA performed on the
spot or at a convenient speed of movement. TTA performed
on the move with a limitation in space and time belonged to
the 2nd MCC . Execution of TTA in conditions of active in-
terference by the opponent (single combat) were registered
as TTA of the 3rd MCC..

In addition, ball passes were regarded as holding, de-
veloping and aggravating ones. That is, they characterized
the football team’s tactical moves — possession of the ball,
development of the attack, escalation of offensive actions.

The integral assessment reflects the quantitative and
qualitative indicators of the technical and tactical activity
of the football team, and the method of its determination
is presented in detail in previous studies (Kostiukevych,
Shchepotina, Shynkaruk et al., 2020; Kostiukevych, Laza-
renko, Shchepotina, Vozniuk et al., 2021; Shchepotina et al.,
2021). And namely, quantitative specific indicators: intensity
coefficient (IC) reflects the active TTA of the team during the
match; mobility coefficient (MC) characterizes the dynamics
of the team’s game, the tempo of the game; aggressiveness
coefficient (AC) is an indicator of the team’s participation
in single combat, as well as final offensive actions. Qualita-
tive specific indicators: effectiveness coefficient (EC) is an
indicator of the effectiveness of all TTA of the team during
the match (half); coefficient of efficiency of single combat
(CESC) reflects the effectiveness of team players’ participa-
tion in martial arts; creativity coefficient (CC) determines
the level of creative TTA of the team (fig. 1).

Statistical analysis

Descriptive statistics were used for mathematical pro-
cessing of research results. Indicators characterizing the
sample of objects were determined - mean value (M), stan-
dard deviation (SD), coefficient of variation (V, %). The para-
metric Student’s t-test was used to determine the statistical
reliability of the difference between the studied indicators of
football teams. The difference between indicators was con-
sidered reliable at the significance levels p<0.05 and p<0.01.
The sample was previously checked for normal distribution
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n

D.TT4
1. The intensity coefficient (IC): 1C="1— (1)
t

where: ZT TA - total amount of technical and tactical actions;

i=1

t — time played by players. ZTTA(an MCC+3rd MCC)

2. The mobility coefficient (MC): MC == ; x2,(2)

where: 2 TTA(2ndMCC+3rdMCC) _ total amount of technical and tactical actions performed by players in the second

i=1

and third modes of coordination complexity;

2 - indicator of coordination complexity. .,
D TTAB3rdMCC)
3. The aggressiveness coefficient (AC): AC=1————x3,(3)
t

where: Zn:TTAGrdMCC) — total amount of technical and tactical actions performed by players in the third mode of

i=1

coordination complexity;

3 - indicator of coordination complexity.
Z preciseTTA

4. The effectiveness coefficient (EC): EC =Z——— (4)
> allTTA

where: )" preciseTTA - total amount of precise technical and tactical actions performed by players;
i=1

Z": allTTA - total amount of all technical and tactical actions performed by players.

i=1
5. The coeflicient of efficiency of single combat (CESC):

Z preciseTTA(stops, holds,tackings,dummies, performed in 3rd MCC)
CESC = » (5)
z allTTA(stops, holds, tacklings, dummies, performed in 3rd MCC)

i=1

where: z preciseTTA(stops, holds, tackings, dummies, performedin3rdMCC) - total amount of precise technical and tactical

i=1

actions performed by players in the third mode of coordination complexity;

ZallTTA(stops,holds,tackings,dummies, performedin3rdMCC) - total amount of all technical and tactical actions per-

i=1

formed by players in the third mode of coordination complexity.

6. The creativity coeflicient (CC):

ZpreciseTTA(Dle+SP><2+GP><5+GK><5+G><10)

cc=- ’
t

where: DP - developing passes; SP — sharpening passes; GP - goal passes; GK - goal kicks; G - goals.

7. The integral assessment (IA) was determined by the sum of six specific indicators and was one of the criteria for creat-
ing an athletes’ rating: JA = IC + MC + AC + EC + CESC + CC (7)

Development of protocols for pedagogical observation of the competitive activity of players was carried out on the basis
of mathematical statistics.

(6)

Fig. 1 Qualitative specific indicators: effectiveness coeflicient (EC) is an indicator of the effectiveness of all TTA of the team during the
match (half); coefficient of efficiency of single combat (CESC) reflects the effectiveness of team players’ participation in martial arts;
creativity coefficient (CC) determines the level of creative TTA of the team
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of results using the Shapiro-Wilk test. Mathematical process-
ing of the research results was carried out using the “Data
Analysis” package of the MS Office Excel software as well
as using the Statistica program (Albert et al., 2017; Lopatiev
et al., 2017; Byshevets, Denysova et al., 2019; Kostiukevych,
Shchepotina, Shynkaruk et al., 2020).

Results

In order to achieve the goal of the study, the indicators
of the technical and tactical activity of the national team of
Ukraine were determined and they were compared with the
TTA indicators of other national teams at the 2021 (2020)
European Football Championship.

The indicators and structure of the technical and tactical
activity of the Ukrainian team at the 2020 (2021) European
Football Championship are presented in the table 1.

The indicators of the technical and tactical activity of
the national football team of Ukraine can be considered as
a model for a high level of competition. In general, during
the European Championship, the national team of Ukraine
performed (M+SD) 901.0£60.94 TTA with a coefficient of
variation of 6.8 %.

A fairly low coefficient of variation fully characterizes
the stable level of skill of the players of the national team of
Ukraine. This is also evidenced by the performance indicator
of TTA by the Ukrainian team - 0.85+0.02 with a coefficient
of variation of 2.5 %.

From the table 1, it can be seen that the greatest efficien-
cy is observed when performing such technical techniques
as stopping and holding passes of the ball in the 1st MCC -
1.0, dribbling the ball - 0.99+0.02, holding passes of the ball
in the 2nd MCC - 0.99+0.01, developing passes of the ball in
the 1st MCC - 0.96+0.03.

Table 1. Indicators and structure of technical and tactical actions of the national team of Ukraine at the 2020 (2021)

European Football Championship (n=5)

. . Indicators .
Technical 'flnd tactical Quanty Quality Dlstrlbutl‘on, %
actions : : (quantity)
M SD max min V,% M SD max min WV, %
1 MCC 340 214 63 13 63.1 1.0 - - - - 134
Stops 2 MCC 180.0 35.19 222 140 19.6 0.99 0.01 0.99 0.98 0.43 70.8 (22524'.22)
3 MCC 40.2 0.75 56 32 1.8 0.74 0.09 0.84 0.63 12.2 15.8
1 MCC 19.0 12.01 35 7 63.2 1.0 - - - - 16,8
holding 2 MCC 84.6 29.61 124 55 35.0 0.99 0.01 1.00 0.98 0.9 749 (113.0)
3 MCC 9.4 3.86 14 5 41.1 0.88 0.09 1.00 0.80 9.8 8,3
é 1 MCC 35.8 1587 55 18 444 0.96 0.03 1.00 0.92 0.1 13.3
__& developing 2 MCC 214 21.33 242 193 9.9 0.87 0.04 0.91 0.82 4.4 78.6 (268.8) ?:(’)i 8)
g 3 MCC 21.6 1631 48 10 75.5 0.64 0.26 1.00 0.39 40.9 8.1 '
1 MCC 4.0 2.57 7 1 64.4 0.69 0.26 1.00 0.40 37.3 18.2
aggravating 2 MCC 15.8 5.57 22 9 353 0.50 0.13 0.68 0.37 26.6 71.8  (22.0)
3 MCC 2.2 1.72 4 1 78.0 0.56 0.26 1.00 0.33 51.3 10.0
Leading the ball 48.6 1.29 52 45 2.6 0.99 0.02 1.00 0.96 1.7 5.4
Dribbling the ball 432  7.72 51 33 17.8 0.78 0.08 0.89 0.69 11.0 4.8
Tackling the ball 66.2 1588 82 45 23.9 0.46 0.04 0.51 0.42 8.4 7.5
1 MCC 1.00 - - - - 1.00 - - - - 1.3
Interception 2 MCC 42.8 4.72 55 34 11.0 0.70 0.03 0.89 0.83 3.6 55.3 (787'.64)
3 MCC 336 11.59 48 21 344 0.52 0.17 0.69 0.29 33.0 43.4
Fromthe o\ 345 10 2 536 054 028 100 033 532 842 0.7
Shots on goal game 06
SP 1.2 - - - - 0.60 - - - - 15.8
Number of TTA 901.0 60.94 951 809 68 0.85 0.02 0.88 0.83 2.5
Single combat 218.2 4549 273 167 20.8 0.57 0.04 0.65 0.55 75.5 24.2
EC - - - - 0.85 0.02 0.88 0.83 0.83 2.5
IC 0.98 0.07 1.06 0.89 7.1
MC 1.78 0.13 190 1.59 7.3
. AC 0.76  0.15 091 0.56 19.7
isfjicclizrs EC 0.85 002 088 083 25
CESC 0.61 0.04 0.65 0.55 6.6
CC 0.36 0.05 0.41 0.29 13.8
1A 534 024 560 5.03 4.2

Notes: MCC - mode of coordination complexity; SP - standard provisions; TTA - technical and tactical actions; IC - intensity coef-
ficient; MC - mobility coefficient; AC - aggressiveness coeflicient; EC - effectiveness coefficient; CESC - coefficient of efficiency of
single combat; CC - creativity coeflicient; IA - integral assessment
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Table 2. Indicators of integral assessment of technical and tactical activity (in one half) of the national team of Ukraine
(n=10) and rival teams (n=10) at the 2021 (2020) European Football Championship

National team of

National teams of

Specific indicators of technical and tactical Tikefie Europe AM (%) . o
activity
M SD M SD

Intensity coefficient, points 0.98 0.07 1.04 0.08 0.06 1.79 0.089
(5.8)

Mobility coefficient, points 1.78 0.13 1.74 0.32 0.04 0.36 0.722
(2.3)

Aggressiveness coeflicient, points 0.76 0.15 0.55 0.16 0.21 3.03 0.007*
(38.2)

Effectiveness coefficient, points 0.85 0.02 0.91 0.03 0.06 9.00 0.000*
(6.6)

Coeflicient of efficiency of single combat, points ~ 0.61 0.04 0.74 0.03 0.13 8.22 0.000*
(17.6)

Creativity coefficient, points 0.36 0.05 0.38 0.04 0.02 1.00 0.329
(5.3)

Integral assessment, points 5.34 0.24 5.36 0.31 0.02 0.16 0.875
(0.4)

Notes: * - statistically significant difference at the level of significance p<0.01

The lowest performance indicators of TTA were regis-
tered when hitting the goal from the game, i.e. 0.54+0.28,
and from standard positions, i.e. 0.60, as well as when tak-
ing the ball, i.e. 0.46+0.04 and aggravating passes of the ball
in the 2nd MCC, i.e. 0.50+0.13, and in the 3rd MCC, i.e.
0.56+0.26.

The average value of the integral assessment (IA) of the
national team of Ukraine at the 2020 (2021) European Foot-
ball Championship was 5.34+0.24 points. The structure of
the integral assessment of the technical and tactical activity
of the national team of Ukraine is presented in fig. 1. The
highest values in the structure of the integral assessment of
the TTA of the Ukrainian team were for MC - 33.5 % and
IC - 19.0 %, the lowest — for CC - 6.6 %.

One of the tasks of the study was to compare the in-
dicators of the integral assessment of the national team of
Ukraine and rival teams (Table 2).

In the course of the European Football Champion-
ship, the average value of the IA TTA of the Ukrainian team
was 5.34%0.24 points, which was statistically not different
(p=0.875) from the average value of the IA of the TTA of the
rival national teams, i.e. 5.36+0.31 points.

18,3

6,9

11,4

14,2 15.9

Fig. 1. The structure of the integral assessment of the technical
and tactical activity of the national team of Ukraine at the
2021 (2020) European Football Championship, % was the

following: M - intensity coeflicient; B - mobility coefficient;

H - aggressiveness coeflicient; I — effectiveness coefficient; = -

coefficient of efficiency of single combat; M - creativity coefficient

In the course of the European Football Championship,
the average value of the IA of the TTA of the Ukrainian team
was 5.34+0.24 points, which was statistically not different
(p=0.875) from the average value of the IA of the TTA of the
rival national teams, i.e. 5.36+0.31 points.

It is always important to compare the values obtained
in the study with the corresponding values of the champion.
The national football team of Italy became the 2021 (2020)
European football champion.

Table 3 represents the indicators of the IA of the TTA of
the national team of Ukraine and the national team of Italy.

The national team of Italy has greater values not only
for the integral assessment of the TTA by 1.09 points (16.6
%), but also for almost all specific indicators of the integral
assessment. In particular, in the national team of Ukraine, in
relation to the European champion of the national team of
Italy, lower indicators are observed for IC - by 0.36 points
(26.9 %), for MC - by 0.49 points (21.6 %), for AC - by 0.14
points (15.5 %), for EC - by 0.02 points (2.3 %), for CC -
by 0.12 points (25.0 %). That is, in order for the national
football team of Ukraine to reach the finals of the European

Table 3. Indicators of the integral assessment of the
technical and tactical activity of the national team of
Ukraine (average values) and the national team of Italy
(final match) at the 2021 (2020) European Football
Championship

Specific coefficients
IC MC AC EC CESC CC 1A

National teams

Ukraine (n=5)
Italy

098 178 0.76 085 0.61 0.36 534
1.34 227 090 0.87 057 048 643

Notes: IC - intensity coefficient; MC - mobility coefficient; AC
- aggressiveness coefficient; EC - effectiveness coefficient;
CESC - coeficient of efficiency of single combat; CC - cre-
ativity coefficient; IA - integral assessment
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44.8

Fig. 2. The structure of the technical and tactical activity of the European national football teams:

a — the Italian national team, b — the national team of Ukraine, %:

- stops; M — passes; # — leading;

W - dribbling; ® - tackles; M - interception; M - shots on goal

Championship, it is necessary to fully focus on the meaning
of the IA of the TTA of the Italian national team.

If we consider the structure of the technical and tac-
tical activity of the national teams of Italy (Fig. 2 a) and
Ukraine (Fig. 2 b), then the advantage of the Italian national
team over the national team of Ukraine in the execution of
TTA which are performed in the ball possession phase is
observed. In the Italian national team, passes, stops, leads,
dribbles and shots on goal were 88.9 %. In the national team
of Ukraine, these TTAs amounted to 84.0 %. Therefore, the
game of the national team of Ukraine should be aimed at
greater control of the ball.

It can be noted that focusing on the indicators of the
Italian national team in one game cannot reflect the objec-
tive nature of the analysis.

Discussion

Summarizing the results of previous studies allows us to
note that team management in competitive sports is one of
the most difficult problems of coaching (Doroshenko, 2013;
Mitova, Sidorenko, 2015; Tyshchenko et al., 2019). This is
largely determined by the objective difficulties of operation-
al control. At the same time, urgent objective information
about the quantitative and qualitative characteristics of the
players’ competitive activity creates prerequisites for effec-
tive operational management of a football team.

Discussion matters in this article concern selected
methods of scientific research as well as interpretation of the
obtained results.

As for the methods of study of the outlined problem, it
is worth noting that the analysis of the competitive activity
of athletes of team game sports and football, in particular,
based on the integral assessment of technical and tactical
activity, is one of the most objective. First of all, this is due
to taking into account not only all technical and tactical
actions (stops, passes, dribbling, passing, tackles, intercep-
tions, shots on goal) performed in the game, but also their
coordination complexity. That is, the performance of each
technical and tactical action is registered in three modes of
coordination complexity. This allows form making objective
adjustments to the structure and content of the training pro-

cess of athletes. For example, the predominant performance
of technical and tactical exercises in the third mode of co-
ordination complexity, especially aimed at improving such
game techniques as passing, interception as well as tackles
contributes to increasing the level of sportsmanship of foot-
ball players. All these game techniques belong to the group
of single combats, and, as a rule, a greater number of single
combats won by the opposing team allows to achieve a win-
ning result (Doroshenko, 2014; Kostiukevych, Shchepotina,
Vozniuk, 2020).

The method of integral assessment of the competitive
activity of athletes in team game sports was reflected in the
results of previous studies and was tested in the practice
of training teams in basketball (Vozniuk et al., 2020), vol-
leyball (Shchepotina, 2015), field hockey (Konnov, 2021),
mini-football (Leibo et al., 2021), where its objectivity was
confirmed.

The disadvantage of this method of analyzing the com-
petitive activity of football teams is the calculation of indi-
cators of the motor activity of the players (Kostiukevych,
Lazarenko, Shchepotina, Vozniuk et al., 2021). This is pos-
sible when using such specialized programs for monitoring
competitive activity in sports games as Sports Code, GAME
BREAKER Plus, Sports Code PRO, Sports Code ELITE, etc.

As for the interpretation of the obtained results, in gen-
eral, in accordance with the formulated hypothesis of the
study, it was assumed that the definition of an integral assess-
ment of technical and tactical activity will allow to outline
the directions of correction of the training process of highly
qualified football teams.

The integral assessment reflects the technical and tacti-
cal preparedness of the players, therefore, the higher its val-
ue, the higher the team’s sporting result can be. According to
the indicator of the integral assessment of technical and tac-
tical activity, the game of the national team of Ukraine cor-
responded to the development trends of European football
(Bangsbo, Peitersen, 2000; Doroshenko, 2014). The greater
value of the coefficient of aggressiveness of the national team
of Ukraine in relation to rival teams can be viewed from a
positive point of view. The negative difference between the
values of the coefficient of effectiveness and the coefficient
of efficiency of single combat determines the directions of
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training work which should be aimed at increasing the level
of performance of technical and tactical actions by the play-
ers of the national team of Ukraine.

Focus on the champion can be considered as a guide in
the indicators of technical and tactical activity of national
teams (Doroshenko et al., 2019; Solovey, Mitova, Solovey et
al., 2020; Kostiukevych, Shchepotina, Vozniuk, 2020), in-
cluding the national football team of Ukraine. There is an
advantage of the 2021 (2020) European champion of the na-
tional team of Italy over the national team of Ukraine when
performing technical and tactical actions performed in the
ball possession phase. Therefore, the game of the national
team of Ukraine should be aimed at greater control of the
ball.

In general, the conducted study expanded the method-
ological approaches to the control of the competitive activity
of athletes in team game sports (Doroshenko, 2013; Shche-
potina, 2015; Oliinyk et al., 2021), including on the basis of
an integral assessment of their technical and tactical activity
(Vozniuk et al., 2020; Konnov, 2021; Kostiukevych, Laza-
renko, Shchepotina, Vozniuk et al., 2021).

Conclusions

1. Control and analysis of competitive activity is a key
link in the general system of training athletes. There is an
integral assessment of technical and tactical activity for ob-
jective control of the competitive activity of athletes in team
game sports.

2. The developed integrated assessment of technical and
tactical activity consists of six special coeflicients - intensity
coefficient, mobility coeflicient, aggressiveness coefficient,
efficiency coefficient, coeflicient of efficiency of single com-
bat, creativity coeficient. Each of these coeflicients reflects
the main aspects of the football team’s game.

3. The following indicators of the integral assessment
of the technical and tactical activity of the national team
of Ukraine at the 2021 (2020) European Football Champi-
onship were determined: intensity coefficient - 0.98+0.07
points; mobility coefficient — 1.78+0.13 points; aggressive-
ness coeflicient — 0.76+0.15 points; efficiency coeflicient —
0.85+0.02 points; coefficient of efficiency of single combat
- 0.61£0.04 points; creativity coefficient - 0.36+0.05 points;
integrated assessment — 5.34+0.24 points. The established
values of the specific coeflicients of the integral assessment
of the technical and tactical activity of the national football
team of Ukraine can be considered as models and be the
basis for correcting the training and competition processes.

The perspective of further studies of the specified prob-
lem will be determined by the development of models of
technical and tactical activity of highly qualified football
players of various playing roles based on an integral assess-
ment of technical and tactical activity.
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IHTEFPAJIbHA OLUIHKA TEXHIKO-TAKTUYHOI AIAJIbHOCTI
®YTBO0JIbHOI KOMAHAU BUCOKOT KBANTIDIKALLIT

IKT T BUY , Hatamia H , CranictaB Konnos 8
BikTop Kocrtroke 1ABCDE Hartania JTasapenko'A°PE, Cranicnas Konnos!PCPE
Tersaana Bosuwok'®“PF, Okcana llInakapyk*®“PF, Inna Acaymrok'®“PF, Hatansa
Ilennorina'® Pk, Cepriit Boittenko'®“’E, Haranis CBipuryk'5cPF

'BiHHMIIbKMIT ep>KaBHUI Neflaroriyumii yHiBepcuteT iMeni Muxaiina Korjfo6uHcbkoro
*Harionanpanit yHiBepcuTeT Qi3sYHOrO BUXOBAHHA i ciopTy Ykpainu

Pedepar. Crartsi: 9 c., 3 Tabm1., 3 puc., 31 mxeperno.

Merta gocnifKeHHA — 3/11/iCHUTY OPIBHAIbHMUIL aHAJIi3 Cllelia/IbHMX OKA3HMKIB iHTerpabHOI OLIiHKM TeXHIKO-TaKTUYHOL
HiAnbHOCTI 3 QyTOONTY HallioHaMbHOI 36ipHOI KOMaHAM YKpaiHy Ta HalliOHAJIbHMX 30ipHMX KOMaH/[| Pi3HIX €BPOIEChKIX KpaiH.

Marepian i meTopu. JJocmipkeHHs nepebadao megarorivHe CioCTEPEKeHH Ta Bifje03/IOMKY 3MaranbHOI AisIbHOCTI (yT-
6omicTiB BcoKoi kBai¢ikalii HallioHabHOI 36ipHOT KOMaH/U YKpaiHM Ta HalliOHaIbHUX 30ipHMX KOMaH/[] €BPOIEIChbKIX KpalH
y pamkax Yemmionary €spomnn 3 ¢pyrbomy 2021 (2020) poxy. Ycporo komasga YkpaiHu Ha YeMIioHaTi EBpOIM IIpoBera 5 MaTdiB.
IuTerpanbHa olLiHKa Bifobpakae KinmbKicHi (koedillieHT iHTEHCMBHOCTI, MOOITBHOCTI, arpecMBHOCTI) Ta siKicHi (koedirjieHTn
edexTuBHOCTI, eheKTUBHOCTI OXHOOOPCTB, KPEATUBHOCTI) IIOKA3HMKM TEXHIKO-TaKTUYHOI Ais/IbHOCTI GyTOOIBHOI KOMaH M.

PesynbraTin. Y mpoueci yemmnionary €sponu 3 GpyT6ony cepefiHe 3HaueHHA iHTErpajbHOI OLIHKYM TeXHIKO-TAaKTMYHOI Hi-
ANBHOCTI KOMaHAM YKpaiHu 6y}10 5,34+0,24 6anu, 1o CTaTUCTUYHO He BifjpisHsnocs (p=0,875) Bij mokasHMKa 30ipHIX KOMaH/-
CynepHUKiB — 5,36£0,31 6amu. Y 36ipHilt koMaHAl YkpaiHy 110 BiHOLIEHHIO 10 YeMIlioHa €Bpomy 36ipHOI KoMmanu ITanii crio-
CTepiraloThCst HYDKYI TOKasHMKY He JIMIIE 3a 3ara/IbHOIO0 IHTErpaIbHOIO OLiHKOoI0 Ha 1,09 6ana (16,6 %), a TakoXX Maibke 3a BciMa
crienniYHNMY TOKa3HMKAMIL: 32 KoediljieHToM iHTeHcuBHOCTI — Ha 0,36 6amu (26,9 %), 3a koedinienToM MobiTbHOCTI — Ha 0,49
6amm (21,6 %), 3a koedinienTom arpecuBHoCTi — Ha 0,14 6amu (15,5 %), 3a koediuierrom edextrBHOCTI — Ha 0,02 6amm (2,3 %), 3a
koeinientom KpearnsHocTi — Ha 0,12 6anu (25,0 %).

BucHoBku. Pospo6iena iHTerpaspHa OLiHKA TEXHIKO-TaKTUYHOI AisIbHOCTI GyTOONIBHOI KOMAH/Y CKIA[AETHCA 3 IIECTH
crienia/IbHMX Koe(illieHTiB — IHTeHCMBHOCTI, MOOITBHOCTI, arpecBHOCTI, eeKTUBHOCTI, epEeKTUBHOCTI EAMHOOOPCTB, KpeaTuB-
HOCTi. BcraHOBeH] 3HayeHHs crienndivHMX KoedillieHTiB iHTerpasbHOI OLIHKM TeXHIKO-TaAKTUYHOI is/IPHOCTI HalliOHA/TbHOI
36ipHOI KoMaHzM YKpainn 3 GyTOOIY MOKYTh PO3ITIANATHUCS SIK MOAE/bHI 1 OyTH MiATPYHTAM I KOPEKLii TpeHyBaTbHOIO Ta
3MarajabHOIO IIPOLECiB.

Krouosi cmoBa: Gpyr6onbHi komanmyu Bucokoi kBasidikarii, yemmionar €sponnu 3 ¢yT6O/Y, iHTErpanbHa OLIHKA TEXHIKO-
TaKTUYIHOI FisITIbHOCTI.
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Abstract

Study purpose. The purpose of the study was to assess the correlation between the level of health-improving and
recreational physical activity and family well-being.

Materials and methods. Theoretical analysis of data from special scientific and methodological literature,
generalization, systematization, sociological methods, and mathematical statistics. A research among parents was
conducted using online surveying through completing an online questionnaire created with Google Forms. The study
involved 106 married couples. The average age of the respondents was 35.1+4.2 years. The vast majority of the studied
families (95.1%) had up to two children (preschool and school age).

Results. The respondents were divided into two clusters according to their level of motor activity. Cluster 1 included
families with a low level of physical activity, and cluster 2 included those with an average level of physical activity.
Depending on the level of physical activity, statistically significant (p < 0.05) differences were found between the
families in terms of the following parameters: motivations for engaging in active leisure, amount of leisure time,
level of knowledge and skills in organizing active leisure, reasons preventing participation in active leisure, etc. The
families differed significantly (p < 0.05) in 23 categorical parameters. It was found that the families with different
levels of physical activity did not differ in their desire to engage in winter recreational activities. Reasons preventing
participation in health-enhancing and recreational physical activity programs were identified. A comparative
analysis of the current state of family well-being revealed statistically significant (p < 0.05) differences in all studied
parameters between the families with different levels of physical activity, i.e. the families with a proper level of
physical activity had higher scores of satisfaction, well-being, and quality of life. Low indicators of family well-being
indicated the rationale for such families to engage in active recreation and increase their level of health-enhancing
and recreational physical activity.

Conclusions. A relationship was identified between the level of health-enhancing and recreational physical activity
and indicators of satisfaction, family well-being, and quality of life.

Keywords: active leisure, family satisfaction, quality of family life, winter recreation.

Introduction ability of an individual to satisfy their interests in the use
of free time related to recreation, self-development, health-
improving, education, communication, etc. Modern society
is oriented towards organized leisure. The search for new
approaches in working with families regarding the introduc-
© Andrieieva, O., Maltsev, D., Kashuba, V., Grygus, L., tion of various health-improving and recreational technolo-

Zaharina, E., Vindyk, A., Skalski, D., & Hutsman, S., 2022. gies into the practice of family leisure is extremely relevant
T T T T (Yelizarova et al., 2020a). Today in the world and Ukraine,

One of the most important issues of the modern family
is the organization of its leisure which includes active family
leisure time (Currie, 2012). By leisure, scientists mean the
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in connection with the increase in the need for the organi-
zation of active leisure, the industry of entertainment and
recreation is developing at a rapid pace (Ustian, 2019). The
entertainment industry has become one of the most impor-
tant areas of society’s everyday life. A significant number
of scientists have devoted their research to the issue of the
development of the entertainment and recreation indus-
try using the means of health-improving and recreational
physical activity (HRPA) (Bakiko et al., 2022; Grygus, 2017;
Krutsevich et al., 2019). The results of modern scientific re-
search demonstrate numerous advantages of using active lei-
sure for the integral development of the emotional, cognitive,
physical, and social abilities of young people (Freire, 2018;
Rodriguez, 2018). It has been confirmed that organized leisure
brings more benefits than unorganized one (Monteagudo et
al,, 2017). The impact of active family leisure on the level of
satisfaction and quality of life has been revealed (De Neve et
al., 2013; Zabriskie et al., 2018). It has been confirmed that
the family is a privileged environment for the development
of children’s leisure (Stodolska et al., 2020; Valdemoros et al.,
2014). Joint family leisure time benefits family functioning
(Agate et al,, 2009; Sanz et al., 2018). Scientists have estab-
lished that active family leisure significantly affects the psy-
chological climate, as well as the emotional background and
social activity of the family (Burns et al., 2022). The scientific
interest of modern researchers is focused on establishing the
connection between psychological well-being and the state of
physical health, level of material well-being, education, social
status, age, gender, etc (Mandolesi et al., 2018; Taylor et al.,
2012). Numerous researches demonstrate that internal factors
of the psychological well-being of a person (e.g., contentment,
joy, and desire to be active) are associated with maintaining
an appropriate level of physical activity (Bogantes et al., 2021;
Mahlovanyy et al., 2021). Thus, it is noted that the level of life
satisfaction was higher among the students who took part in
health-improving activities for a longer period and more often
than others. Researchers have identified a positive correlation
between family leisure and family outcomes (solidarity, adapt-
ability, family functioning, and satisfaction with family life) in
a multinational sampling. At the same time, the assessment of
the connection between the level of HRPA and family well-
being has not been the subject of scientific research which
determines the relevance of the research in this direction.

Material & methods

Study participants

The research involved 106 families; most of them had
been married for more than 12 years. The average age of par-
ents was 35.1+4.2 years. 95.3% of surveyed families had 1 or
2 children. All participants of the survey were informed in
detail about the purpose and tasks of the research and indi-
cated their voluntary consent to participate in the research.

Study organization

The research among parents was conducted using online
surveying through completing an online questionnaire cre-
ated with Google forms. The link to the questionnaire was
distributed through social networks (Facebook, Instagram)
and other available online resources (Viber, Telegram mes-

sengers). In total, the questionnaire contained 74 questions,
among which 38 questions suggested receiving textual infor-
mation, and the rest - numeric data.

Statistical analysis

To analyze the reliability of the questionnaire «Family
leisure» offered to the participants, the Cronbach’s alpha was
used, the basis of which is the ratio of the variances of each
individual question to the variance of the total scale. If not
the real value but the random error in the answers to the
questions is measured, then the variance of the sum will be
the same as the sum of the variances of the individual items,
so the value of the coefficient will approach zero. Cronbach’s
alpha was 0.92, and the standardized coefficient was 0.898,
that is, it was close to 1 which indicates the high reliability
of the questionnaire. The questions that suggested receiving
answers in text form were considered separately. In order
to assess the representativeness of the sample, the entire set
of responses was randomly divided into equal parts, after
which Kendall’s T coefficient was calculated. It should be not-
ed that the aforementioned correlation coeflicient was cal-
culated for the questions suggesting receiving unambiguous
answers. The calculations showed that for all questions the
coeflicient approached one (1>0.64) and was statistically sig-
nificant (p<0.05). A comparative analysis between categori-
cal variables was carried out using the Pearson’s chi-squared
test x2. Regarding continuous variables, F-test was used for
a comparative analysis. For a comparative analysis of indica-
tors of the current state of well-being of families, depending
on the cluster, average ranks of indicators r were calculated
and Kruskal-Wallis H test was used. The figure a=0.05 was
taken as the level of statistical significance. At the same time,
the article gives the exact values of the p-level, and in the case
when its value was less than 0.0001, it was noted that p<0.01.
Statistical processing of raw data was carried out with the use
of the computer program Statistica 10.0 and its additional
module Data Mining. In the course of the research cluster-
ing was implemented through the use of Data Mining, with
the help of which families with children were divided into
clusters via the k-means clustering. Data Mining is an intel-
lectual analysis of data, with the help of which artificial intel-
ligence means based on the processing of input data reveal
hidden patterns. Moreover, in this module the division of
the set of input data into clusters was carried out automati-
cally, and the decision on the number of clusters was taken
using cross-validation, in particular V-fold cross-validation
which allows selecting and evaluating the best solutions to
the problem of clustering mission automatically. Therefore,
having analyzed continuous and categorical variables (a total
of 74 indicators, 36 of which are categorical variables), the
respondents were divided into two clusters. Depending on
the type of question, respondents were asked to choose one
of the answers, several answers, or to rank the suggested
answers in order of their importance. Data mining allows
to analyze text data. This approach was used to analyze the
answers to the questionnaire without prior coding.

Results

A comparative analysis of parents’ answers using
k-means clustering showed that the families that partici-
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pated in the research were divided into two clusters. The
centroids for clustering are presented in the figure (Fig. 1).
At the same time, 62.3% (n = 66) of families were

included into Cluster 1 (families with a low level of physical st | Aecofchiden School-age children
activity), and the remaining 37.7% (n = 40) formed Cluster Lehid | mberofchiden 2 children
2 (families with a medium level of physical activity). The Somgines HPA dlasses s v
responding families differ statistically significantly (p HPA hours per weck 46 hours
< 0.05) in terms of the age of the children, overweight of thothom Times oflow HPA S
parents, lifestyle, sports activities in childhood, previous vt Family's level of PA auv
physical activity experience, the systematic character of Low Usago of winter kinds Medium
health-improving physical activities together with their Sormctimes | Lowlofstishotionvih iy ie__| Yes
child/children, the awareness of how active family leisure Mol | Durion of walks on weck days and cays o | Yes
affects the well-being of the family, the desire to devote more | Passive rest on week days | Up to 1 h/1-2 hours.
time to active rest, unhealthy habits of parents - in total, Numberof davs of active rest/walks |

according to 23 categorical indicators. Depending on the
cluster, parents prefer different types of active family leisure,
have different skills to organize active family rest based on
health-improving and recreational technologies, devote
different amounts of time to active family rest, etc. (Table 1).

Fig. 1. The centroids for clustering respondents using k-means
clustering

Table 1. A comparative analysis of parents’ answers (nominal measurement scale), n=106

Statistical calculations

No. Questionnaire questions supposing receiving text information df 2 p-level
1 Specify the period of your family life 2 4,36 0,1132
2 How many children do you have? 2 4,14 0,1259
3 What is the age of your children? 3 35,78*  0,0000
4 Do you have any chronic diseases? 3 9,88* 0,0196
5  Are you overweight? 3 4,98 0,1731
6  How can you describe the lifestyle of your family? 2 13,14 0,0014
7 Did you go in for sports in your childhood? 3 12,12 0,0070
8  Isyour professional activity related to physical education and sports? 3 2,38 0,4976
9 Do you regularly engage in health-improving physical activities together with your child/ 2 6,85* 0,0326

children?
10 How much time per week do you usually devote to active family rest? 3 42,02*  0,0000
11 Do you know how to organize active family rest based on health-improving and recreational 2 0,71 0,6997
technologies?
12 Do you know how active family rest impacts the family well-being? 2 2,31 0,3154
13 What kinds of active family leisure do you prefer? 43 81,48*  0,0004
14  What period during the year does your family have less active leisure? 3 35,19*  0,0000
15 Do you care about the state of health of your family members? 1 9,56* 0,0020
16 ~ What measures do you take to preserve the health of your family members? 38 72,82*  0,0006
17 What prevents you from engaging in health-improving and recreational activities? 14 35,67 0,0012
18 How do you assess the level of family well-being? 3 18,61*  0,0003
19 How do you assess the level of physical activity of your family members? 3 34,22 0,0000
20 Would you like to expand your knowledge on organizing active leisure? 3 0,50 0,9188
21 How do you assess the level of satisfaction with your family leisure? 3 22,89*  0,0000
22 Do you use winter types of recreation in the organization of active leisure? 2 39,30*  0,0000
23 Would you like to use winter types of recreation in the organization of active leisure? 2 11,45%  0,0033
24 Would you like to devote more time to active recreation? 3 5,21 0,1572
25 Thinking about your family life do you feel satisfied? 3 7,17 0,0666
26 How much time do you usually devote to active family leisure on weekdays? 4 4,65 0,3256
27 How much time do you usually devote to active family leisure on days off? 4 13,81 0,0079
28  How satisfied are you with the availability of places for active family leisure? 2 6,59* 0,0371
29  How important is joint active family leisure for your family? 2 2,66 0,2640
30 Do you have any unhealthy habits? 3 2,42 0,4906
31 How long do your walks usually last on working days? 4 12,74 0,0126
32 How long do your walks usually last on days oft? 4 18,49*  0,0010
33 How much time do your children usually spend passively resting on working days? 4 20,16*  0,0005
34 How much time do your children usually spend passively resting on days off? 4 6,00 0,1993
35 How do you usually spend time with your children? 50 95,12 0,0001
36 Do you have children of school age? 1 8,15* 0,0043

Note. * — in the case of proven statistically significant difference between indicators at p < 0.05 where df=n-1 is the degrees of freedom,
which are the number of answer options provided for a question in the questionnaire; x? is the Pearson’s chi-squared test, used for
the analysis of contingency tables; p-value is the achieved significance level
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Dividing families by the duration of recreational activi-
ties on days off made it possible to make sure that the ma-
jority of families of Cluster 2 (whose share was 87.5%) are
involved in health-improving and recreational activities for
more than 2 hours. At that time, Cluster 1 included 54.5% of
such families. There have been revealed differences in divid-
ing by the duration of family walks on weekdays with regard
to clusters. Among the families of Cluster 1, there are 13.2%
more those who do not take walks at all and 6.4% less of
those who take walks for more than 2 hours on weekdays. At
the same time, among them, 20.4% more families take walks
with a duration of up to 40 minutes, and 23.8% less of those
who walk in the fresh air on weekdays for over 40 minutes
up to 1 hour. A comparative analysis of the dividing families
by the duration of walks on days oft showed that Cluster 1
included 27.2% more families that either do not take walks
on days off at all, or their walks last up to 40 minutes. Among
the families of Cluster 2, no family indicated that they do
not have walks on days off or that their walks are short. In
the course of the research, dividing of families according
to the duration of passive recreation of their children was
studied. It was found that Cluster 2 included the families
in which 9.5% more children do not use passive recreation.
Among the families of Cluster 1, there are 30.0% more fami-
lies whose children have passive rest for 1-2 hours and 12.7%
more of those whose passive rest lasts for more than 2 hours
(Fig. 2).

The respondents differed in terms of separate evalua-
tions of the motives for engaging in active leisure and the
reasons that prevent them from it; evaluations of motives for
engaging in winter recreation and the reasons limiting their
opportunities; evaluations of the state of their families in
the current period; the number of days per week when they
engage in recreational activities on weekdays and days off,
as well as the number of days per week when they engage in
health-improving physical activity and take walks together
with their children. It is worth emphasizing that regardless
of the cluster, the ranks of motives for engaging in winter
recreation of the families do not differ among themselves
(Table 2). The research allowed establishing that, according
to the cluster to which the family was assigned, there were
found statistically significant (p < 0.05) differences between
them in the following ranks: hardening, moving games and
joint performance of physical exercise complexes as mo-
tives for engaging in active leisure time, lack of time, lack of
interesting offers, a low level of quality of services provided
by entertainment centers, limited budget, lack of knowledge
and skills in organizing active leisure, and lack of desire to
systematically engage in health-improving and recreational
physical activity as reasons that prevent from engaging in
active leisure, the results of ranking of reasons that prevent
from engaging in winter recreation activities, self-assess-
ment of the current state of the family according to all the
studied indicators, as well as the number of days when the
family was engaged in family recreation activities during the
previous week and the number of days when the family went
for a walk during the previous week.

The degree of family well-being was assessed with the
selected parameters that reflect the family condition in the
current period using a 10-point scale, where 0 is the worst
condition and 10 is the highest degree of satisfaction. A com-
parative analysis of the current state of family well-being
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Fig. 2. A comparative analysis of clustering of families by the
duration of children's passive rest (n=106):
@ no activities Eup to 40 min. @over 40 min.upto1roa. E11-2h. Eover2h.

made it possible to establish that according to all studied
indicators statistically significant (p < 0.05) differences can
be observed in the families, and the families of Cluster 2
have higher evaluations of indicators (Table 3). Dividing
families according to the level of family well-being showed
that Cluster 2 included all families with a high level of cur-
rent family well-being, and Cluster 1 consisted of families,
among which 47.0% have high, 37.8% — medium, and 15.2%
— low level. Obviously, families assigned to Cluster 1 have
untapped potential for achieving family well-being through
the use of active forms of leisure, in particular means of
health-improving and recreational physical activity.

Discussion

The analysis of literature on the subject shows that de-
spite the interest of scientists in increasing the level of fam-
ily well-being and the search for the latest technologies to
improve it, there are some contradictions between the com-
plexity of properly organizing active family leisure and the
lack of clearly defined connections with the components
of family well-being; the urgent need to increase the levels
of physical activity and family well-being and a lack of un-
derstanding of the factors affecting them (Agate et al., 2009;
Alonso et al., 2019; Taylor et al., 2012). Rational planning of
family leisure, taking into account the interests of all fam-
ily members while choosing the kind of family leisure con-
tribute to a high-grade rest and interesting spending of free
time. Active rest associated with various health-improving
and recreational activities is one of the constructive, socially
approved, and personally useful types of leisure activities
and recreation (Andrieieva et al., 2019; Galan et al., 2019,
2021; Yelizarova et al., 2020b). The importance of increasing
the level of HRPA in various population groups is indicated
in the works of numerous authors (Drozdovska et al., 2020;
Kashuba et al., 2021a,b). Besides, the value of using means
of HRPA to improve the quality and satisfaction with life
is emphasized (Alonso et al., 2019; Hakman et al., 2020;
Krutsevich et al., 2021). We have confirmed and expanded
the results of the research on the correlation between family
functioning and life satisfaction (Hodge et al., 2018; Wil-
liamson et al., 2019). Another result of this research was an
increase in the level of family well-being and life satisfaction
in the group with a higher level of participation in family
health-improving and recreational activities. In the course
of the research, families were divided according to the levels
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Table 2. Comparative analysis of parents’ answers (rank measurement scale), n=106

Statistical calculations

. . . . . . . Total
No. Questionnaire questions supposing receiving numeric data (rank) Intergroup . F Jlevel
variance (df=1) variance p-leve
(df=104)
1 regular health-improving and recreational physical activities 3,38 431,72 0,81 0,3692
2 visiting resorts/sanatoriums 5,57 369,49 1,57 0,2135
3 walks in the fresh air 12,02 399,91 3,13 0,0800
4 hardening 20,58 361,45 5,92* 0,0167
5  visiting entertainment centres 0,41 442,53 0,10 0,7560
6 moving games 16,58 352,93 4,89% 0,0293
7  joint performance of physical exercise complexes 33,11 361,04 9,54*  0,0026
8 lack of free time 70,19 483,93 15,08*  0,0002
9 lack of interesting offers 85,31 323,60 27,42*  0,0000
10  low level of quality of services provided by entertainment centres 25,17 362,91 7,21%* 0,0084
11 limited budget 104,05 346,86 31,20*  0,0000
12 lack of knowledge and skills in organizing active leisure 52,20 362,37 14,98*  0,0002
13 lack of desire to systematically engage in health-improving and recreational 64,55 440,36 15,24 0,0002
physical activity

14 lack of reasons 15,49 561,05 2,87 0,0932
15 improvement of physical health of family members 1,00 341,00 0,31 0,5812
16 hardening of family members 4,68 358,77 1,36 0,2469
17  improvement of family well-being 0,01 380,72 0,00 0,9623
18 interesting and emotionally charged leisure 0,41 292,53 0,15 0,7023
19 common hobbies 0,49 363,85 0,14 0,7077
20 improving endurance and physical performance of family members 0,17 412,67 0,04  0,8350
21 improving mental performance 1,35 449,60 0,31 0,5779
22 lack of time 119,05 355,17 34,86*  0,0000
23 lack of interesting offers 81,65 309,76 27,41*  0,0000
24 low level of quality of services provided by entertainment centres 32,51 269,72 12,53*  0,0006
25 lack of knowledge 102,82 236,92 45,13* 00,0000
26 lack of skills in organizing active leisure 117,33 279,24 43,70* 00,0000
27  lack of opportunities to join organized leisure 99,70 343,90 30,15*  0,0000
28 lack of reasons 19,43 511,07 3,95%  0,0494
29  quality of family life 189,80 628,16 31,42*  0,0000
30 state of health of family members 139,68 549,72 26,43*  0,0000
31 psychological climate in the family 136,74 595,79 23,87*  0,0000
32 level of social well-being of the family 177,61 518,24 35,64*  0,0000
33 level of satisfaction with everyday family life 115,05 531,60 22,51*  0,0000
34 usual emotional background 122,13 637,73 19,92*  0,0000
35 level of mutual support of family members 153,03 784,63 20,28*  0,0000
36  social activity of the family 97,67 605,84 16,77*  0,0001
37 number of days when the family was engaged in family recreation activities 54,24 260,22 21,68  0,0000
38 number of days when the family went for a walk 32,29 437,75 7,67* 0,0066

Note. * - in the case of proven statistically significant difference between indicators at p < 0.05 where df=n-1 is the degrees of freedom for
the between group variance, which reflects character variation in each cluster of parents, and df=n1+n2-2 is the degrees of freedom
for the total variance, which is calculated for the entire set of data; F is the Fisher’s test; p-value is the achieved significance level

Table 3. Well-being of families depending on the level of physical activity

Low level of physical Medium level of Statistical calculations

Indicators of the state of families in the current period activity physical activity
Xr r Zr r H P
quality of family life 2726,50 41,31 2944,50 73,61 28,28 <0,001
state of health of family members 2819,00 42,71 2852,00 71,30 22,42 <0,001
psychological climate in the family 2871,50 43,51 2799,50 69,99 18,97 <0,001
level of social well-being of the family 2686,00 40,70 2985,00 74,63 31,07 <0,001
level of satisfaction with everyday family life 2886,00 43,73 2785,00 69,63 18,10 <0,001
usual emotional background 2916,50 44,19 2754,50 68,86 16,38 0,0001
level of mutual support of family members 2978,50 45,13 2692,50 67,31 13,37 0,0003
social activity of the family 2827,50 42,84 2843,50 71,09 21,68 <0,001

Note. PA - physical activity, is the average rank of parameter; is the sum of the ranks; H is the Kruskal-Wallis test; p-value is the
achieved significance level
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of family well-being, physical activity, and satisfaction with
leisure time. In general, respondents are characterized by
good or satisfactory levels. More than half of respondents
with a sufficient level of physical activity rated their family
well-being and satisfaction with family leisure as high or
good. A more thorough examination of this issue reveals a
more complex connection between involvement in active
family leisure and well-being. Similar results are reported in
Townsend’s research indicating that family involvement in
leisure is an important predictor of elements of family well-
being from different perspectives (Townsend et al., 2017).
This confirms the importance of family in the formation of
a healthy lifestyle, communication skills, social integration,
and the formation of such positive psychological aspects
as self-esteem and moral values. Internal and external fac-
tors influence the organization and content of family leisure
(Bakiko et al., 2022). We have updated the information on
factors of external influence, that is the dependence of fam-
ily leisure time on the workload and professional activity of
parents, previous physical activity experience, family type
(in accordance with the period of being officially married),
an unformed culture of family leisure, lifestyle, etc. There
have been specified innovative forms of leisure activities, in
particular, winter types of recreation suitable for families for
the following reasons: relative financial availability, conve-
nient location, availability on days off, independence from
the season, and weather conditions. Provisions regarding
ensuring the proper quality and satisfaction with life and
family well-being through HRPA, approaches in the direc-
tion of forming an appropriate level of physical activity, and
the connection of well-being with the level of physical activ-
ity of families have gained further development.

Conclusions

The relationship was identified between the level of
health-improving and recreational physical activity and
family well-being. Thus, the families that participated in the
survey by the cluster analysis method were divided into two
clusters with a medium and a low level of physical activ-
ity. Such families differ significantly (p < 0.05) according to
23 categorical indicators. Depending on the cluster, parents
prefer different types of active family leisure, have differ-
ent skills in organizing active family recreation based on
health-improving and recreational technologies, and devote
different amounts of time to active family recreation. All
families with a high level of the current state of family well-
being belonged to Cluster 2 (with a medium level of physical
activity). Only 47.0% of families included in Cluster 1 (with
a low level of physical activity) have a high level of family
well-being, which indicates the need to increase the level
of their health-improving and recreational physical activity.
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B3AEMOB’A30K MI>K PIBHEM 03OPOBYO-PEKPEALIINHOI
PYXOBOI AKTUBHOCTI | CIMEVMHUM BJIAFOMNMONYYYAM

Onena Anapeesa'*5c?, [imurpo Manbues'*5<P, Biraniit Kaury6a'A®<E, Irop Ipuryc’ABCPE,
€prenia 3axapina* 5, Aunpiit Bingrok**5CE, Tapiym Ckanbcki**BCE, Cepriit I'ynpman?A5CE

'HanionanbHuii yHiBepcuteT (isM4HOro BUXOBaHHA i CIOpTy YKpaiHu
*HarionampHMil YHiBepCUTET BOLHOTO FOCIIOAAPCTBA TA IPUPOZOKOPUCTYBAHHA
*HauioHanbHuMi yHiBepcuTeT «3anopisbKa MOMTiTeXHiKa»

‘ImaHcbKUIT YHiBepcuTeT (isMYHOrO BUXOBAHHA i CIOPTY

Pedepar. Crartst: 8 c., 3 TabL., 2 puc., 33 mxepena.

Mera goCIimKeHHA — OLIIHUTY B3aEMO3B A30K MDXK piBHEM 03[0pOBYO-peKpealiiiiHOi pyX0oBOl aKTMBHOCTI Ta CiMelTHUM
671aTOTIOTY TUAM.

Marepiamu Ta MmeTogu. TeopeTuyHMit aHasIi3 JaHUX CIeliaTbHOI HAYKOBO-METOAMYHOL /IiTepaTypH, y3arajbHeHHS,
CHCTEMATH3AIlisI, COLIONOTIYHI METOAM JOCTI/KEHH, METOAM MAaTeMaTUIHOI CTaTUCTUKN. JlOCTimKeHHs cepef 6aThKiB
IPOBOAM/IOCS LIISIXOM OHJIAMH-aHKETYBaHHsI Yepe3 3allOBHEHHS OHAlH-aHKeTH, CTBOPEHOI 3a JOIIOMOIO0 IyI-(hopM.
Y pocnmimkenHi B3sm ydactp 106 cimerinux map. [lepeBakna 6i1bpLIicTs HoCmimKeHnx cimeit (95,1%) Mann Ko ABOX HiTeit
(moLIKiIBPHOTO Ta MIKITBHOTO BiKY).

PesynwpraTn. Pecrionnentu 6y pospineHi 3a piBHeM pyxoBoi akTuBHOCTI. Jlo Kmactepy 1 yBifmmm ciM’1 3 HUSBKUM
piBHEM PyXOBOIaKTMBHOCTI, 1O K/IacTepy 2 — i3 CepeiHiM piBHEM PyX0BOi aKTMBHOCTI. 3a/IeXKHO Bifj piBHA pPyX0BOi aKTMBHOCTI
BUSIB/IEHO CTATUCTUYHO 3Hauyi (p < 0,05) BiAMIHHOCTI MDX CIM’SIMM 3a TaKMMU IapaMeTpaMi: MOTUBALIiA 4O 3aHATTS
AKTVBHJM JO3BI/ULAM, KiIBKICTD BIIbHOTO 4acy, piBeHb 3HaHb Ta BMiHb IIO/I0 OpraHisalii aKTMBHOTO JO3BI/ULA, IPUYMHI,
1[0 HepeNIKO/PKAITh aKTUBHOMY BignoumHky Tomo. CimM’1 BiporifgHo Bifpisusmucs (p < 0,05) 3a 23 kaTeropiaabHUMU
napamMeTpaMiu. BusAsieHo Npu4mHY, AKi NepelIKoKaloTh y4acTi B 03[JOPOBYMX Ta peKpealiiiHNX Mporpamax pyXoBoi
akTMBHOCTI. ITopiBHAIBHMII aHA/Ii3 IOTOYHOTO CTaHY CIMEITHOro 0JIaroIoayY4s BUABMB CTATUCTUYHO 3Hauyi (p < 0,05)
Bi]MIHHOCTI 3a BCiMa HOCI/PKYyBaHMMM IapaMeTpaMyt MDK ciM'siMu 3 pisHuM piBHeM (pisudHOI aKTUBHOCTI, TOOTO CiM'T
3 HAJIOKHUM piBHeM (i3N9HOI aKTMBHOCTI MasIy BUILi MOKA3HUKY 3a[JOBOIEHOCTI, Z06po6yTY Ta sikocTi kurtst. Huspki
MOKA3HNUKY CIMEITHOTO O/1arOmo/MyYds CBifYaTh MPO AOLIIBHICTD 3a/My9eHHs TaKMX CiMell IO aKTMBHOTO BifIIOYMHKY Ta
HiABUIEHHSA PiBHA 03J0pPOBYOI Ta peKpealliliHOl pyX0BOI aKTMBHOCTI.

BucHoBKku. BusaBIeHO 3B’A30K MiX piBHEM 0340pOBYO-peKpealiiiHOl pyXoBOi aKTMBHOCTI Ta IIOKa3HUKaMMU
3aJI0BOJICHOCT], CIMEITHOTO O/1arONOTyYds Ta AKOCTI XKMUTTH.

KnrouoBi c1oBa: akTUBHE [JO3Bi/I/Is1, 3aJ0BOJIEHICTD, AKICTh CIMEITHOTO YKUTTsI, 3MMOBII BiJIIOYHOK.

Information about the authors
Andrieieva Olena: olena.andreeva@gmail.com; https://orcid.org/0000-0002-2893-1224; Department of Health, Fitness and
Recreation, National University of Ukraine on Physical Education and Sport, Fizkultury St, 1, Kyiv, 03150, Ukraine.
Maltsev Dmytro: maltsev1994@ukr.net; https://orcid.org/0000-0003-2127-3385; Department of Health, Fitness and Recreation,
National University of Ukraine on Physical Education and Sport, Fizkultury St, 1, Kyiv, 03150, Ukraine.
Kashuba Vitalii: kashubavo@gmail.com; https://orcid.org/0000-0001-6669-738X; Department of Kinesiology and Physical Culture
and Sports Rehabilitation, National University of Ukraine on Physical Education and Sport, Fizkultury St, 1, Kyiv, 03150, Ukraine.
Grygus Igor: grygus03@ukr.net; https://orcid.org/0000-0003-2856-8514; Institute of Health Care, National University of Water
and Environmental Engineering, Soborna St, 11, Rivne, 33028, Ukraine.
Zaharina Evgeniia: zaharinaevgenia@gmail.com; https://orcid.org/0000-0002-0222-3385; National University “Zaporizhzhia
Polytechnic”, Zhukovsky St, 64, Zaporizhzhia, 69063, Ukraine.
Vindyk Andriy: vindykktgg@gmail.com; https://orcid.org/0000-0001-5495-4350; National University “Zaporizhzhia
Polytechnic”, Zhukovsky St, 64, Zaporizhzhia, 69063, Ukraine.
Skalski Dariusz: dskalski60@gmail.com; https://orcid.org/0000-0003-3280-3724; Department of the physical culture, Gdansk
University of Physical Education and Sport, Kazimierza Gérskiego St, 1, Gdansk, 80-336, Poland.

Hutsman Serhii: s.vhutsman@nuwm.edu.ua; https://orcid.org/0000-0002-1817-6835; National University of Water and
Environmental Engineering, Soborna St, 11, Rivne, 33028, Ukraine.

Cite this article as: Andrieieva, O., Maltsev, D., Kashuba, V., Grygus, L., Zaharina, E., Vindyk, A., Skalski, D., & Hutsman, S.
(2022). The Correlation between the Level of Health-Improving and Recreational Physical Activity and Family Well-Being.
Physical Education Theory and Methodology, 22(3s), $94-S101. https://doi.org/10.17309/tmfv.2022.3s.13

Received: 29.07.2022. Accepted: 22.09.2022. Published: 30.11.2022

This work is licensed under a Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0).

S101



Teoria ta Metodika Fizicnogo Vihovanna

Teopia Ta MeToAanKa $i3NYHOro BUXOBaHHA
Physical Education Theory and Methodology

ISSN 1993-7989 (print)
ISSN 1993-7997 (online)
ISSN-L 1993-7989

ORIGINAL SCIENTIFIC ARTICLE

DEVELOPMENT OF AN INSTRUMENT BASED ON SALIENT BEHAVIORAL
BELIEFS TO MEASURE ATTITUDE TOWARDS PHYSICAL EDUCATION

Moroo Mario'*B°PE and Anindita Das!'ABP

'Lakshmibai National Institute of Physical Education

Authors’ Contribution: A - Study design; B - Data collection; C - Statistical analysis; D - Manuscript Preparation; E - Funds Collection

Corresponding Author: Moroo Mario, E-mail: moroolive@gmail.com

Accepted for Publication: September 29, 2022
Published: November 30, 2022

DOI: 10.17309/tmfv.2022.3s.14

Abstract

Study purpose. The study purpose was to develop an instrument to measure students’ attitude towards physical

education through salient behavioral beliefs.

Materials and methods. The participants of the study were both boys and girls of grades 7 to 10 from the state

of Manipur (India) in the first, second and fourth phase. In the first phase, based on the recommendation of the
theory of reasoned action and its extension, the theory of planned behavior, an elicitation study was conducted

using open-ended questions, where a total of 308 student responses were collected. The student responses were used
to develop items through content analysis. In the second phase, i.e. content validity study, a total of 5 experts were
recruited to evaluate the developed items from the elicitation study. In the third phase i.e. pilot study, out of the total
of 123 student responses, 104 student responses were found to be usable for analysis. In the fourth phase, i.e. main
study, out of the total of 433 student responses, 377 student responses were found to be usable for analysis.

Results. Due to lack of good model fit from the pilot study, a second exploratory factor analysis was conducted

with the first half of the main study data which produced a three-factor model, and this model was tested with
confirmatory factor analysis with the other half of the main study data. The model fit indices were found to be
appropriate, and also the composite reliability and construct validity were found to be appropriate.

Conclusions. This belief-based attitude measuring instrument was found to be valid and reliable for grades 7 to 10 in
the Indian physical education context, i.e. schools which incorporate both yoga and physical education in the general

physical education curriculum.

Keywords: attitude, physical education, salient behavioral beliefs, theory of reasoned action, theory of planned

behavior.

Introduction

In our daily lives, physical activity is crucial. The goal
of physical education isn’t for students to engage in physi-
cal activity solely during school hours. The ultimate desir-
able outcome of physical education would be for students to
engage in enough physical activity each day and to instill a
lifelong habit of staying active. Otherwise, physical educa-
tion is reduced to a simple subject that is exclusively taught
in schools.

The growing prevalence of obesity in India makes em-
phasizing the necessity of physical activity even more impor-
tant. Obesity has risen substantially as a result of a sedentary
lifestyle and a high-calorie diet (Ahirwar & Mondal, 2019).
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In India, the majority of children are found to be sedentary
and they do not meet the recommended levels of physical ac-
tivity (Katapally et al., 2016). In this aspect, physical educa-
tion can be an effective tool for reducing obesity and increas-
ing physical activity however, it is critical to know whether
students have a positive experience with physical education
in schools. According to Fishbein and Ajzen (1975), experi-
ences may form either positive or negative beliefs and hence
either positive or negative attitude towards an object. The
attitude object referred in this study is physical education.
Assessing attitude may lead us to know whether students are
having a positive or negative experience of physical educa-
tion in schools.

Subramaniam and Silverman (2007) stated that the
physical activities that students participate during physical
education should have personal value for them and make
them feel like active learners. We can prepare teenagers for
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lifetime physical activity involvement through this active
and meaningful engagement. Studies such as Solmon and
Lee (1996) and Wallhead and Buckworth (2004) (as cited in
Phillips & Silverman, 2012) found that in order to persuade
students to engage in physical activity outside of school,
it has been proposed that positive experiences in physical
education and the development of favorable attitudes about
physical activity are prerequisites.

Attitude is an indicator of how much a person likes or
dislikes an object, and «object» is used in a general sense to
refer to any aspect of the personal world (Ajzen & Fishbein,
1980). They also stated that the more positive a person’s at-
titude toward an activity is, the more likely he should aim to
engage in that conduct; the more negative his attitude is, the
more likely he should avoid engaging in that behavior and
vice versa.

Ajzen and Fishbein’s (1980) the theory of reasoned
action (TRA) and also the extension developed by Ajzen
(1991) the theory of planned behavior (TPB) has guided
this study. According to Ajzen (1991), salient beliefs must
be obtained from a sample of respondents who are typical
of the research population. If a set of belief statements are
chosen at random or based on intuition, many associations
to behavior that are not salient in the population will be
included. Also, salient beliefs may differ from context to con-
text. In India, the difference in physical education context
is that Yoga is part of the physical education curriculum in
schools, meaning to say that both yoga and physical educa-
tion comes under the general physical education curriculum
(National Curriculum Framework, 2005). Obtaining salient
beliefs from the Indian physical education context is im-
portant. Therefore, adapting or using existing comparable
instruments may do injustice although Subramaniam and
Silverman (2000), Montalvo and Silverman (2008), Phillips
and Silverman (2012) and Constantinides and Silverman
(2018) were existing comparable instruments which have
sound attitude and psychometric theory.

Salient beliefs are those that immediately spring to mind
when thinking about the object and function as the domi-
nant factors determining the attitude (Ajzen & Fishbein,
1980; Fishbein & Ajzen, 1975). Specifically, in this study out
of the three kinds of salient beliefs only behavioral beliefs
was considered since this is assumed to influence attitudes
toward the behavior. On the other hand, the other two sa-
lient beliefs such as normative and control beliefs are not
related to attitude (Ajzen, 1991; Ajzen & Driver, 1991).

The summative belief index and a person’s attitude are
directly correlated. This type of measurement of attitude can
also be termed as belief-based measure of attitude (Ajzen,
1991) and also in research from Sutton et al. (2003) found
that positive salient beliefs have positive attitudes. Thus, de-
veloping a closed-ended instrument based on salient behav-
ioral beliefs to measure attitude towards physical education
among school students i.e. classes 7 to 10 was the objective
of the study.

Materials and methods

Study participants

In the first, third and fourth phase, the participants of
this study included both boys and girls of classes 7 to 10

from the state of Manipur (India). And in the second phase,
5 experts were recruited for the purpose of content validity.

Study organization

All the phases of data collection were conducted through
online using Google forms due to Covid-19 restrictions and
the responses were limited to only one throughout.

First phase: Elicitation study - In this phase, open-ended
questions were used to elicit salient behavioral beliefs as it is
recommended in the TPB. Table 1 shows the open-ended
questions. Ajzen and Driver (1991) and Phillips (2011) re-
searches were used to create questions 1 and 2. Questions
3 and 4 were based on Ajzen and Driver’s research (1991).
Questions 1 and 2 were related to experiential and questions
3 and 4 were related to instrumental.

Purposive sampling was used to pick four schools from
the state of Manipur (India) which included two private
schools and two central schools to suit the goal of this study
i.e. only schools that incorporate both yoga and physical
education in the general physical education curriculum.
Permission was obtained from the principals of the chosen
schools, after which the open-ended questions (URL link
using Google forms) were sent to physical education teach-
ers, who subsequently forwarded to students of classes 7 to
10 via social media (WhatsApp). The demographic variables
included gender and classes but did not include school and
student name for anonymity reason. Participation by the
students was voluntary. A total of 308 student responses
were collected and kept in Google Sheets. Content analysis
was used to develop closed-ended items. Basically, according
to Ajzen and Fishbein (1980) the identical salient behavioral
beliefs produced by various students are recognized and
categorized as the same. It is also referred as modal salient
behavioral beliefs. To illustrate, identical salient behavioral
beliefs found in this study from three students’ responses
were “I don’t enjoy yoga class because it’s boring to me,’
“I don’t enjoy yoga class because it is boring” and “I don’t re-
ally like yoga because I am not really into yoga as it is boring
for me,” were considered as same i.e. these three responses
of identical salient behavioral beliefs became a single item as
“I don’t enjoy yoga in physical education class because it is
boring” This led to development of 24 closed-ended items
with another addition of a negative item making it 25 items.

Table 1. Open-ended questions

1. What do you enjoy in physical education class? Why?
2. What you don't enjoy in physical education class? Why?

3. What do you think are the advantages of physical education
class?

4. What do you think are the disadvantages of physical
education class?

Second phase: Content validity study — The 25 items were
subjected to content validity. Invitation letters were emailed
to experts, along with a URL link using Google forms which
included consent form that was included in the email itself.
Experts were chosen based on the profession of physical
education (Shrotryia & Dhanda, 2019). In total, five experts
from physical education profession consented to participate
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where four experts were academicians in physical education
with experiences ranging from 11 to 30 years and one was
a joint secretary at Central Board of Secondary Education,
Delhi with an experience in curriculum of physical educa-
tion for 20 years.

Thank-you emails were emailed to the experts who con-
sented to participate, along with a URL link for evaluating
the instrument (25 items) using Google forms, which was
included in the email itself. The experts determined whether
the items were necessary for measuring attitude towards
physical education. To each of the 25 items, the experts were
asked to choose from a three-point Likert scale that included
“Not essential”, “Useful but not essential” and “Essential”. The
expert responses were collected and stored in Google sheets.
All the expert judgments were submitted to content validity
ratio (CVR). According to Lawshe (1975), a CVR value of
-1 indicates that all experts disagreed on an item, whereas a
CVR value of +1 indicates that all experts agreed on an item.
CVR is positive when more than half of the experts suggest
“essential” to an item and negative when fewer than half in-
dicate “essential” to an item. When more than half of experts
rate an item as “essential’, it has some level of content valid-
ity. The formula for CVR is CVR = (ne - N/2)/N/2, where ne
= the number of experts who indicated «essential» to each
item and N = the total number of experts. Based on the CVR
values, 18 items were retained for pilot study.

Third phase: Pilot study and statistical analysis - The
most typical response types utilized in attitude scales are
Likert items (Lovelace & Brickman, 2013). The 18 items
which was proved to having content validity was used for
measuring attitude towards physical education by using a 5
point Likert scale. Measurement of attitude in this way can
also be termed as belief-based measure of attitude (Ajzen,
1991).

Three central government schools were selected from
Manipur based on purposive sampling. Before administer-
ing the instrument, permissions were granted by Principals
to collect data. URL link using Google forms was created
and data was collected based on their consent and assent
to participate. It was administered via social media (What-
sApp) through the help of physical education teacher(s). The
participants comprised of classes 7 to 10 both boys and girls.
Anonymity in school’s name and student’s name was main-
tained throughout. A total of 123 student responses were
collected and stored in Google sheets. Out of the 123 student
responses, 104 student responses were usable for analysis.
Student responses which were not usable included incon-
sistent pattern of responses and straight lining responses.
For example, inconsistent pattern of responses were those
who agreed on the positive item and again agreed on the
negative item (reversed item). And straight lining responses
were those who had a same pattern of responses irrespec-
tive of the items. The presence of a negative item made easy
to recognize genuineness or lack of genuineness in student
responses. There were a total response of 42 males and 62 fe-
males. Responses of each class were class 7 = 37, class 8 = 20,
class 9 = 22 and class 10= 25. The 104 student responses us-
able for analysis were subjected to exploratory factor analysis
(EFA) where principal component analysis was used as the
extraction method with an oblique rotation i.e. direct ob-
limin. It produced a four factor model with 2 to 5 items in
each factor. 13 items were retained in this phase.

Fourth phase: Main study and statistical analysis — Data
was collected from eleven central schools of Manipur based
on purposive sampling. All the procedures for this phase
were the same as pilot study such as administration of the
instrument, permission from Principals, anonymity, con-
sent and assent to participate. The participants comprised of
classes 7 to 10 both boys and girls.

The 13 items which were retained with respect to ex-
ploratory factor analysis was used in this phase. A total
of 433 student responses were collected out of which 377
student responses were usable for further analysis. Student
responses which were not usable included incomplete re-
sponses and inconsistent pattern of responses. There were
a total response of 178 males and 199 females. Responses of
each class were class 7 = 118, class 8 = 103, class 9 = 74 and
class 10 = 82.

Statistical analysis

Confirmatory factor analysis (CFA) was employed to
check the four factor model produced by EFA of the pilot
study however the model fit was poor. Various methods was
tried such as removing items with standardized loading lower
than 0.50 and improving multivariate normality by removing
cases with respect to observation of Mahalanobis distance
of pl and p2 however, the model fit was poor. Due to the
lack of model fit, another EFA was conducted with first half
of the main study sample i.e. 188 student responses and the
other half of the sample i.e. 189 student responses was kept to
test the factor model through CFA. According to McDonald
(1999) (as cited in Silverman & Subramaniam, 1999), EFA
can be conducted again if there is a lack of model fit.

Results

In the first phase i.e. elicitation study, out of the total 308
student responses, identical salient behavioral beliefs were
identified and 24 closed-ended items were developed with
another addition of a negative item making it 25 items. Items
1 to 12 are instrumental and items 13 to 25 are experiential.
Table 2 shows the 25 items (note: neglect the CVR values in
this phase).

In the second phase i.e. content validity, items were re-
tained or rejected based on the CVR values, item number
10, 11, 12, 15, 17, 24 and 25 were rejected since CVR values
were negative which also suggested that half of the experts
did not agree on those items. Item number 19 had negative
CVR value however at least one negative item was retained
in order to check for inaccurate reflection of response. Item
number 19 is basically a reversed of item number 18. Items
of positive CVR values ranged from 0.2 to 1. In total, out of
the 25 items 18 items were retained i.e. 17 positive items and
1 negative item. Table 2 shows the 25 items with CVR values.

In the pilot study analysis, the usable 104 student re-
sponses were taken and EFA was applied. It showed Kaiser-
Meyer-Olkin (KMO) as 0.854 and Bartlett’s test of sphericity
showed it was significant since p-value was below 0.05. Both
of these values are deemed as appropriate for running EFA
(Hair, L.D.S. Gabriel, et al., 2019). Communalities of the
variables which were retained ranged from 0.614 to 0.871
and thus considered as appropriate (Hair, Black, et al., 2019).
Total variance explained was 75.346 and thus deemed as ap-
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Table 2. CVR values for each items

Item Items ne CVR
No.

1 Physical education class gives me knowledge on health. 4 0.6
2 Physical education class teaches me how to keep myself healthy. 5 1

3 I get to learn about games in physical education class. 5 1

4 Physical education class teaches me self-discipline. 3 0.2
5 Physical education class improves my leadership skills. 4 0.6
6 Exercise is important in physical education class. 5 1

7 Physical education class helps me to improve my skills in games. 4 0.6
8 Physical education class helps me to learn teamwork. 4 0.6
9 Yoga is important in physical education class. 3 0.2
10 Physical education class is not important as other subjects. 1 -0.6
11 I gettired for the next class after physical education class. 1 -0.6
12 Physical education class wastes my time. 1 -0.6
13 Ienjoy yoga in physical education class. 3 0.2
14  Ienjoy games in physical education class because it is fun. 5 1
15 Idont enjoy yoga in physical education class because it is boring. 1 -0.6
16  Ienjoy exercise in physical education class. 5 1
17 Idon’t enjoy games in physical education class. 2 -0.2
18  Ienjoy playing games with my friends in physical education class. 5 1
19 I don't enjoy playing games with my friends in physical education class. 1 -0.6
20  Ienjoy exercise with my friends in physical education class. 5 1
21 I enjoy learning new activities in physical education class. 4 0.6
22 Ienjoy playing different types of games in physical education class. 4 0.6
23 Ienjoy learning new games in physical education class. 5 1
24 Idon't enjoy repeating the same activity in physical education class. 2 -0.2
25 I don’t enjoy excessive exercise in physical education class. 2 -0.2

propriate (Hair, L.D.S. Gabriel, et al., 2019). Recommended
factor loadings were considered and the values ranged from
0.576 to 0.911 which were all above 0.50 (Hair et al., 2014).
Following the extraction as PCA with a direct oblimin rota-
tion, four factors were retained. The items under each factors
ranged from two to five consisting a total items of thirteen.
Table 3 shows the retained items after EFA. Items 1, 6, 8,
9, 12 and 13 are experiential and the rest of the items are
instrumental.

In the main study, the usable 377 student responses were
taken for analysis. Owing to the lack of model fit, we con-
ducted another EFA with the 13 items from the main study
sample. EFA was conducted with first half of the main study
samplei.e. 188 student responses using PCA as the extraction
method with an oblique rotation i.e. promax led to retention
of 10 items with a three-factor model where three to four
items were present in each factors. The Kaiser-Meyer-Olkin
(KMO) observed was 0.773 and Bartlett’s test of sphericity
showed it was significant since p-value was below 0.05. Com-
munalities of the variables which were retained ranged from
0.502 to 0.845 which was considered as appropriate. Total
variance explained was 66.519 and also the factor loadings
values ranged from 0.528 to 0.916 which were all above 0.50
which were deemed as appropriate. Table 4 shows the pat-
tern matrix from the first half of the main study sample (188
student responses) and the three-factor model produced
and the items retained in each factor. The three factors were
named as other activities (OA), health (H) and games (G).

This was followed by CFA to test the three factor model
as shown in table 4 with the other half of the main study
sample i.e. 189 student responses. Multivariate normality
could not be fulfilled although 24 cases were deleted by ob-

Table 3. Retained items after EFA of pilot study

I
tem Items

1 Ienjoy playing games with my friends in physical
education class.

2 Physical education class helps me to learn teamwork.

3 Physical education class improves my leadership skills.

4 Exercise is important in physical education class.

5 Yoga is important in physical education class.

6 1don't enjoy playing games with my friends in physical
education class.

7  Physical education class helps me to improve my skills in
games.

8 TIenjoy games in physical education class because it is fun.

9 TIenjoy exercise with my friends in physical education
class.

10 Physical education class gives me knowledge on health.

11 Physical education class teaches me how to keep myself
healthy.

12 I enjoy exercise in physical education class.

13 T enjoy yoga in physical education class.

serving Mahalanobis distance of pl and p2. Due to non-
multivariate normality, generalized least square estimation
was used. However, the deletion of 24 cases simultaneously
led to improvement in model fit. In addition to this, two
more items were deleted since their standardized loading
was below 0.50 and this also contributed to improvement in
model fit. This follows the recommendation of Awang (2015)
that deletion of item(s) in CFA should not exceed more than
20% of the overall items.
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Table 4. Three-factor model produced and the items
retained in each factor

Table 5. Composite reliability, convergent and discriminant
validity

Pattern Matrix CR AVE MSV MaxR(H) H OA G
e Component H 0.782  0.642 0.354 0.788 0.801
Other activities Health Games OA 0801 0.577 0.560 0.833 0.595 0.760
Item 12 768 G 0.800  0.573  0.560 0.815 0.453 0.748 0.757
Item 8 744
Ttem 9 625 Table 6. Final items with respective constructs
Item 13 .549 Construct 1: Other activities (OA)
Item 11 865 I enjoy exercise in physical education class.
Item 10 800 I enjoy exercise with my friends in physical education class.
I enjoy yoga in physical education class.

Item 3 >80 Construct 2: Health (H)
Item 1 916 Physical education class teaches me how to keep myself
Item 6 802 healthy.
Ttem 2 598 Physical education class gives me knowledge on health.

Extraction Method: Principal Component Analysis.
Rotation Method: Promax with Kaiser Normalization.
a. Rotation converged in 6 iterations.

Goodness of fit index (GFI) greater than 0.90 indicates
a good fit (Kline, 2005). Root mean square of error approxi-
mation (RMSEA) should be below 0.08 (Browne and Cu-
deck, 1993). Adjusted Goodness of Fit (AGFI) should be
above 0.90 (Tanaka and Huba, 1985). Values of the Com-
parative Fit Index (CFI) higher than around 0.90 may signify
that the model fits reasonably well (Kline, 2005). Chi-square
fit statistics/degree of freedom (CMIN/DF) does not exceed
the value of 3 (Kline, 2004). Standardized Root Mean Square
Residual (SRMR) should be 0.05 or less (Byrne, 2010).

The model fit indices in this study were GFI = 0.959,
RMSEA = 0.059, AGFI = 0.914 and CFI = 0.916, CMIN/DF
=1.568 and SRMR =0.018. Figure 1 shows the CFA diagram.

Fig. 1. CFA diagram

Stats tools package offered by Gaskin, J. (2016) has been
used for the calculations of composite reliability, convergent
and discriminant validity. The standardized loading esti-
mates for all the variables were higher than 0.50. In table 5,
the composite reliability (CR) values such as, other activities
(OA) = 0.801, health (H) = 0.782 and games (G) = 0.800
which proves construct reliability since the values were
higher than 0.70. The average variance extracted (AVE)
values were higher than 0.50 for all the three constructs

Construct 3: Games (G)

I enjoy playing games with my friends in physical education
class.

I don't enjoy playing games with my friends in physical
education class.

Physical education class helps me to learn teamwork.

which prove sufficient convergent validity. The AVE value
was higher than the maximum shared variance (MSV) value
for all the three constructs proving discriminant validity.
Table 6 shows the final items retained with their respective
constructs.

Discussions

The items found in this study can be considered as
unique since they are salient in this specific context i.e.
schools which implements both yoga and physical educa-
tion in the general physical education curriculum. Yoga
item, “T enjoy yoga in physical education class” shows the
difference in physical education context (table 6: construct
1). Yoga items were not found in existing comparable in-
struments. In previous studies, one of the reasons why yoga
items were not found might be that yoga is not part of the
physical education curriculum in their country.

In this study, particularly the items of instrumental and
experiential overlapped (table 6: construct 3). Although, ini-
tially the questions pertaining to table 1 had separate ques-
tions for instrumental and experiential, the EFA pattern
matrix indicated an overlapping of items (table 4: factor 3).
In the case of Subramaniam and Silverman (2000), Mon-
talvo and Silverman (2008), Phillips and Silverman (2012)
and Constantinides and Silverman (2018), their studies
had separate items for factors (cognitive and affective) and
sub-factors and those determined attitude towards physical
education. These could be because of the model they have
used which is a dual component i.e. Affective and cognitive
factors (Bagozzi & Burnkrant, 1979; Oppenheim, 1992) and
that the rotation method they have used in EFA may have
been a forced rotation. Fishbein and Ajzen (2010), prefers to
use the factor i.e. cognitive and affective as instrumental and
experiential since items of these two can overlapped. In this
study, although initially the questions had separate factors
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however this was not the case as the items of instrumental or
experiential overlapped after applying EFA. However, both
these items of instrumental and experiential measures the
same thing i.e. attitude and so was the case in Ajzen and
Driver (1991). It is also not always assured that both items
of instrumental and experiential will be included in the final
scale and a valid scale to measure attitude need not always
necessarily include both instrumental and experiential items
(Fishbein & Ajzen, 2010).

The results of this study found that this new instrument
for measuring attitude towards physical education based on
salient behavioral beliefs were found to be valid and reliable
for school students i.e. classes 7 to 10. This new instrument
for measuring attitude towards physical education in the
Indian physical education context is particularly for those
schools which implements both yoga and physical educa-
tion in the general physical education curriculum. The ma-
jor strength of this study is that the development of this
instrument to measure attitude towards physical education
is based on salient behavioral beliefs and hence can be more
appropriate since they are salient in this physical education
context of India (only schools which incorporate both yoga
and physical education in the general physical education
curriculum). However, even though it is based on salient
beliefs, one of the limitations in this study is that the in-
struction in the elicitation study was “Write your experi-
ences of the past Physical Education class (not during the
Covid-19 situation)”. In the elicitation study as seen in Ajzen
and Driver (1991), the questions pertained to present and
not the past. In this study, elicitation based on covid-19 situ-
ation was not possible since physical classes were stopped
and therefore questions pertaining to elicitation as shown
in table 1 may not be appropriate if it was based during that
situation. Due to this reason, the students were asked to
write down the answers based on past experiences of physi-
cal education class i.e. before Covid-19 and this may create
a possibility to some inaccuracy of salient beliefs. Although,
we cannot determine precisely the effect of the elicitation on
the past experiences instead of the present physical educa-
tion classes on salient behavioral beliefs in this study, we
suggest that this instrument may be used to measure attitude
towards physical education since it may not necessarily alter.

This study found that other activities (OA), health (H)
and games (G) are the factors which determines attitude to-
wards physical education. Authorities of physical education
in India may be benefited by this study and take appropriate
action by considering the fact that these factors are influen-
tial in determining attitude towards physical education.

For future possible research, as Fishbein and Ajzen (1975)
stated that beliefs may change with different experience(s)
and therefore, we encourage that future work should go for
an elicitation study as per Ajzen and Driver (1991). Also, de-
velopment of attitude instrument with belief-based for other
classes is a possible research.

Conclusion

This instrument which has been developed to measure
attitude towards physical education based on salient behav-
ioral beliefs in this context has been found to be valid and
reliable. This instrument can be used to measure attitude
towards physical education for classes 7 to 10 and particu-

larly for schools which incorporate both yoga and physical
education in the general physical education curriculum it-
self. Also, this belief-based measure of attitude may be more
appropriate instead of adapting or using comparable existing
instruments since salient behavioral beliefs can be different
from region to region and also when there is a difference in
context i.e. physical education curriculum.
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PO3POBKA IHCTPYMEHTAJIbHOIO 3ACOBY HA OCHOBI
ABHUX NOBEAIHKOBUX NEPEKOHAHDb 411 BUMIPIOBAHHA
CTABJIEHHA A0 ®I3UNYHOIo BUXOBAHHA

Mopy Mapio'*EPE Ta Aninpira [Jac'A®P

"HarjionanpHuit iHCTUTYT isnyHOro BuxoBaHH: iMeHi Jlakimi bas

Pecpepar. Crarrs:: 8 ¢., 6 Tabr., 1 puc., 33 mreperna.

Merta gocnimxeHHsa. MeTow focmimkenHs 6yna po3pobka IHCTPYMeHTaTIbHOTO 3ac0o0y [/Isl BUMIPIOBAHHS CTaB/IEHHS y4HIB
o (’pisquoro BMXOBaHHA Ha OCHOBI iXHIX ABHMX ITOBE/iHKOBJX ITI€PEKOHAHbD.

Marepiany Ta MeTOY. Y YaCHIKaMY JOCTi/KEHHA B TPl [PyTili i yeTBepriit dhasi 6ymm xmomnui Ta fisyara 3i mrary Mani-
nyp (Iupis), sAxi Hapyamucs B 7-10 kracax. Y mepuriit ¢asi Ha OCHOBI peKOMeHallil Teopii apryMeHTOBaHOI fii Ta ii IpofoBKeHHs
- Teopii 3arIaHOBaHOI MOBEiHKM — 6y/I0 ITpOBefieHe TOCTi/KEHHA 3 BUAB/ICHHSA MOBEJiHKOBIUX NTePEKOHAHDb 3 BUKOPMCTAHHAM
BiIKPUTHX 3alIUTaHb, i B pe3ynbTaTi 6y710 3i6pano 3arazom 308 BixmoBizeit yuniB. Lli BiAoBini yYHIB BUKOPUCTOBYBAIN [Ist
PO3pOOKM TeCTOBUX 3alIMTaHb LIUIAXOM aHa/li3y 3MmicTy. Y mpyriit gasi, To6To mij yac goc/imKeHHs 3MicTOBHOI BaigHOCTI, 6y/10
3aJIy4eHO 3arajloM 5 eKCIEPTIB /s OLHKYM PO3PO6IeHNX TeCTOBMX 3allUTAHb, OfEP>KaHNUX i3 HOCTIIKEHHS 3 BYUAB/ICHHS TI0Be-
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IIHKOBUX IIEPEKOHaHb. Y TpeTiit ¢asi, TOOTO mij 9ac miIoOTHOTO HOCIi/KeHHs, OY/I0 BCTAHOBJIEHO, IO i3 3arajioM 123 Bigmosizge
y4HiB 104 BifmoBizi y4HiB NpuaaTHi 1 aHanisy. Y deTBepTiit ¢asi, TOOTO HiJ 4ac OCHOBHOTO JOCTIIKeHHs, 6Y/I0 BCTAHOBJICHO,
1o i3 3arasom 433 Bifmosife y4HisB 377 BifIoOBifeil y9HiB IPUIATHI /1A aHATIi3Y.

Pesynbratn. Yepes 6pak TOYHOro mifféopy Mofesi 3 MIOTHOrO HOCTiKEeHHs Oy/I0 MPOBELEHO APYTY OLiHKY (aKTOPHOI
CTPYKTYpU 3 IEPIIO0 II0JIOBMHOIO JaHMX OCHOBHOTO JAOCII/PKEHHs, Y pe3ynbrari sKoi O0y/0 ofiep)kaHo TpugaKkTopHy MOfieb, i
110 MOJIe/Ib TeCTYBa/IV 3 BUKOPUCTAHHAM OLIHKY (PaKTOPIB 3a pesy/IbTaTaMI CIIOCTEPEXKEHH 3 JPYTOI0 IIOJIOBMHO JAHUX OCHO-
BHOTO JOCIiIPKE€HHA. By/10 BCTaHOB/IEHO, 110 TOKa3HMKM TOYHOCTI r[i,u60py 1Ii€l MOJesi € HAJIKHUMMU, i TAKOXK 6y}10 BCTaHOBJIEHO,
1110 TIOKa3HMKM CTPYKTYPHOI HA[[iTHOCTi Ta KOHCTPYKTMBHOI BaTiJHOCTI € BifINIOBiTHIMI.

BucHoBku. By/o BcTaHOB/IEHO, 1[0 11€7T IHCTPYMeHTaIbHIII 3aCi6 BUMIpIOBaHHS CTaB/IEHHs HAa OCHOBI IIEPEeKOHAHD € IPYAT-
HVM 1 HaptiiianM st 7-10 x1aciB y KOHTeKCTi (Pi3sdHOro BMXOBaHH B IH/IT, TOOTO /IS MIKi, Y SIKMX 3ara/ibHi HABYa/IbHI IUIAaHN
3 (i3MYHOrO BUXOBAHHs Iepef0avatoTh i 3aHATTS 3 IOTH, i 3aHATTS 3 PI3MIHOrO BUXOBAHHSL.

KirouoBi crroBa: craBienHs, GisudHe BUXOBAHHS, sIBHI IOBEIIHKOBI IIEPEKOHAHHSI, TEOPis apryMeHTOBAaHOI Aii, Teopis 3a-
IJIAHOBAHOI MOBEIiHKI.
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Abstract

The purpose of this study was to experimentally substantiate the implementation of information and
communication technologies in test control of leg strength in the process of physical education of students.
Materials and methods. The methods used to obtain empirical data included pedagogical experiment, pedagogical
testing, mathematical methods for processing digital files, comparative statistical method, variance and correlation
analysis. The study participants were 240 students aged 17-19 at the beginning of the study.

Results. A developed device for determining leg muscle strength, built based on the latest information and
communication technologies, was presented. The developed design of the device involves the use of analog laser
distance sensors the information from which is sent to the processing unit via wireless infrared communication
devices and fed to the electronic computing device through an analog-to-digital converter. By calculating the
authenticity of the test exercise used to control leg strength, the use of the developed device in practical activities
was experimentally substantiated. According to the results of the correlation analysis, it was established that the
authenticity of control using the developed device has reached a high level.

Conclusions. A qualitatively new approach to increasing the effectiveness of control in physical education of students
was presented, which is implemented in the developed leg strength control device. The applied value of the results of
the conducted research is that the device developed based on information and communication technologies provides

a qualitatively new form of implementation of leg force control as well as processing and presentation of control
information. The use of the device in the practice of physical education of students ensures the effectiveness and high
efficiency of the control procedure, the result of which is the receipt of reliable data, which makes it possible to significantly
improve the quality and intensify control of this process to ensure the effectiveness of physical education of students.
Keywords: testing, control, physical education, student, leg strength, device, information and communication

technologies.

Introduction

At the current stage of society’s development, the devel-
opment of higher education is conditioned by rapid changes
dictated by the trends of the international educational space,
the requirements of the educational services market, and the

© Blavt, O, Iedynak, G., Pityn, M., Hluhov, L., Guska, M.,
Stadnyk, V., Zaikin, A., & Karatnyk, 1., 2022.
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demand for specialists who can meet the challenges and de-
mands of the international labor market. In the context of the
training of highly qualified specialists, physical education is
defined as one of the priority directions in the pedagogical
practice of a higher school (Koryahin, Mykytyuk, Blavt, Dol-
nikova, & Stadnyk, 2020; Shettar, Lathiwale, & Kulhalli, 2021).

The process of European integration increases the re-
quirements for the organization of physical education of stu-
dents and ensures its effectiveness. (Anikieiev, 2015). This
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necessitates the search for new means and methods, which in-
volves their intensive modernization to move to a qualitatively
new level of efficiency and scientific capacity. Information and
communication technologies (ICT) are considered a power-
ful factor in increasing the effectiveness of physical education
of students (Di Tore, Schiavo, & D’isanto, 2016; Koryahin,
Mykytyuk, Turchyn, Blavt, Prystynskyi, & Stadnyk, 2021).

Prospective use of ICT in solving problems of the effec-
tiveness of physical education of students is confirmed by ac-
tive research activities. A significant number of publications
are devoted to aspects of the use of modern ICT in physi-
cal education (Born, Nguyen, Grambow, Meffert, & Vogt,
2018; Koryahin, Blavt, Vanivska, & Stadnyk, 2020; Koryahin,
Mykytyuk, Blavt, Dolnikova, & Stadnyk, 2020). ICT is con-
sidered an important component of the educational process
(Gogoi, 2019), which provides the possibility of achieving
the goals of physical education in the high-quality train-
ing of higher education students (Born, Nguyen, Grambow,
Meftert, & Vogt, 2018; Kozina, Ol'khovyj, & Temchenko,
2016; Shettar, Lathiwale, & Kulhalli, 2021).

Researchers have proposed a wide range of ICT use in
physical education in health (Fisher, 2014; Alfrey, & Gard,
2014), educational (Gogoi, 2019; Born, Nguyen, Grambow,
Meffert, & Vogt, 2018; Koryahin, Mykytyuk, Blavt, Dol-
nikova, & Stadnyk, 2020) and training (Mullineaux, Bartlett,
& Bennett, 2011; Koryahin, Iedynak, Blavt, Galamandjuk,
Prozar, Zaikin, Veselovska, Golub, Kucher, & Gurtova, 2019;
Serrien, Tassignon, Verschueren, Meeusen, & Baeyens,
2019) areas. It has been proven that the introduction of ICT
makes it possible to effectively collect, process, and transmit
information, qualitatively change the methods and organiza-
tional forms of physical education for students.

The expediency of introducing modern ICT into the pro-
cess of physical education of students is substantiated. Several
studies cover the dimension of the implementation of control
in the pedagogical process of students physical education,
which is based on theories, concepts, and approaches to its
implementation at a qualitatively new level (Di Tore, Schiavo,
& D’isanto, 2016; Gogoi, 2019; O’Brien, Philpott, Lester, Bel-
ton, Duncan, Donovan, Chambers, & Utesch, 2021).

Despite the broad presentation of the introduction issue
of modern information technologies in the field of physi-
cal education, the specifics of ICT in the implementation
of control of physical education of students, as a correlator
of its effectiveness, is a dynamic issue, which provides an
opportunity to highlight constructive ideas and outline the
possibilities of their practical application.

Thus, the need for higher education to ensure the quality
of physical education, as well as the insufficient provision of
control in the process of physical education of students with
the latest technologies, contradicts the objective necessity of
educational practice, determined the choice of the topic of
our research.

The purpose of this study is experimental substantiation
to implement ICT in test control of leg strength in the pro-
cess of physical education of students.

Materials and methods

Research methods

The methods used to obtain empirical data were the
pedagogical experiment, pedagogical testing, mathematical
methods for processing digital files, comparative statistical

method, variance, and correlation analysis. Technical mod-
eling was used as a method of the empirical level of research.
Pedagogical testing involved determining muscle strength
traditionally and using a developed device.

Control of the level of leg strength development was im-
plemented using the specialized test exercise “Chair” (Magill
& Anderson, 2017). The expediency of using this test to con-
trol leg strength is because it is technically a fairly simple
exercise that does not require additional equipment. The test
involves maintaining a stable squat position, the knee angle
is 90 degrees, and the hips should be parallel to the floor.
A correctly methodically determined position is recorded
and maintained. The time of maintaining a stable position of
the body is recorded.

The study involved fixing the time of the correct execu-
tion of the test exercise in two ways: traditional - using a
stopwatch and using the developed device presented in the
study.

Participants

The first and the second-year students from Lviv Poly-
technic National University, Kamianets-Podilskyi National
Ivan Ohiienko University, Lviv State University of Physical
Culture named after Ivan Boberskyj and Kherson State
University were selected for research. The study involved
240 students, their age at the beginning of the study was 17-
19 years. It is important that the number of students in the
research groups was sufficient for the demonstrable evalu-
ation of the experiment’s results. The requirements for the
adequacy of the information volume at the level of p<0.05
were met.

The organization of the study took into account the pro-
visions of the Declaration of Helsinki of the World Medical
Association (WMA-2013) on the ethical principles of medi-
cal research with human participants; the research protocol
was approved by the ethics committee of the Lviv Polytech-
nic National University.

Organization of research

The experiment was implemented during two academic
semesters. At the first stage of the research, all students of
the studied sample made three attempts in a test to deter-
mine the level of leg strength development. The results were
recorded using a stopwatch. The average result was deter-
mined based on the results of three attempts.

At the second stage of the study;, all students who partici-
pated in the pedagogical experiment made three attempts in
the test to determine the level of leg strength development.
The results were recorded using the device developed and
presented in the study.

After that, the reliability and validity indicators of the
tests were calculated, the results of which were obtained at
the first and second stages of the study. At the same time, the
indicators obtained at the first stage of the study were used as
a retest to determine test reliability and validity.

Statistical analysis

Within descriptive statistics, the comparative-statistical
method of determining of empirical authenticity of tests is
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applied. To determine the empirical authenticity of the tests,
variance and correlation analysis (between the obtained test
results and the correlation criterion) were used. Quantita-
tively, the degree of authenticity of the tests is expressed
using the reliability and validity coeflicients, which are cal-
culated using the intra-class correlation coefficient.

Using this analysis, correlation coefficients were calcu-
lated to establish numerical values of reliability and validity
of the test for determining the level of leg strength develop-
ment. The results obtained during the control are consid-
ered reliable if the test methods used are authentic, and its
quantification is a criterion coefficient that quantifies the
degree of test reliability and validity and is calculated using
the intraclass correlation coefficient. The obtained numeri-
cal indicators of which are the basis of the conclusion about
the meaning of the test (Magill, & Anderson, 2017).

The methods of mathematical statistics are used, it can
be confirmed that the criteria of reliability and validity are
adequately met. All statistical analysis was performed using
SPSS Version 21.

Results

The implemented experimental study was aimed at
eliminating the dependence of subjectivity in the imple-
mentation of control of the assessment of the perception of
a person who controls the level of leg strength development.
By using ICT, they tried to achieve efficiency and objectiv-
ity of control. The result of the carried out scientific search
was the developed device for controlling leg strength, as a
component of physical training in the process of physical
education of students.

Today, there are many ways to measure leg strength. We
used the test exercise “Chair” because the exercise is easy to
reproduce, does not require special equipment, and does not
require time. In addition, this test can be used by students in
independent work.

However, recording the stability of a certain body posi-
tion: a right angle between the hip and the lower leg, as well
as a right angle between the hips and the body;, is associated
with the probability of error. There is a possibility of an error
in controlling the time of the correct execution of the test
task, which makes it impossible and difficult to obtain reli-
able informative results.

The developed design of the device involves the use of
analog laser distance sensors — high-precision laser sensors
with a measurement range of no more than 1000 mm, which
contain digital interfaces. Thanks to the use of short-range
sensors, the quality of control increases. Analog laser dis-
tance sensors have high reliability, durability, stability, small
dimensions, mass and power consumption, and compat-
ibility with microelectronic devices for information process-
ing at a low cost (Vistak, Dmytrah, Mykytyuk, Sushynskyi,
Barylo, Prysiazhniuk, & Horbenko, 2017).

Sensors in the developed device are drawn on a ruler.
The line of sensors is located vertically on both sides of the
student performing the test exercise. Exercise signals are
recorded by infrared receivers of non-contact analog laser
distance sensors placed on the ruler.

Analog laser distance sensors can detect and calculate
with high accuracy the position of objects made of any ma-
terials (Wojcik, Vistak, Mykytyuk, Politanskyi, Diskovskyi,

Sushynskyi, Kremer, Prystay, Jaxylykova, & Shedreyeva,
2020). The principle of measurement by analog laser sen-
sors is based on optical and ultrasonic methods of fixing
the dependence of the time of passage of a light pulse on
the distance between objects (Hotra, Mykytyuk, Diskovskyi,
Barylo, & Vezyr, 2018). Control information is captured by
the sensor’s laser LED and photodiode, which is mounted
in the controlled area in our development of the sensor line.

The laser beam of the sensor through the lens, directed
at the student in the specified position of the test exercise,
is reflected and focused on a line of photodiodes contained
in the infrared radiation receiver, which forms information
about the student’s position in the form of discrete analy-
sis. Photodiodes convert an optical signal to an electrical
one (analog signal to digital). If the position of the student
changes, the angle of reflection of the beam changes, and,
therefore, the position of the reflected beam is fixed by a
photodiode, which controls short-term deviations of the
sensor values, avoiding the possibility of incorrect perfor-
mance of the exercise.

To perform the exercise, the student takes a defined ini-
tial position and fixes it, placing himself between a line of
sensors (fig. 1). Sensors placed in the line record the student’s
position and the time it takes to maintain a stable position.
Non-contact analog laser distance sensors provide informa-
tion about the position of the student in front of the sensor
in the form of discrete analysis. The signal received by the
sensor line is sent to the processing unit via wireless infra-
red communication devices. The processing unit processes
the signal from the line of photodiodes and converts it into
an analog signal, which, through an analog-to-digital con-
verter, enters the electronic computing device for further
processing.

Fig. 1 Structural diagram of the design solution for leg strength
control using the developed device, where: 1 - student, 2 - line of
sensors, 3 — processing unit, 4 — analog-to-digital converter, 5 -
electronic computing device

After the student changes the steady position of the body,
the time of the exercise is fixed in digital units, convenient
and understandable for perception. The obtained results are
displayed using the LCD of the electronic computing device.

The developed device makes it possible to register the
moment of the start of the exercise, the maintenance of a
stable posture (performance process), and the moment of
its end. In the electronic computing device, recording, visu-
alization, and analysis of the received control results are also
carried out, following the algorithm of the internal software.
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Table 1. Authenticity of the test (rtt)

I 1I I 1I I 11
Curriculum
T A T A T A T A T A T A
H 0,707 0,876 0,711 0,883 0,777 0,890 0,707 0,876 0,711 0,883 0,713 0,890
\ 0,115 0,222 0,117 0,201 0,094 0,225 0,165 0,222 0,047 0,101 0,377 0,525

*Note: H - reliability of the test, V - validity of the text; T - the traditional way, A - using the developed tool, I - first course of study,

IT - second year of study

The developed device uses an electronic computing device,
but it is also possible to use a mobile telecommunication sys-
tem that has a high-speed interface subsystem and in which
the received signal is processed on a real-time scale.

The experimental justification of the use in practical
activities of the developed device for controlling leg strength
is presented in fig. 2. The authenticity of the leg strength con-
trol test was calculated. The determination of such a complex
character of the test was used to obtain information about
the degree of representativeness of the research procedure.
For this purpose, the results of testing students of the Ist
and 2nd years were registered traditionally and using the
developed device.

According to calculations, the reliability coeflicient of
the test used in the study, the results of which were recorded
in the traditional way using a stopwatch, is within the range
of low and medium, which is considered acceptable. The
validity coefficient obtained by the traditional method is
within the low range. By changing the method of register-
ing the results, we achieved that the authenticity of the test
reached a high level.

In the obtained values of the measure of authenticity
of the tests, there is a degree of change depending on the
method of registering the results. Based on the obtained re-
sults, it can be concluded that the reliability of the same test
depends on the way the results are recorded.

The effectiveness of using the device for controlling leg
strength is ensured by: ease of use and compactness of the
device, a comprehensive approach: the combination of the
necessary analysis of the obtained control results with a vi-
sual form of presentation in the developed device is imple-
mented by software. The use of the software enables simul-
taneous analysis of the test results of a group of students
without loss of information. In addition, the software unifies
and intensifies the receipt and processing of control results
with the updating and correction of a large array of control
information and its accumulation in an integrated database,
in which their replication, processing, and interactive analy-
sis using statistical and mathematical methods and algo-
rithms are established.

Discussion

Currently, the implementation of innovations is an im-
portant source of determining strategic directions for the
development of higher education in Ukraine. This is posi-
tioned as an indicator of relevance and effectiveness and is
embodied in specific, qualitatively new results of the edu-
cational process (Gogoi, 2019). We support scientific ap-
proaches (Koryahin, Mykytyuk, Turchyn, Blavt, Prystynskyi,
& Stadnyk, 2021; Shettar, Lathiwale, & Kulhalli, 2021) that

modernization based on the introduction of ICT in physical
education of higher schools is now a priority direction for
ensuring modern progress in this process It is significant
that information becomes the foundation of the innovation
process, and ICT provides the provision of this informa-
tion at a modern scientific level (Gogoi, 2019; Estivalet, &
Springer, 2009).

The conducted scientific research is due to the need to
introduce innovations and fundamentally new approach-
es to the development of the theory of control in physical
education. Which is consistent with available information
(Ivashchenko, 2020; Ivashchenko, Khudolii, Iermakov, &
Harkusha, 2017; Hasegawa, Fujii, Miura, Yokoyama, & Ya-
mamoto, 2019;).

In modern science, attention is focused on the need to
significantly improve the quality of scientific research and
make radical changes in the organization and examination
of the results of physical education (Khudolii et al., 2019;
Zanevskyy, & Labartkava, 2020; Solohubova et al., 2020).
Control of the results of physical education of students,
which is positioned as a powerful mechanism of influence
and management, is the basis of the effectiveness of physical
education of students (Koryahin, Mykytyuk, Blavt, Dolniko-
va, & Stadnyk, 2020; Shettar, Lathiwale, & Kulhalli, 2021).
The results of the study complement the data on pedagogi-
cal control in the physical education of students (Kozina,
Ol'’khovyj, & Temchenko, 2016; Koryahin, Blavt, Vanivska,
& Stadnyk, 2020; Edwards, 2010).

Data have been expanded that the effectiveness of the
introduction of the latest technologies developed based on
ICT in the physical education of students, which is deter-
mined by their accessibility to users, ease of use, and the de-
gree of meeting the needs of this process (Di Tore, Schiavo, &
D’isanto, 2016; Koryahin, Blavt, Vanivska, & Stadnyk, 2020).
The importance of ensuring the objectivity and efficiency
of control from a practical standpoint is determined by the
importance of receiving and studying information about the
state of the studied parameters during the physical education
of students, as a factor in the effectiveness of this process
(Kozina, Ol'khovyj, & Temchenko, 2016; Shettar, Lathiwale,
& Kulhalli, 2021). Added data on the optimization of physi-
cal education of students through the use of ICT and their
capabilities in solving forecasting tasks, and designing class-
es based on objective control of physical education results
(Bhat, Nazir, & Khan, 2018; Gogoi, 2019).

The applied value of the results of the conducted re-
search is that the device developed based on ICT provides a
qualitatively new form of implementation of leg force con-
trol, as well as processing and presentation of control infor-
mation. Its novelty lies in the use of the potential of modern
ICT, which provides a process of operational, rational, pur-
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poseful obtaining of results for the effective implementation
of control in the physical education of students.

The idea that the reliability of the same test depends on
the way the results are recorded has been confirmed. At the
same time, all specialists are unanimous in the fact that the
leading means of implementing the aforementioned is the
technological provision of the ICT-based control procedure,
which is a step towards increasing the effectiveness of physi-
cal education to achieve a new quality.

Conclusions

One of the priority directions of the development of
modern higher education is the rethinking of the doctrine of
physical education at the level of European quality, the cor-
responding modernization of its content, and optimization
of its technical support to achieve new quality.

A qualitatively new approach to increasing the effective-
ness of control in physical education of students is presented,
which is implemented in the developed leg strength control
device. The device, developed based on ICT, ensures the
unification and intensification of obtaining and presenting
control results. The use of the developed leg strength control
device in the practice of physical education of students al-
lows solving the problems of prompt, immediate obtaining
and accumulation of objective information about the level of
leg strength development.

Taking into account the possibility of carrying out a stan-
dardized test control procedure, which is a key factor in its
objectivity; simplicity, convenience, accessibility, and the pos-
sibility of immediate obtaining control data, the use of a leg
strength monitoring device developed based on ICT allows to
reliably monitor the development of leg strength, which is con-
firmed by the obtained results of the authenticity of measure-
ments, and to urgently and effectively analyze and interpret
the received large volumes of quantitative control information.

The integration of ICT, which performs the functions of
a toolkit for solving control tasks, has provided a qualitative-
ly new technological advance in methodology and didactics,
organization, and practical implementation of test control in
the physical education of students.
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YMNPOBALAXEHHA IHOOPMALINHO-KOMYHIKALIIMHUX
TEXHOJIONNY TECTOBUIA KOHTPOJb CUJIA HIT
Y OIBUMHOMY BUXOBAHHI CTYAEHTIB

Oxcana bnaB1'45C?, Tenaniit €qunax®*®E, Map’au Ilitun**“, Ipan IryxoB**“E,
Muxaiino I'ycka*PE, Bonogumup Craguuk'®E, Auppii 3aikin*®*“E, Ian Kaparunk®*®<*

'HauionanbHuii yHiBepcuteT «/IbBiBCbKa IOJTiTeXHiKa»
*Kam’sinenip-Ilominbcbknmit HatjioHaIbHMIT YHiBepcuTeT iMeni IBana Orienka
*JIpBiBCBKMIT lep>kaBHUI yHiBepcuTeT (pisnyHoI KynbTypu iMeHi IBana bobepcbkoro

*XepCOHCHKMII iep>)KaBHUI YHiBepCHUTET

Pedepar. Crartsi: 7 c., 1 Tabm1., 1 puc., 28 mxepern.

Merta BOCTiKeHHA TI0/IATala Y eKCIepUMEeHTaIbHOMY OOIPYHTYBaHHI YIIpOBaKeHH: iHpopMaliiiHO-KOMYHiKa1ili-
HYIX TeXHOJIOTII Y TeCTOBMIT KOHTPOJIb CYJIM Hir B ITpoleci Gpi3YHOro BUXOBAaHHSA CTYEHTIB.

Marepianu Ta MeTogu. MeTogamMy OTPUMAHHS eMIIPUYHNUX JAHUX OyIM HefarorivHMil eKCIepyMeHT, Iefaroriite
TeCTyBaHHs, MaTeMaTU4YHi MeToxu 06pobKu 1ndpoBux GaiiiB, TOPIBHANBHO-CTATUCTUIHNIT METON, FUCIIEPCIHNIT Ta
KOpeJLALiNHNIA aHaMi3. Y BocmipKeHHi B3 y4acTb 240 cTy[eHTiB, IX BiK Ha II0YaTOK JOC/TiKEHHA CTAaHOBUB 17-19 pokiB.

PesynbraTn. IIpencraBneHo po3poOmeHnit IpUCTpiit A/1s1 BUSHAYEHH CMIM M A31B Hir, IOOyZOBaHNMII Ha OCHOBI HOBIT-
HiX iH}opMaLiliHO-KOMYHIKaiTHUX TexHOOrill. PO3po6/ieHa KOHCTPYKLiA IPUCTPOIO Iependadae BUKOPUCTaHHA aHAJIO-
FOBUIX /IA3€PHNUX CEHCOPIB BificTaHi, indopmaris 3 skux 6€34pOTOBUMI IPUCTPOSIMI iHPPAIEPBOHOTO 3B 513Ky HAIXOANTh
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Ha 6710k 06p0o6KM Ta Yepe3 aHAIOrOBO-1L(POBUIL IIEPEeTBOPIOBAY MOJIAETHCS Y eMeKTPOHHO-00UNCTIOBAIbHII TPUCTPIiL.
O6uncIeHHAM aBTEHTUYHOCT] TeCTOBOI BIIPaBH, KA BUKOPUCTAHA [AJIsI KOHTPOJIIO CUJIM Hil, eKCIIePUMEHTaIbHO 06T PyH-
TOBAHO BMKOPUCTAHHSA y IPAKTUYHIN His/IBHOCTI pO3pO6IEHOro IpUCTPOI0. 3a pe3yabraTaMyl KOPe/LALiIHOTO aHai3y
YCTaHOBJIEHO, III0 aBTEHTUYHICTb KOHTPOJIIO 3 BUKOPUCTAaHHAM PO3pOOICHOrO IPUCTPOIO JOCAIIA BCOKOTO PiBHA.

Bucnosku. IIpencraieHo sSKiCHO HOBMII HiAXin [0 MifgBUIeHHA e(eKTUBHOCTI KOHTPOIIO y (i3NYHOMY BUXOBaHHI
CTY[IEHTIB, 110 peai30BaHO y PO3pOOIEHOMY IIPUCTPOI KOHTPOIIO CUN Hir. IIpuKTaiHe 3SHa4eHHsI pe3y/IbTaTiB IIPOBeEfEHO-
IO ZOCTiKEHHsI ITOTIATAE Y TOMY, 1[0 PO3p0o6IeHNit Ha OCHOBI iHOpMaLiliHO-KOMYHIKalIiiHIX TEXHOIOTIN IPKUCTpiit 3a6e3-
neuye sKicHO HOBY ¢opMy peasisawii KOHTPOJIIO CU/IM HITL, @ TAKOXX 00pOOKY it IpefcTaBneH s iHdopMalil KoHTporo. Bu-
KOPUCTAHHA y MPpaKTulli ¢pisyHOro BUXOBAHHS CTYAEHTIB IIPUCTPOIO 3abe3IIedye OlepaTUBHICTDb Ta BUCOKY epeKTUBHICTD
IpoLeypy KOHTPOJIIO, PE3Y/IbTaTOM AKUX € OTPMMAHHA JOCTOBIPHUX IaHMX 11O JJal0Th 3MOTY iCTOTHO MiiBUIINTHA AKICTb
Ta iHTeHCUDIKYBaTH KOHTPOJIb L{bOTO MPOLIeCY 3a/isl 3abe3neveHHs eeKTUBHOCTI (i3NIHOrO BUXOBAHHSI CTY/IEHTIB.

KirouoBi cmoBa: KOHTpO/b, (isUuHe BUXOBAHHSA, CTYAEHT, CUIA HIT, HpUCTpili, iHpOpMaLiiiHO-KOMYHIKaIilHI
TEXHOJIOTII.
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Abstract

Study purpose. This study purpose was to investigate whether health-related physical fitness is associated with total

and central body fat in school children aged 6-10 years.

Materials and methods. A total of 2197 Macedonian children aged 6-10 years (1096 boys and 1101 girls) participated
in the study. Health-related physical fitness was measured by the modified EUROFIT test battery: the 20 m shuttle
run test (cardiorespiratory fitness); the handgrip strength test, the standing long jump and the 30 s sit-ups tests
(muscular strength); the 4x10 m shuttle run test (motor fitness) and the sit and reach test (flexibility). Body mass
index, body fat percentage and waist circumference were used as markers of total and central body fat, respectively.
Results. The standing long jump, the 30 s sit-ups, the 4x10 m shuttle run and the 20 m shuttle run tests were
negatively associated with all markers of total and central body fat in boys and girls after controlling for age

(p<0.01). The handgrip strength test was positively associated with all markers of total and central body fat (p<0.01).
No statistically significant correlation was established between the markers of total and central body fat and the sit

and reach test.

Conclusions. The present study broadens previous findings in children and adolescents which demonstrate
correlations between the health-related physical fitness components, chiefly the muscle strength, the agility

and cardiorespiratory fitness and total central adiposity. Fitness assessment should be introduced in future
epidemiological and intervention studies in school children because it seems to be an important factor determining

health.

Keywords: cardiorespiratory fitness, muscular strength, motor fitness, children, obesity.

Introduction

The Obesity among children and adolescents is a serious
problem in the 21% century children’s health (Reilly, 2006).
Overweight and obesity during the childhood, and espe-
cially in adolescence, linger on in the adulthood. Former
studies’ results indicate that one out of four children at the
age of 6 to 14 is affected by overweight (Kotani et al. 1997;
Kain et al., 2002). Obesity is a multifactorial problem which
is a product of a variety of causes, including those of hered-
ity, social status, lifestyle, eating habits, and physical activity

© Gjonbalaj, M., Morina, B., Gontarev, S., & Georgiev, G.,
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level (National Institutes of Health of USA, 2000). Physi-
cal fitness has proved to be an additional significant subject
from a public-health perspective concerning adults (Myers
et al., 2007) as well as children and adolescents (Ortega et
al., 2008). Those studies which examine the correlation be-
tween the status of weigh and health-related physical fitness
in young people have frequently reported a decrease of fit-
ness in the course of obesity-increase (Haerens, et al., 2007;
Brunet, et al., 2007; Martinez-Tellez, et al., 2016; Fogelholm,
et al., 2008; Gontarev & Ruzdija, 2014).

Understanding the relation between physical fitness
(including cardiorespiratory fitness, muscular strength and
motor fitness) and obesity-related effects among children of
the age from 6 to 10 years would make it possible to derive
additional information about the question whether physical
fitness is to be or not introduced as a health-marker as early
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as at the mentioned ages. Wehypothesize that the physical
fitness levels are associated with markers of adiposity. The
goal of the present study is to examine how health-relat-
ed physical fitness corresponds with the body mass index
(BMI), body fat percentage and waist circumference (WC)
in Macedonian children at the age of 6 to 10 years.

Materials & methods

Study participants

The research was conducted on a sample of 2197 chil-
dren from 19 primary schools in the Republic of North
Macedonia, 11 of which are in urban areas and 8 in rural
areas. The sample was divided into two sub-samples accord-
ing to the gender: 1096 male respondents and 1101 female
respondents. The average age of the respondents was
8.63 + 2.34 years. The respondents were treated in accor-
dance with the Helsinki Declaration of 1961 (revision of
Edinburgh 2013). The measurements were conducted in
March, April and May 2019. The measuring was performed
by experts of Kinesiology and Medicine.

Anthropometric measurements

Applying standardized procedures, the measurements of
weight, height, and WC were carried out at school; all the
instruments were verified before measuring each subject.
Weight was measured in underwear and without shoes, with a
medical decimal weight scales, to thenearest 0.1 kg, and height
was measured barefoot in the Frankfort horizontal plane with
a telescopic height measuring instrument (Martin’s anthro-
pometry) to the nearest 0.1 cm. Body mass index was calculat-
ed as bodyweight in kilograms divided by the square of height
in meters. Waist circumferences were measured twice using
inextensible anthropometric tape with the children standing
erect and relaxed, with arms at the sides and feet positioned
close together. Waist circumference was measured midway
between the lowest border of the rib cage and the upper bor-
der of the iliac crest, at the end of normal expiration.

Components of the body composition have been deter-
mined by the method of bioelectrical impedance (measuring
of the electric conductivity — Bioelectrical Impedance Anal-
ysis - BIA). The measuring was realized by a Body Composi-
tion Monitor, model “OMRON - BF511”. In order to provide
better precision of the results obtained from the estimation
of the body composition, prior to each measuring, we en-
sured that the preconditions recommended by Heyward &
Gibson (2014) had been fulfilled.

Evaluation of Physical Fitness

Six tests, forming part of the EUROFIT battery, validat-
ed and standardized by the European Council, were applied
in the following order:

Sit and Reach test, Hand Grip test, Standing long jump
test, Sit-ups 30 sek, Shuttle run: 4x10 meters, 20 meter shut-
tle run test.

Statistical analysis

Characteristics of the study sample are described as
mean and standard deviation. Gender differences were as-

sessed by one-way analysis of variance. To study the asso-
ciation of health-related physical fitness (i.e. the handgrip
strength, standing long jump, 4x10m shuttle run, one-leg
stance and 20m shuttle run tests) with BMI, body fat per-
centage and WC, we conducted linear regression analysis
inserting the health-related physical fitness variable as in-
dependent variables and BMI, body fat percentage and WC
as dependent variables. All these relationships were anal-
ysed in separate regression models (one for each fitness test
and dependent variable) using age as covariate. The analysis
were further adjusted by height when WC was the outcome
variable. Since we observed a significant interaction effect
between sex and most fitness components, all analyses were
performed separately for male and female participants. All
the analyses were performed using the Statistical Package for
Social Sciences software (SPSS, v. 26.0 for Windows; SPSS
Inc., Chicago, IL, USA).

Results

The characteristics by gender of the examined popula-
tion are presented in Table 1. The analysis of the table shows
that the male respondents have greater body weight, waist
circumference, higher body mass index values, (BMI), and
a greater percentage of body fat in comparison with those
of the female respondents (p < 0.010). Further, the male re-
spondents, compared to the female ones, show better results
in all health-related physical fitness tests (p<0.001), except
for the test sit-and-reach’ (p<0.001).

Table 2 presents the relation between the health-relat-
ed physical fitness and BMI, after adjusting according to
the age, in the male respondents. There was an association
between all health-related physical fitness and BMI (all p<
0.001), except for Sit-and-reach test (p = 0.759).

Table 3 shows the correlation between the health-related
physical fitness and BMI after adjusting for age in female re-
spondents. The inspection of the table shows that most of the
health-related fitness tests associate with BMI (all p < 0.000),
except for the fitness tests ‘sit-and-reach’ (f =-0.005 + 0.017,
p = 0.450) and 4x10-m shuttle run test (f =0.100 + 0.053,
p = 0.058).

The association between health-related physical fitness
and body fat percentageare shown in Tables 4 and 5 about-
male and female participants, respectively. There was an
association between all health-related physical fitness tests
and body fat percentagein male and female participants (all
p < 0.001), except for the Sit-and-reach test (male p = 0.715;
female p = 0.067).

Tables 6 and 7 show the association between health-
related physical fitness and WC after adjusting to theage and
height for male and female participants, respectively. There
wasan association between all health-related physical fitness
tests and WC (all p < 0.001), except for the Sit-and-reach test
(male 3 =0.028+ 0.035, p = 0.418; female = -0.009 + 0.034,
p =0.797).

Since in both male and female respondents an inter-
action between the age and all the health-related physical
fitness tests, on one hand, and the percentage of body mass
index, on the other hand, was established, we repeated the
analysis due to the age groups (6, 7, 8, 9 and 10 years of
age) for male and female individually. With the male re-
spondents, a statistically significant correlation between the
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Table 1. Characteristics of the study participants by gender

All (n =2197)

Boys (n=1096 ) Girls (n =1101)

Indicators F Sig.
Mean SD Mean SD Mean SD
Age (years) 8.63 2.34 8.59 1.32 8.66 3.03 0.54 0.462
Height (cm) 132.73 9.95 133.02 9.72 132.45 10.16 1.80 0.180
Weight (kg) 33.03 9.93 33.58 10.29 32.49 9.53 6.60 0.010
WC (cm) 60.29 8.70 61.39 9.06 59.20 8.19 34.88 0.000
BMI (kg/m?) 18.41 3.49 18.64 3.66 18.18 3.30 9.51 0.002
Body fat % 23.33 8.04 23.78 7.85 22.88 8.19 6.42 0.011
Sitand reachtest (cm) 15.94 6.40 14.37 6.38 17.50 6.04 138.77 0.000
Handgrip strength (kg)* 12.95 3.66 13.61 3.67 12.30 3.54 72.30 0.000
Standing long jump (cm) 106.38 24.13 112.93 24.34 99.87 22.08 173.05 0.000
30 sec sit ups (n) 12.32 5.59 13.59 5.52 11.04 5.37 120.44 0.000
4x10m shuttle run test (sec) 15.35 2.04 14.90 2.02 15.79 1.96 110.45 0.000
20 m SRT (VO,max) 48.47 3.32 49.25 3.59 47.69 2.81 128.08 0.000

Values are presented as mean and standard deviation. *Values are the mean of right hand and left hand. BMI - body mass index; 20

m SRT, 20 m shuttle run test; WC - waist circumference.

Table 2. Association between health-related physical fitness
and body mass index in male children, after adjusting for
age

Table 4. Association between health-related physical fitness
and body fat percentage in male children, after adjusting
for age

Predictors B SE R? P Predictors B SE R2 P
Sitand reachtest (cm) -0.005 0.017  0.099 0.759 Sitand reachtest (cm) -0.014  0.039 0.008 0.715
Handgrip strength (kg) 0.443 0.034  0.221 0.000 Handgrip strength (kg) 0.627  0.083  0.061 0.000
Standing long jump (cm) -0.043  0.004 0.171 0.000 Standing long jump (cm) -0.121  0.010  0.132  0.000
30 sec sit ups (n) -0.159  0.020  0.149 0.000 30 sec sit ups (n) -0.428 0.046  0.085 0.000
4x10m shuttle run test (sec)*  0.436  0.057  0.145 0.000 4x10m shuttle run test (sec)* 1.221  0.132  0.085  0.000
20 m SRT (VO,max) -0.458  0.028 0.282  0.000 20 m SRT (VO,max) -1.073  0.063 0.228  0.000

B - unstandardized beta coefficient; SE - standard error; R* -
coeflicient of determination. *In the 4x10-m shuttle run test,
the greater the score (sec) the worse the performance.

Table 3. Association between health-related physical fitness
and body mass index in female children. after adjusting for
age

B - unstandardized beta coefficient; SE - standard error; R* -
coefficient of determination. *In the 4x10-m shuttle run test.
the greater the score (sec) the worse the performance.

Table 5. Association between health-related physical fitness
and body fat percentage in female children, after adjusting
for age

Predictors B SE R? P
Sitand reachtest (cm) -0.012  0.016 0.017 0.450
Handgrip strength (kg) 0.418 0.027  0.200 0.000
Standing long jump (cm) -0.022  0.005  0.038 0.000
30 sec sit ups (n) -0.081 0.019  0.034 0.000
4x10m shuttle run test (sec)*  0.100  0.053  0.020 0.058
20 m SRT (VO,max) -0.524  0.035 0.188 0.000

B - unstandardized beta coefficient; SE - standard error; R* -
coefficient of determination. *In the 4x10-m shuttle run test.
the greater the score (sec) the worse the performance.

4x10-m shuttle run fitness test and the Body Mass Index
percentage was not established with the boys at the age of 6
(p = 0.485); with the female respondents, though, a statisti-
cally significant correlation was not established between the
Standing-long -jump test and the Body Mass Index percent-
age in the 6-year-old girls (p = 0.051), and with the 8-year-
old girls it was the test 4x10-m shuttle run (p = 0.507).
Since with the male respondents an interaction was es-
tablished with relation to the age, the Standing-long-jump
fitness test and WC, we repeated the analysis for each of the

Predictors B SE R? P
Sitand reachtest (cm) -0.078 0.043  0.008 0.067
Handgrip strength (kg) 0.579 0.074 0.062 0.000
Standing long jump (cm) 0102 0.011  0.079 0.000
30 sec sit ups (n) -0.368 0.047  0.062 0.000
4x10m shuttle run test (sec)*  0.775 0.132  0.037  0.000

Table 6. Association between health-related physical fitness
and waist circumferencein male children, after adjusting for
age andheight

Predictors B SE R? P
Sitand reachtest (cm) 0.028 0.035 0.393 0418
Handgrip strength (kg) 0.358 0.086 0.405 0.000
Standing long jump (cm) -0.096  0.009 0.452 0.000
30 sec sit ups (n) -0.350 0.040 0.432  0.000
4x10m shuttle run test (sec)* 1.111  0.114 0.439 0.000
20 m SRT (VO,max) -0.934 0.057 0.514 0.000

B - unstandardized beta coefficient; SE - standard error; R* -
coefficient of determination. *In the 4x10-m shuttle run test,
the greater the score (sec) the worse the performance.
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Table 7. Association between health-related physical fitness
and waist circumferencein female children, after adjusting
for age andheight

Predictors B SE R? P
Sitand reachtest (cm) -0.009 0.034 0316 0.797
Handgrip strength (kg) 0380 0.090 0328 0.000
Standing long jump (cm) -0.078 0.010 0.357  0.000
30 sec sit ups (n) -0.314 0.040 0.355 0.000
4x10m shuttle run test (sec)*  0.919 0.112  0.358  0.000
20 m SRT (VO,max) -0.823 0.082 0376 0.000

B - unstandardized beta coefficient; SE - standard error; R? -
coeflicient of determination. *In the 4x10-m shuttle run test,
the greater the score (sec) the worse the performance.

age groups (6, 7, 8,9 and 10 years). No significant correlation
was observed between the Standing long jump and WC in
6-year-old children (p = 0.183; respectively). After excluding
age from the analyses conducted and the results persisted,
we repeated all the analysis (data not shown).

Discussion

The present study results suggest that the health-relat-
ed physical fitness, estimated through the tests ‘Handgrip
strength’, ‘Standing long jump), ’30sec sit up, ‘“4x10m shuttle
run test, 20m shuttle run test’ (VO2 max) are associated
with the measures of ‘total and central body fat’ in boys and
girls at the age from 6 to 10 years, after adjusting for the age.
The study results correspond with former studies which have
been conducted on children and adolescents, and which in-
dicate an association between the health-related physical
fitness components, chiefly those of the muscle strength,
agility, the percentage of 4x10-m shuttle run test and car-
diorespiratory fitness with the total and central Body fat in
the children aged from 6 to 10 (Ruiz et al., 2011; Artero et al.,
2010). The excess of body fat is an additional load that is very
possible to have a negative impact on the fitness performanc-
es, especially in the fitness tests where the body is moving in
the space or the weight of some body part is to be overcome.
However, fit children are possible to possess higher levels of
lean body mass in comparison with their unfit counterparts.
In most cases, when the individual is physically inactive, the
largest component of total energy expenditure is the resting
energy expenditure. This may partially explain why fit chil-
dren have less fat mass than those who are unfit.

In the present study, just as it is in other studies, the cor-
relation between the health-related components and body
fat markers is somewhat lower in the female respondents as
compared to the male respondents (Gutin et al., 2004; Artero
etal.,2010). The most consistent correlations were established
for the 20-m Shuttle run test’ in both male and female re-
spondents. The results were fairly consistent regardless of the
methodology that was used to assess the body fat mass. How-
ever, the correlations were stronger when the body fat mark-
ers were measured by bioelectrical impedance. Having an
excess of body fat can affect to a greater extent the movements
which require for body to move in a vertical axis compared
to the body moving in a horizontal axis (Artero et al., 2010).

The further results of the study indicate an inverse cor-
relation between the muscular strength and weight-bearing

tests, and between the total and central adiposity, which is in
accordance with earlier research works (Okely et al., 2004;
Ara et al., 2004; Deforche, et al., 2003; Xu, et al. 2020). The
present study shows a negative relation between Standing-
long -jump test and the total adiposity in the respondents of
both genders.

Studies of earlier research also indicate that the greater
body weight is a barrier in doing fitness tests (Gontarev, et
al., 2018). In addition, the research results point at the pres-
ence of a negative connection of the Sit-ups test with the to-
tal and central adiposity in the respondents of both genders.

It is also important to emphasize that the results show a
positive connection of the Handgrip strength test with the
total and central body fat (Malina et al., 1995; Casajus et
al., 2007; Prista et al., 2003).The suggestion is that, in cases
of excessive adiposity, the increases of fat-free mass fail due
to the necessity of supporting this extra load (Forbes, 1964;
Artero et al,, 2010; Elezi et al., 2021). This finding indicates
that individuals of excessive fat can acquire better results in
tests which do not imply conquering a body weight as well
as a particular body part (such as the Handgrip strength
test, for example), which is relevant to some late study works
(Artero et al., 2010; Elezi et al., 2021).

The exercises which aim at improving the muscle strength
are recommended by a greater number of health organizations
because of their effect on improving the muscle vigour, power,
hypertrophy, muscle stamina, agility, coordination as well as
prevention of a number of diseases (Pollock et al., 2000; Kell, et
al., 2001; Stump et al., 2006; Wolfe, 2006). The results of longitu-
dinal research works suggest that there is a negative correlation
between the changes of muscle strength during the childhood-
to-adolescence period and the change of the total adiposity; but
the correlation between the muscle strength and the changes in
the central adiposity is less explicit (Ruiz et al., 2009).

The present study indicates a negative correlation of the
cardiorespiratory fitness with the total and central adiposity,
which corresponds with previous research works where a
sophisticated methodology used to be applied in assessing
the body composition of children aged 8 to 11 (Gutin et al,,
2004). Lee and Arslanian (2007) have established that the
cardiorespiratory fitness is related to the lower values of vis-
ceral and abdominal fat, measured by DEXA in 113 Ameri-
can adolescents at the age of 8 to 17 years. The mentioned
findings were alike when the anthropometric methods of
assessing the total and central adiposity were used (Ortega
et al., 2007). Ruiz et al. (2006) established that the cardio-
respiratory fitness is inversely associated to the total body
mass that is assessed through the sum of five skinfolds with
Swedish and Estonian children at the age of 9 to 10 years.
In this direction, they also noted that the cardiorespiratory
fitness was associated in inversive way with WC in Spanish
children (Ortega, et al., 2007) and Swedish ones (Ortega,
Ruiz & Sjostrom, 2007). Ortega et al. (2007) established that
the Spanish adolescents who possessed higher levels of a car-
diorespiratory fitness had also a lower abdominal adiposity
(assessed with WC). In addition, the studies of longitudinal
research point that, regardless of the initial level of cardio-
respiratory fitness, its improvements are associated with a
lower risk of developing an excessive obesity/fat during the
period of adolescence (Ortega et al., 2011).

The correlation observed between agility (i.e. 4 x 10 m
shuttle run test) and the total and central adiposity corre-
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sponds with the results obtained in earlier research studies
with children and adolescents (Ruiz, et al., 2011; Yamborisut,
et al., 2011). The data obtained from our study suggests that
the excess of body fat in children appears to be the cause of
a lower performance in all tests that require a driving force
for lifting the body mass both in children and adolescents
(Artero et al., 2010).

When it comes to the correlation between the flexibility
assessed by the Sit-and-reach test and the total central obe-
sity, the results of former research works are contradictory.
In other studies, however, no correlation was established
between the flexibility, when assessed through Sit-and-reach
test, and the measures of total and central adiposity, and that
corresponds with the results obtained in our study (Ceschia
et al., 2016; Sacchetti, et al., 2012; Tokmakidis, et al., 2006;
Dumith et al., 2010; Malina, et al., 2011).

The present study’s results should be considered with
a certain degree of precaution. As with any transversal re-
search work, the direction of association cannot be stated;
undoubtedly, a reciprocal association between the fitness
and obesity might be found. We, though, cannot be absolute-
ly positive that unmeasured confounder factors, such as the
diet, physical activity or genetic factor, have no impact on
the obtained results. The confirmation of the present study’s
findings and, consequently, their ruling out with a represen-
tative sample of children require further research studies.

This study broadens the findings of earlier research
works with children and adolescents which used to show the
correlation of health-related physical fitness components,
chiefly the muscular strength, agility and cardiorespiratory
fitness with the total and central adiposity in children at the
age of 6 to 10 years. The fitness assessment should be intro-
duced concerning future epidemiological and intervention
studies of children of the mentioned age, since it appears to
be an important factor that predetermines future health and
wellbeing.

Conclusions

The present study broadens previous findings in chil-
dren and adolescents which demonstrate correlations be-
tween the health-related physical fitness components, chiefly
the muscle strength, the agility and cardiorespiratory fitness
and total central adiposity. Fitness assessment should be in-
troduced in future epidemiological and intervention studies
in school children because it seems to be an important factor
determining health.
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OI3BVYHA NIATOTOBJIEHICTb 3A CTAHOM 340POB’A NMOB’A3AHA
13 3ATAJIbHUM YMICTOM »KUPY B OPTAHI3MI TA B LLEEHTPAJIbHIN
NOro HACTUHI B AITEUN BIKOM BI/] 6 10 10 POKIB

Masncop I'on6anait'**“’E, becank Mopina'AP<PE,
Cepboska Tonrapep?5CPE, Teopriit [eopriep*BP®

TIpumTnHcbKkMit yHiBepcuteT «Xacas IlpimTina»
*Kupuno-MedopiiBcbknit yaiBepcuteT B CKOIT'E

Pedepar. Crartsi: 7 c., 7 Tabm., 41 mxeperno.

Mera gocimpkeHH:A. MeTow fOCIipKeHHs Oy/1o 3’s1CyBaTy, 411 OB sA3aHa (Pi3sMYHA MiTOTOBIEHICTD 32 CTAHOM 3[0POB’s i3
3araJIbHMM yMiCTOM >KMPY B OPraHi3Mi Ta B IleHTpPabHill /10ro 4acTuHi y IKO/APiB BikoM Bif 6 10 10 pokiB.

Marepianu ta MeTogu. Y fociipKkerHi Opam yuacTs 3araiom 2197 MakeTOHChKIX iTeil BikoM Bift 6 50 10 poxis (1096 xytomiis
ta 1101 giBuar). BumiproBaHHs oKa3HMKIB (pi3NIHOI MiIATOTOBIEHOCT] 32 CTAHOM 3[JOPOB’sI 3IMICHIOBA/IN 3a JOIIOMOTOI0 MOZIM-
¢ixosanoro Habopy TectiB EUROFIT: «HoBHuKoBmit 6ir Ha 20 MeTpiB» (KapaiopecniparopHa BUTpUBAIicTh); «MilHicTh cTHC-
KaHHA pyKi», «CTpuOKM B JOBXKUHY 3 Miclsa» Ta «[lifHiMaHHA Tymy6a B ciff i3 momoskeHHs nexxaun 3a 30 ceKyH/» (M’ A30Ba CUIIa);
«YoBHUKOBUIT 6ir 4x10 MeTpiB» (pyxoBa mifroroBnenicts) Ta «Haxumm Tymy6a BIiepes i3 MOOKeHHs Cupstan» (THYYKICTh). SIK
MapKepy 3arajbHOrO BMICTY XMPY B OPraHi3Mi Ta B J10r0 LIEHTPalIbHill YaCTUHI BUKOPUCTOBYBA/IM iHIEKC MACH Tia, BifICOTOK
JKIPY B OpraHi3Mi Ta 06Bif Tatii, BigmoBigHO.

Pesynpraru. Tectu «CTpubKy B JOBXUHY 3 MicIisi», «[TifHiMaHH: Tyn1y6a B Ciff i3 momoxeHHs exxaun 3a 30 cekyH», «HoB-
HMKOBUI 6ir 4x10 MeTpiB» Ta «JoBHMKOBMII Oir Ha 20 MeTpiB» Oy/IM HETATUBHO IIOB sI3aHi 3 yciMa MapKepaMu 3araJbHOTO BMIiCTy
XKIMPY B OpraHi3Mi Ta B JIOro LieHTPa/IbHiil YaCTHHI y X/TOMYMKIB i AiBYMHOK ITic/A BpaxyBaHH:A Bikooro ¢akropa (p<0,01). Tect
«MIIHICTh CTUCKAHHA PyKu» OYB IO3UTUBHO OB sI3aHMII 3 yciMa MapKepaMy 3arajbHOrO BMICTY >KVMPY B OpraHismi Ta B 110ro
LeHTpanbHiil yacTuui (p<0,01). CraTnucTiyHO 3HaYyIO] KOpenALil MK MapKepaMy 3arajbHOTO BMICTY >KMPY B OpraHisMi Ta B
JOTO LieHTpa/IbHiil YacTuHi Ta TecToM «Haxumu Tyny6a BIepes i3 IIOMOXKeHHS CUAAYM» YCTAaHOBJIEHO He 6YII0.

Bucnosku. Lle nocnimkeHHsA po3IIMpIOE MTONIEPeNHi pe3y/IbTaTy B [IiTell i Mif/IiTKiB, AKi TOKa3yl0Th KOPeIALii MiXK CK/IaJJOBU-
M1t efieMeHTaMM (isVYHOI HiITOTOB/IEHOCTI 3 CTAHOM 3[JOPOB 4, IIePeBaYKHO M A30BOI0 CUJIOI0, CIIPUTHICTIO Ta Kapfiopeciiparop-
HOIO0 BUTPUBAIICTIO, i 3ara/IbHUM i EHTPa/IbHIM OXUPIiHHAM. [0 MaitOy THIX emifjeMioNIoriyHmx Ta iHTepBeHIiTHNX KOCIi/KEeHb
y LIKOJIAPIB CITif yIIPOBAAUTH OLHKY (i3NYHOI MiITOTOBIEHOCTI, TOMY 110 BOHA 3[a€ThCS BaXK/IMBUM YMHHUKOM, KNI BUSHAYAE
CTaH 3/I0pOB’sL.
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Abstract

It is important to remember that learning outcomes are not the only thing students accomplish, but attitude is also

a major learning output.

The study purpose was to investigate students’ attitudes, especially regarding the attitude toward nonlinear pedagogy

(ATNP), according to gender and grade level in Yogyakarta.

Materials and methods. The study involved 1,160 kids who were in fifth grade in primary schools and in eighth
grade in secondary schools. A total of 18 schools from around the province were included in the study. The Test of
Science Related Attitudes (TOSRA) was used to gather data. This questionnaire is effective for gathering descriptions
of students’ attitudes toward nonlinear pedagogy scores for a specific set of participants, since it uses the Likert scale.
Results. The study findings show students have quite different levels of excitement for nonlinear science learning.
The male students in primary school have a higher positive attitude than the female students do, (M = 36.75;

p < 0.001). The male students exhibit a more eager attitude than the female students do in junior high schools

(M =35.78; p < 0.001). The data revealed that the male students in secondary schools have more positive attitudes
than the female students do (8.23, M>F). According to the grade level of the school, the male students’ ATNP at the

elementary level is more positive than in junior high schools.

Conclusions. The statistics show that students” opinions toward nonlinear teaching are similar in elementary and

secondary schools regardless of the grade level of the schools.

Even still, most secondary school students find physical education less enjoyable than it was in elementary school.
This fact provides instructors of physical education with user input. This finding is encouraging for students looking
for strategies to bridge the gender gap in classroom settings. The effects of nonlinear pedagogy are also explored.
Keywords: attitudes toward nonlinear pedagogy, grade levels, gender, primary and secondary school students.

Introduction

Several studies have shown that primary school students’
attitudes toward science shift when they go to secondary
school (DeWitt & Archer, 2015; Geesa et al., 2019). Scholars
have found that the positive Attitude toward science dimin-
ishes between the ages of nine and fourteen, and that the
positive attitude toward science decreases in the final couple
of years of primary school (Barmby et al., 2008; Pell & Jarvis,
2001). Furthermore, according to Said et al. (2016), young-

© Tri Kaloka, P., Nopembri, S., Yudanto, & Elumalai, G.,
2022.
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sters are enthusiastic to investigate phenomena in the world
around them; but, this enthusiasm fades once they approach
junior high school, since students anticipate science classes
to be more engaging (Pell & Jarvis, 2001). Likewise, there
is a changing interest when learning physical education in
primary school students chance when they enter secondary
school (Bernstein et al., 2011; Sun, 2012; Sun et al., 2014).
Phenomena that exist include the presence of that girls get
older who do not participate and choose to do so because
they simply lack interest in sport (Sun et al., 2014), they were
girls clearly undermined them in PE classes (Hortigiiela-
Alcala et al,, 2021), even there is girl who said “she doesn't
like P.E. She always think teachers and her peers made her
fun of in PE, because she looked stupid” (Olafson, 2002).
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As aresult, elementary and secondary school are the crucial
grade levels for studying changes in children’s attitudes to-
ward science.

Differences in approach can be one of the problem fac-
tors in physical education learning (Syrmpas et al., 2017).
There has been a shift in physical education teaching from
the traditional teacher-centered approach to a student-cen-
tered approach. Teachers put a lot of emphasis on learning
that focuses on structured technical skills, not paying atten-
tion to the environment and student desires. In a student-
centered approach, the teacher is a facilitator, and students
are challenged to critically solve problems through individ-
ual exploration (Lee et al., 2017; Yi, Chow Jia, Keith Davids,
2017; Yi Chow, 2021).

Although in the traditional teacher-centered approach
mostly (usually 80% or more) students enjoy physical ed-
ucation subjects (Jaakkola et al., 2017; Rekaa et al., 2019;
Silverman, 2017). Unlike many subjects and those taught
in schools, physical education also includes a substantial
component of active play, both in the form of individual
sports and sports that have a strong appeal to young people.
However, there are still useful children up to 20% of children
do not enjoy physical education lessons are distracting les-
sons. In addition, there are indications that more and more
students find physical education less relevant, less interest,
and less enjoyable (Gard et al., 2013). Student-centered ap-
proach, especially in nonlinear pedagogy created a learning
environment that facilitated perceived competence, autono-
my, and relatedness, thereby potentially enhancing intrinsic
motivation and enjoyment during practice (Lee et al., 2017).

Nonlinear pedagogy is a powerful paradigm for under-
standing human movement by designing effective learning,
coaching, and training programs in sports, sports, and phys-
ical education. This type of pedagogy of complexity inherent
in learning has a focus on the movement skills of learn-
ers, the learning environment, and the teacher or trainer as
a complex interacting system (Yi, Chow Jia, Keith Davids,
2017). In this nonlinear pedagogy, the focus is on ecological
dynamics. Ecological dynamics is a theoretical perspective
that views skill behavior (psychomotor) from the interaction
of constraints at the level of perceptual-motor interaction.
From this perspective, the acquisition of expertise in indi-
vidual and team sports is based on continuous interaction
between individual learners and application in more specific
sports (Davids, 2012).

Physical education is one of the subjects used in the 2013
curriculum in Indonesia which applies student centered
learning. Physical education (P.E.) also an important part
of the national education program, and it aims to improve
physical fitness, movement sKkills, critical thinking skills,
social skills, reasoning, emotional stability, moral action, a
healthy lifestyle, and the introduction of a clean environ-
ment by providing learning experiences that are organized
and carried out systematically based on the values of faith
and devotion to God Almighty (Sutapa et al., 2020).

The principle of nonlinear pedagogy that leads to Social
Skills is a skill taught through learning at school, which is
useful for socializing with fellow students, the school envi-
ronment and the students living. Learners during the learn-
ing process must practice in a setting representative of the
performance environment to develop functional abilities
(Representativeness) (Renshaw & Chow, 2019), In this case,

the child must be able to communicate and socialise to de-
velop new movements. Learners can also practice together
and communicate in the hope that it can be directed to the
results of learning actions not only from their body move-
ments (Attentional Focus) (Komar et al., 2019). A non-linear
pedagogical also has perspective based on a student centre
approach has the potential to increase intrinsic motivation
and enjoyment during practice (Lee et al., 2017).

One of the skills that lead to the principle of nonlinear
pedagogy in 21st-century learning, 4C, namely 1) Commu-
nication is an activity to transfer information both orally
and in writing (Hidayatullah et al., 2021). Social skill is in-
cluded in communication skills because good communica-
tion will also have a good social impact (Cronin et al., 2020).
2) Collaborative (collaboration) Is the ability to collaborate
or work together, synergize with each other, adapt to various
roles and responsibilities, work productively with others; put
empathy in its place, and social skills (Social skills) are im-
portant to support the role in collaboration (Lee et al., 2014).

In general, each nation has its own set of traditions,
cultures, and educational systems, all of which influence
attitudes and behavior toward learning. Nonetheless, few
Indonesian scholars are worried with students’ attitudes,
particularly in communication. In Yogyakarta, most teach-
ers ignore the formation of a good attitude in favor of focus-
ing on academic accomplishment. The attainment of these
goals, however, does not imply a shift in students’ attitudes
about scientific study. As a result, the present research is
keen to look at students’ views toward science depending on
their gender and the grade level of the schools they attend, as
well as any interactions between the dimensions in terms of
their opinions. In a nonlinear approach, the examination of
this subject will yield data concerning the students’ percep-
tion and confidence in science. Scholars and educators may
be able to figure out changes in students’ communication at-
titudes in Indonesia, particularly in Yogyakarta, now that the
data are available. As a result, the research of communication
attitudes in relation to the views of Indonesian students will
add to the literature in the area of scientific education.

Materials and methods

Study participants

This research enlisted the participation of 1,160 students
from nine elementary and junior high schools. The partic-
ipants were chosen using the stratified random sampling
approach. Students at elementary and junior high schools
range in age from 11 to 14. The study was carried out in
the Indonesian province of Yogyakarta. This province is lo-
cated in the west of Indonesia. The distribution of samples is
shown in Table 1 below.

Table 1. Distribution of the Sample Based on Gender and
Grade of School

Grade of School
Gender Total
Elementary  Junior High School
Male 253 268 521
Female 310 329 639
Total 563 597 N: 1160
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Study organization

In this study, a quantitative research design was used.
Students’ opinions about nonlinear approach science were
evaluated using a questionnaire, depending on two vari-
ables: gender and school grade. To reach the study’s goal, the
researchers used TOSRA (Test of Science Related Attitudes).
Five scores describe diverse facets of attitudes toward non-
linear approach learning: career interest in sports science,
leisure interest in sports science, attitude toward scientific
inquiry, nonlinear science’s social communication implica-
tions, and pleasure of nonlinear lessons. TOSRA offers inde-
pendent scores to many different areas, according to Eccles
(2007), making it simpler for educators and researchers to
assess students’ communication attitudes.

Instrumentation

The following was the basic process of the current study:
selecting the pupils’ attitudes, especially students’ commu-
nication attitudes toward nonlinear science learning as the
focus; reviewing relevant literature; identifying the research
question; selecting appropriate measuring instruments for
the study; selecting schools for the sample; selecting school
grade levels for the sample; and selecting an area for the
sample. The TOSRA was the equipment that was utilized
to acquire the data. Kurniawan (2019) adapted the TOS-
RA questionnaire, which was originally devised by Fraser
(1978). The questionnaire was used to find out how stu-
dents felt about scientific classes. Fraser (1978) created a
TOSRA questionnaire with 70 questions divided into seven
scales with ten statements each. TOSRA is a well-designed
questionnaire for ATS research (Navarro et al., 2016). This
survey was created as a condensed version of the TOSRA.
This study used five TOSRA scales that were relevant to the
investigation. The societal consequences, especially commu-
nication attitudes of science, the normalcy of scientists, plea-
sure of nonlinear science classes, leisure interest in nonlinear
science learning, and interest in a career in sport science are
the measures that were chosen. The methods of selecting
five chosen items were Squared Multiple Correlation and
Alpha If Ttem Deleted. The alpha scale on these scales ranges
from.76 t0.89.

The researchers adapted Fraser’s dimensions of attitudes
toward science learning, which are: (a) communication
attitude to nonlinear learning - students’ preferences

regarding scientific inquiry in a nonlinear science learning;
(b) students’ career interests — a professional interest
in the field of sport science; (c) leisure activity related to
sport science — students are interested in being involved
in nonlinear science learning-related activities outside of
school in their spare time.

The Cronbach a coefficient was used to measure the
internal consistency reliability of TOSRA scales. Cronbach’s
Alpha Reliability Coeflicients for nonlinear scientific learn-
ing attitudes.82, enjoyment of nonlearning science lessons
.75, leisure interest in nonlinear science .80, nonlinear sci-
ence learning’s social implications 83, and a desire to pursue
a career in sport science. 80. Students were asked to use the
Likert scale to indicate whether they strongly agree (SA),
agree (A), undecided or neutral (N), disagree (DA), or se-
verely disagree (SD) with each statement of the instrument.

Students’ Attitude Towards Nonlinear Pedagogy
(ATNP) was determined via interviews. The questions were:
Do you enjoy nonlinear science lessons in the classroom?
Do you want to participate in nonlinear scientific learning
activities outside of the classroom? Do you wish to work in
the field of sport science in the future? Is there a beneficial
impact of nonlinear scientific learning on society? Following
the distribution of the questionnaire, 92 students (45 men
and 47 females) were asked to participate in an interview
session.They were chosen based on their attitude ratings,
which were divided into three categories: low, medium, and
high. Individual interviews lasted around 5-10 minutes.
Their perspectives were utilized to back up the quantitative
results.

Statistical analysis

Descriptive data analysis was conducted separately and
collectively for each grade level and gender, as well as for the
two aspects of attitude. The t-test and two-way ANOVA were
used after the assumption tests, which included normality (p
> 0.05) and homogeneity (p > 0.05). The t-test was used to see
whether there was any correlation between students’ ATNP
and other characteristics of respondents, such as gender and
school grades. The TOSRA questionnaire’s mean scores were
compared by gender and grade using the ANOVA method.
The main impact of both gender and school grade level, as
well as the interaction effect of those two factors, were inves-
tigated using a two-way ANOVA approach.

Table 2. Dimensions of the Test of Science Related Attitudes (TOSRA)

Dimensions Description Item
Communication attitude to nonlinear Students’ preferences on the attitude of communicating with 1,2,3,4,5
science learning others
Social Impliciations of nonlinear The positive and negative attitudes regarding the impact of 6,7,8,9,10

science learning
Students’ career interests

Leisure activity related to sport science

Students’ future interest in sport science

Students want to participate in science-related activities outside

nonlinear science learning on society

11,12, 13,14, 15
16,17, 18,19, 20

of school in their leisure time

Enjoyment of nonlinear science learning
lessons

The level of students” enjoyment of nonlinear science learning

21,22,23,24,25

Total

25 items
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Results

Attitudes Toward Nonlinear Science Related to Gender

The researchers looked at gender-based disparities in
students’ ATNP using the statistical approach of t-test. Male
and female pupils had statistically differing SATNP, accord-
ing to the statistics. The sentiments of women were more
favorable than those of men. Table 3 shows the differences in
ATNP between male and female students. According to Co-
hen’s criterion (1988), female attitudes (M = 3.79; SD = 0.47)
were more favorable than male attitudes (M = 3.57;
SD = 0.59) with a medium effect size (d = 0.54).

Table 3. t-test for ATNP Based on Gender

Gender N Mean SD Df t-value Effect size
Male 521 3.57 0.59
1041 14.75** 0.54
Female 639 3.79 0.47

Note:**p <.001

Table 4 illustrates the students’ ATNP on the five TOSRA
scales depending on gender differences. Overall, the TOSRA
scales demonstrate a significant difference between men and
females (p 0.001) (Table 4).

The findings showed that the average score for social
consequences of science was higher than that of the other
categories. Male students’ mean scores (M = 4.02; SD = 0.67)
are higher than female students’ mean scores (M = 3.96;
SD = 0.54).

Communication attitude to nonlinear Science learn-
ing receives the lowest rating across all measures for both
sexes. On that scale, the mean scores for female students are
(M = 3.43; SD = 0.51) and for male students are (M = 3.36;
SD =0.82).

Table 4 demonstrates that men scored higher than wom-
en for career interest in sport science. On this scale, there is a
considerable difference between men and females (M = 3.65;
SD = 0.52; M = 3.25; SD = 0.36). This suggests that male
students favor selecting a profession as a sport science. The

scale of leisure activity related in sport science also shows a
significant difference between men (M = 4.02; SD = 0.67)
and females (M = 3.64; SD = 0.43).

The students’ Enjoyment of nonlinear science learning
lessons makes up the third TOSRA rating in the question-
naire. The amount of science-related leisure activities also
differs significantly between men and women on this mea-
sure. As a result, male students scored higher than female
students (M = 3.69; SD = 0.70) (M = 3.55; SD = 0.80).

SATNP Related to Grade of School

The findings showed that the average score for social con-
sequences of science was higher than that of the other catego-
ries. The average rating of Table 5 presents SATNP in elementa-
ry and junior high schools for the purpose of assessing SATNP
in various grade levels. The data shows there is no discernible
difference between the seventh grade of secondary school and
the fifth grade of elementary school on the SATNP.

The statistics demonstrate that the mean attitude score
of Elementary school students (M = 3.74; SD = 0.54) is
more favorable than that of students in junior high school
(M = 3.68; SD = 0.50), even if this result suggests that the
difference was very insignificant.

Attitudes toward Nonlinear Pedagogy Related
to Gender and The Grade of The School

The main impact and interaction of gender and grade
level were statistically examined using the two-way ANOVA
method. Table 7 displays the findings from the TOSRA sur-
vey on students’ attitudes toward nonlinear pedagogy.

According to this research, men and women have quite
different levels of excitement for nonlinear science learning.
Boys in primary school have a higher positive attitude than
females do, as seen in Table 7 (M = 36.75; p < 0.001). Boys
exhibit a more eager attitude than Females do in junior high
schools (M = 35.78; p < 0.001).

According to Table 8, male primary school pupils are
more optimistic than female students. This state persisted

Table 4. Performance of ATNP Based on Gender for Each Scale

Male (N=521) Female (N=639) Mean
Scale . t-test
Mean SD Mean SD Difference
C(?mmumcat.lon attitude to nonlinear 136 0.82 343 0.51 0.07 420
Science learning
Soc1a.1 Impliciations of nonlinear science 3.79 0.68 3.96 0.54 0.17 520%*
learning
Students’ career interests 3.65 0.52 3.25 0.36 0.40 8.25%*
Leisure activity related to sport science 4.02 0.67 3.64 0.53 0.38 8.06**
Enjoyment of nonlinear science learning 3.69 0.70 3.55 0.80 0.14 488+
lessons
Table 5. Performance of SATNP Based on Different Grades of School
Level of School N Mean SD Df t-value Effect size
Elementary School (ES) 563 3.74 0.54
1031 1.90 0.14

Junior High School (JHS) 597 3.68 0.50
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Table 6. The Differences of SATNP Based on Grade for Each Scale

Elementary (N=563) Junior High (N=597) Mean
Scale . t-test
Mean Mean SD Difference
C(?mmunlcat.lon attitude to nonlinear 3.80 0.67 3.53 0.51 027 125
Science learning
Soc1a_l Impliciations of nonlinear science 375 0.70 379 0.67 0.03 0.79
learning
Students’ career interests 3.68 0.62 3.35 0.41 0.33 1.90
Leisure activity related to sport science 3.93 0.67 4.01 0.62 0.08 1.30
Enjoyment of nonlinear science learning 3.86 0.80 354 0.80 032 6,78+
lessons
“p< 0.01

Table 7. Analysis of SATNP Interaction by Grade Level and
Gender

Source SS Df MS M
Gender 16.88 1 16.88 70.10**
Grade 1.70 1 1.685 7.02%
Gender * Grade 0.002 1 0.002 0.008

Note: **p < 0.001; *p < 0.05

Table 8. Simple Main Effect Analysis by Gender and School
Grade for SATNP

Source SS Df MS F Sig  Post Hoc

Gender
Male 1.23 1 1.23 5.62* 0.03

E>S
Female 0.73 1 0.73 2.43 0.21
Grade
Primary 9.12 1 9.12  35.83*** 0.000 M>F
Secondary 8.23 1 8.23  34.72*%** 0.000 M>F

**p < 0.001; *< 0.05

into junior high school. According to the study, male sec-
ondary school students are more optimistic than female pu-
pils. Male students’ ATNP at the elementary level are more
favorable than those at junior high schools, according to the
school’s grade level.

Discussion

Based on gender disparities across the five TOSRA scales,
students” ATNP reveals that boys’ mean scores are somewhat
higher than girls, though not considerably. This demonstrates
that both men and women are interested in understanding
how sports science applies to daily life. They start to under-
stand that using sports science will improve their life. Particu-
larly among female students, students’ perspectives regarding
the social consequences of science had a significant role in
deciding their choice of scientific electives (Jerrim & Schoon,
2014). Many educators believe that students” perspectives on
the social aspects of science may influence their choice of a
future profession in science (Osborne et al., 2003).

The findings indicate that some students are comfort-
able with doing experiments to identify motions and prac-

tice them while learning about sports education, and they
favor nonlinear pedagogical learning since it may be effec-
tive. during learning, particularly in sport science-related
tasks. According to the interview data, some students are
interested in doing experiments including sport motions,
but they are hesitant to do so due to a lack of confidence.
Students are affected by it as well. The teacher is expected
to be able to help students in carrying out the movements
made by these students. Students should be encouraged to
feel confident in their findings and content with their efforts
to do scientific research (Toma et al., 2019). By performing
experiments, science instructors are meant to change the
students’ attitudes about science. This practice could serve as
an alternate strategy for boosting students’ interest in science
lesson. According to interview data, which demonstrate that
sport students aspire to be athletes or work in the sports sec-
tor, the data suggest that male students are more interested
in the career of sport science. According to Susilawati et al
(2022) study, male Indonesian students score higher on the
ATNP in sport science than female students do. According
to the results of the interviews, female students want to be-
come physicians, work in a lab, teach science, be an architect,
or something similar, whereas male students want to become
police officers, soldiers, soccer players, sports, etc. Male stu-
dents are more interested in physical activities than other
pursuits, as seen by this data.

Males are more interested in sport science than females
do, according to the feature of leisure interest in the field.
This result supports earlier research. Researchers have re-
peatedly discovered that most females are more physically
inactive than boys (Nader et al., 2008; Pugliese & Tinsley,
2007). Shropshire et al (1997) also found Boys were shown
to be less influenced by environmental influences and to
be much more engaged in physical education than females.
Compared to the males, the girls exhibited a more favorable
attitude toward the instructor and showed less care for how
the curriculum was organized. After learning about sport
science, they like to talk about it. Contrary to male students,
female students find viewing sports programs on TV, listen-
ing to sports discussion on the radio, and discussing sports
with friends after school to be boring. In the interviews,
more male students than female students indicated a desire
to attend sporting events on the weekends. In a nutshell, this
finding provides science instructors with critical input to
assist them improve female students’ attitudes toward sport
science. It is proposed that in order to encourage their pupils
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to study about sport science, the instructors may set up field
excursions.

The TOSRA scale shows no significant difference be-
tween elementary and junior high schools for the interest
scale in a career in sports science, leisure interests in sport,
attitudes towards sport investigation, and the social impli-
cations of sport science. Students in grades five and seven
have the same ATNP, according to the results. The fact that
students express a strong desire to engage in sports science
courses lends credence to this condition. According to re-
search, students in both school classes are open to pursuing
professions in athletics, which is related to the pursuit of jobs
in sports science. They believe it would be fascinating to pur-
sue such a career. The findings indicated that both groups’
pupils responded more positively to phrases like “my future
aspiration is to be an athlete or in the sports sector.”

In a word, pupils in elementary and junior schools have
comparable favorable opinions of nonlinear instruction. The
TOSRA scores demonstrate this fact: they are interested in
jobs in sport science, they like playing sports for fun, they
have a positive communicative attitude toward nonlinear
scientific learning, and they are aware of the social conse-
quences of nonlinear science learning. However, the interest
in science among elementary school pupils who transfer to
junior high schools sharply decreases. Related to the level
of schools, male students’ ATNP in elementary schools are
better than in junior high schools. However, when they enter
junior high school their attitude toward nonlinear pedad-
ogy declines slightly. As a result, the practical significance
of this difference seems dubious. Moreover, even though the
female students’ attitudes are less positive than those of the
male students, their attitudes tend to be the same between
elementary and junior high school. This study shows that
male students in elementary schools feel more enthusiastic
in physical education class. Similarly, male students exhibit
more enthusiasm than females do in junior high schools.

Conclusions

At both levels of education, the findings indicate that
male students had a higher positive ATNP than female stu-
dents. Higher specifically, across the board, male students
had more positive ATNP than female students. Students in
higher grades score less favorably on attitude than those
in lower grades. This situation is a reflection of the wider
trend affecting physical education instruction in Yogyakarta
Province. It suggests that boys are more enthusiastic about
science than females are. This unexpected result is in con-
trast to earlier research. Numerous studies have shown that
women generally have more favorable opinions about sci-
ence than men do. However, the interviews revealed that
male students showed more interest in sports science activi-
ties than female students did. Male students routinely work
more than female students, and as a result, they are better
suited to handle the demands of learning than their female
peers are.

The data shows that there is no discernible variation in
students’ ATNP between the fifth grade of elementary school
and the seventh grade of junior high school, according to
the grade of the schools. The results demonstrate that the
mean score of the students’ attitude in elementary schools is
higher than in secondary schools, despite the fact that this

finding suggests that the differences are extremely modest.
It is noteworthy that Yogyakarta pupils disclose that their
ATNP is the same in the province’s primary and junior high
schools, contrary to previous studies. However, children’ en-
thusiasm for science greatly decreases as they attend junior
high school. This outcome provides physical education in-
structors with valuable feedback as they work to maintain
the students’ favorable perception of nonlinear pedagogy.
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AOCNIOXEHHA CTABJIEHHA YYHIB A0 HENIHIVMHOI NEQATOTIKN
3ANIEXXHO BI1J, POKIB HABYAHHA TA TEHOEPHUX BIAMIHHOCTEN

ITacka Tpi Kanoxa'A®PE; Coni Homem6pi'A“PF, IOmanTo'“?, T'ynateBan Emymamnait?®c

!II>kOK AKapPTChKNUII TepyKaBHUI YHiBepCHUTET
*YuiBepcuret ocBitn imeni Cynrana Inpica

Pedepar. Crarts: 7 c., 8 Tabm., 36 mxeper.

BaxknnBo He 3a0yBaTy, 10 pe3y/IbTaTy HABYAHHI — Lje He €IMHe JOCATHEHHs YYHIB, @ CTAB/IEHHs TAKOX € BOX/IMBUM 3[10-
Oy TKOM HaBYaHHS.

Merta gocmimkeHHs. MeTOI0 [[bOr0 JOCTI/PKEHHs 6Y/I0 BUBYEHHs CTaB/IeHb YYHIB, 0COONMBO CTOCOBHO CTaB/IEHHs JIO He-
niniraoi neparoriku (COHIT) y micti Jxox’sikapra (IHfoHe3is1) BifIOBigHO 0 TeH/iepa Ta POKiB HABYAHHS.

Marepiamu Ta MeTopu. Y BoCTifkeHHi 6pamu ydacTb 1160 miTeil: yuHi I'ATUX KIaciB OYaTKOBOI IIKOIM Ta Y4HI BOCBMUX
KaciB cepenHboi mkomu. [lo yyacti B gocimkeHHi Oy BmodeHi 3aranmom 18 mikin 3 yciel nposinnii. s 360py paHux Bu-
kopucroByBanu «Tect HaykoBo OB’ s13aHux crasienb» (TOSRA). Llst aHkeTa € eeKTUBHOW A/Isl 300py ONMCIB CTaB/IeHDb YYHIB
710 OL[iHOK HEJIiHiJTHOI ITearoriKy i1 KOHKPETHOI IPYIN YIaCHUKIB, OCKi/IbKM B HiJl BUKOPUCTOBYETbCA ICUXOMETPUYHA IIKA/Ia
Jlajixepra.

Pesynbratu. Pesynbratyt JOCTIIKEHHs TTOKA3yIOTh, 1[0 YYHI MAlOTh aOCOMIOTHO pi3Hi piBHI eHTy3ia3My [0 He/iHIIHOrO Ha-
BYaHHA HayK. ¥ IIOYaTKOBIlI IIKOJIi yYaCHMKM YOJIOBiYOI CTaTi BUAB/IAIOTD BUILMI CTYIIiHb TIO3UTUBHOTO CTAaB/I€HH:A, HDK Y4acHM-
ku xinovoi crari (4 = 36,75; p < 0,001). Y Momopmmx Kacax cepefHboi KOV YYaCHUKM JOI0BiY0I CTaTi BUABIAIOTD 3aB3ATillle
CTaBJIeHH:, HDK y4acHUKM XiHouoi ctati (U = 35,78; p < 0,001). Ha ocHOBI ofiep)kaHUX faHKX OY/I0 BCTAHOBJIEHO, 1[0 B CEPEHIX
HIKO/IaX YYaCHMKY 9OJIOBIYOi CTaTi MalOTh 6i/1bIlIe TO3UTUBHUX CTaBJIEHb, HIXK y4JacHUKH Xinovoi crari (8,23, U>)K). Bigmosiguo
1o pokis HaBuaHHA y mkomi, CIJHII yyacHMkiB 40/10Biuoi cTaTi, AKi HABYAIOTHCA B IOYATKOBI MIKO/I, € Ho3uTyBHimMM 3a CITHII
YYacCHMKIB YOJIOBi40]1 CTaTi, AKi HABYAIOTHCA B MOIOJIINX K/IacaX CEPeIHbO]I KON,

BucnoBku. CraTycTi4Hi 1aHi TOKa3y0Th, 1[0 CTaB/IEHH: YYHIB O HE/MiHITHOrO BUK/IAaJaHHA € aHAJIOTiYHMMM B ITIOYaTKOBIil
i cepeHiil IIKO/TAX, HE3a/IE)KHO Bijj POKIB HABYaHHsI B L{MX LIKO/TaX. TvM He MeHIII, 61/IbIIICTD YYHIB CepeHbOI LIKO/IM BBAXKAE, IO
¢isuuHe BUXOBAHHS [IPUHOCUTD MEHIIIe 3a/JOBO/ICHHS, HDK Y TOYATKOBII KO/, []/1s1 BumTeiB (isMIHOr0 BUXOBaHHS Lieil (PaKT €
BXiJJHMM CUTHAJIOM Bifj KopucTtyBauiB. Lleit pe3ynbTaT € 0OHANIMIMBYUM IJIA Y4HIB, AKi ITYKaIOTh CTpATeTil HOfJ0/IaHHA TeH/[epHOI
HEepiBHOCTI B yMOBaX HaBYaJIbHOTO K/1aCy. BIUIMBYM HeMiHIHOI Iefaroriky TaKoX SOCiIKYIOThCA.

KnrodoBi cmoBa: cTaB/ieHHs 10 He/liHilTHOI Ielaroriky, pOKM HaBYaHHA, TeHep, YYHi I0YaTKOBOI Ta CepefHbOI IIKOMM.
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Abstract

Resting heart rate is a reliable biomarker for measuring fitness in terms of cardiovascular health as well as analyzing

an athlete’s recovery.

The study purpose was to explore the resting heart rate and cardiovascular endurance of the cricketers and middle-

distance runners of West Bengal.

Materials and methods. Forty male sub-elite athletes with a mean age of 19.8+2.4 years, height of 1.66+0.05 m, and
body mass of 55.5+7.0 kg were randomly selected and categorized as cricketers (20) and middle-distance runners
(20). Five-minute RR intervals were recorded during a resting state in the supine position using a Polar V800 smart
watch along with a Polar H10 chest strap and a Polar H7 heart rate sensor. Cardiovascular endurance (predicted
VO,max) was measured using the Yo-Yo intermittent recovery test Level 1.

Results. Mean resting heart rate, SDNN, rMSSD, pNN50, and predicted VO,max of cricketers and middle-distance
runners have been found to be 57.2+5.9 bpm, 53.5+26.6 ms, 68.4+36.8 ms, 40.9+23.2%, and 48.4+1.7 ml/kg/min
and 61.7+7.3 bpm, 47.0+18.8 ms, 59.2+27.3 ms 32.4+20.9%, and 49.0+2.2 ml/kg/min, respectively. No significant
difference was observed in time domain parameters and predicted VO,max, but a significant difference (p=0.033)
was observed in resting heart rate of two groups. A significant negative (r= -0.62, p=<0.001) association has been

observed between resting heart rate and predicted VO,max.

Conclusions. The low resting heart rate of the cricketers may possibly have come from higher training load borne by
the young players. Based on the players’ predicted VO,max, it looks like having good cardiovascular fitness is just as
important in modern cricket as it is in middle-distance running.

Keywords: heart rate variability, time domain analysis, VO,max, Polar, Yo-Yo test.

Introduction

Heart rate (HR) has been used for a range of intents
under clinical, industrial, and sports settings (Nunan et al.,
2010; Baggish & Wood, 2011; Nes et al., 2013). In the clini-
cal perspective, 60-100 beats/min is taken as normal range
(sinus rhythm) of resting heart rate (RHR) (Olshansky et al.,
2022). Many studies have reported the resting heart rate val-
ues of the sports persons (Jensen-Urstad et al., 1997; Rexhepi
& Brestovci, 2014; Biswas, 2020). Effective training programs
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according to the HR zone can be set if RHR is known (Plews
et al., 2013; Vesterinen et al., 2013; Reimers et al., 2018).
Numerous studies express that RHR increased due to para-
sympathetic type of overtraining (Fry et al., 1991; Jensen-
Urstad et al., 1997; Berkoff et al., 2007; Reimers et al., 2018).
It is well known that Yoga reduces RHR significantly because
of its aerobic nature (Biswas et al., 2021). Endurance train-
ing also reduces RHR by increasing end diastolic volume
(Plews et al., 2013). Studies on RHR and heart rate variability
(HRV) are important to identify the training effect, health
status, and presence of a clinical state (Baggish & Wood,
2011; Olshansky et al., 2022). On the other hand VO,max
is an important marker for understanding cardiovascular
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efficiency (Hoque, 2019). The association between RHR and
cardiovascular endurance is well documented, but limited
research has been conducted on the variation of resting heart
rate and cardiovascular endurance of sub-elite cricketers and
specialized middle distance runners. Thus, the present study
was carried out to explore the resting heart rate and cardio-
vascular endurance of the cricketers and middle distance
runners of West Bengal.

Materials and methods

Study participants

Forty male volunteers were randomly selected from
various districts of West Bengal and categorized into two
groups: cricketers (20) and middle distance runners (20). All
the cricketers who were registered members of the Cricket
Association of Bengal (CAB) and West Bengal Athletic As-
sociation (WBAA) affiliated 800m and 1500m runners were
included in the study. All the volunteers had been trained for
more than three years and had competed for their districts
at the state level. According to the ECG results, all of the vol-
unteers were free of any cardiovascular disease (Kossmann,
1953). They were also informed about the study content and
provided written consent in accordance with the Ramak-
rishna Mission Vivekananda Educational and Research In-
stitute’s academic and research ethics code.

RR intervals recordings

The test technique was explained to all volunteers prior
to the testing. The volunteers did not consume anything for
at least one hour before the test. Individuals were asked to
breathe normally during the RR interval recordings. After
10 minutes of relaxation in a supine position, RR intervals
were continually recorded using a Polar heart rate monitor
(Polar V800 smart watch with H7 Bluetooth sensor). After
two minutes of stabilization, RR intervals were obtained for
five (5) minutes. The data was taken in a quiet room between
11:30 a.m. and 3:30 p.m.

Cardiovascular endurance

The Yo-Yo intermittent recovery test Level 1 (YYIRI])
was conducted on the same day of RR intervals recording
in the afternoon session (between 4:30p.m. and 5:30p.m.)
to measure predicted VO,max. According to the YYIRI1
protocol, the volunteers were instructed to perform the test
(Bangsbo et al., 2008). A test run was also conducted by the
researcher to clear the test protocol. The predicted VO,max
was measured using the formula of Jens Bangsbo (predict-
ed VO,max = IR1 total distance covered (m) x 0.0084 +
+ 36.4 ml/kg/min).

Data sorting

Polar flow sync app was used to export the raw data files
to the computer. The Kubios HRV Standard software (ver-
sion 3.3.1) was used to analyze the time domain parameters.
The calculations included the NN interval (from the filtered
RR interval), SDNN, rMSSD, and pNN50 (Shaffer & Gins-
berg, 2017).

Statistical analysis

Shapiro Wilk normality test was applied to understand
the distribution pattern of the data set and majority of indi-
vidual centric data sets fitted into the normal distribution
curve, so parametric significance test, paired sample T test
was applied to find out the significance differences if any be-
tween the groups. According to the patterns all the data were
expressed as Mean * Standard deviation. Gnumeric spread-
sheet software version 1.10.16 and IBM Statistical Package
for Social Sciences (SPSS) ver. 20 and were used for analysis
and graphical presentation. The level of significance was set
at a < 0.05.

Results

The demographic characteristics of two groups are
shown in Table 1. No significant difference has been found
in chronological age of the volunteers, but significant dif-
ferences were found in height, body mass and BMI of two
groups. The body mass of middle distance runners was sig-
nificantly lower than that of cricketers. The cricketers were
significantly taller than the athletes.

Table 1. Basic physical variables of cricketers and middle
distance runners

Variables Cricketers oD P value
runners
Age (years) 19.1+21 204+25 0.69
Standing height (m)  1.69 £ 0.02 1.63 £ 0.05 6.9%°
Body mass (kg) 60.3+3.9 50.7 £ 6.2 2.5¢¢
BMI (kg/m?) 211+£12 19.0+ 1.6 1.2¢6

Table 2 displays the values of NN interval, SDNN, rMS-
SD and pNN50 according to groups. The NN interval of
middle distance runners was significantly lower than the
cricket players, which indicates a higher resting heart rate of
the athletes. The values of time domain parameters of HRV
such as SDNN, rMSSD, and pNN50 are lower in athletes
than that of cricketers. However, no significant differences
are observed in the time domain parameters of two groups.

The figure 1, displayed a clear pictoral view of significant
(r =-0.62, p = 1.51E-5) negative relationship between pre-

Table 2. Analysis of RR intervals and time domain
parameters of HRV are displayed in the below noted table
using Kubios HRV Standard software (version 3.3.1).

Parameters Cricketers MG alEnes P value
runners

NN intervals (ms) 1065.2 + 84.1 997.7 £ 111.7 0.0238

SDNN (ms) 53.5+26.6 47.0 £ 18.8 0.3527

rMSSD (ms) 68.4 + 36.8 59.2+27.3 0.3633

PNN50 (%) 40.9 £23.2 32.4+20.9 0.2524

dicted VO,max and resting HR. The regression equation to
predict predicted VO,max (Y) in reference to RHR (X) has
been found Y= -0.23 X+62.01 with R2 =0.39).

The pooled RR intervals for cricketers and middle dis-
tance runners have been found to be 1059 + 105ms and 987
+ 124ms respectively. All the pooled RR intervals were con-
verted into HR. The mean RHR of the cricketers and middle
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Fig. 1. Relationship between resting heart rate and predicted
VO,max

distance runners have been found 57.2 + 5.9 bpm and 61.7 +
+ 7.3 bpm respectively. A significant difference (p = 0.0328)
has been observed in pooled RHR among the two groups.
The predicted VO,max of the cricketers and middle dis-
tance runners have been found to be 48.40+1.69ml/kg/min
and 48.95+2.18ml/kg/min respectively but did not exhibits
any significant difference (p=0.29). Although the 95% con-
fidence intervals for HR variation in cricketers and middle
distance runners were only slightly different, it was found
to be 47.8-64.8 bpm and 46.9-69.0 bpm, respectively. Wide
fluctuation in the RHR has been noticed in both groups’
volunteers in five-minute segments.

Discussion

The observation of taller players in cricket may have
come from the natural selection process where relatively
less affluent populations take part in athletics compared to
cricket in India. Economic conditions might also influence
the height and weight of the players in the same age group.
According to chronological age, both groups are similar, but
physical structure transformed them into heterogeneous
groups. The values of the RHR of both groups are less than
the sedentary population (Catai et al., 2002). Rapid fluc-
tuation in RHR has been observed in both groups, which
reflects parasympathetic control of the heart (Plews et al.,
2013; Biswas, 2020). Although the RHR values of cricketers
and athletes are the same as healthy adults in middle Norway
(Nes et al., 2013). Time domain parameters such as SDNN,
rMSSD, and pNN50 of two groups lie in the normal range,
but a relatively high value of time domain parameters has
been observed in cricketers (Plews et al., 2013; Shaffer &
Ginsberg, 2017). Resting HR of two groups has been ob-
served below normal level (Olshansky et al, 2022). Low RHR,
a type of bradycardia, has been observed in both groups
(Jensen-Urstad et al., 1997; Plews et al., 2013; Reimers et al.,
2018). ECG recorded at rest did not exhibit any arrhythmia
or changes that may indicate an abnormal condition of the
heart (Kossmann, 1953). In the study, low resting HR at rest
indicates parasympathetic dominance (Berkoft et al., 2007).
The values of rMSSD and pNN50 also support this observa-
tion (Vesterinen et al., 2013; Shaffer & Ginsberg, 2017). The
SDNN value of two groups indicates good overall HRV sta-
tus. A low RHR may be caused by a parasympathetic type of
overtraining (Fry et al., 1991). Alteration in the left ventricle
may also be the cause of low RHR (Fernandes et al., 2011).

A significantly lower RHR has been observed in cricketers
compared to middle distance runners, but no significant
difference has been observed in time domain parameters
of HRV. From this point of view, only low RHR is unable to
express a significant difference in the overall physical state
and physiological ability, because the HRV parameters of
both groups are merely similar. In recent years, The Cricket
Association of Bengal (CAB), implements multi days tour-
naments (85 overs X 2 days in league stage and 85 overs X 3
days in knockout stage) at the grassroots level, which could
be the cause of this acclimatization. The predicted VO,max
of the cricketers was a little higher compared to the cricket-
ers of Kerala, India but lower than elite Australian cricketers
(Hoque, 2018). Due to training adaptation, a low resting
heart rate has been observed, which is also supported by
SDNN and predicted VO,max. However, the average train-
ing years of the cricketers were higher than that of middle
distance runners, which may also be the cause of the sig-
nificantly lower RHR. The observed relationship between
resting heart rate and predicted VO,max is also supported
by the findings of Agron and Behlul (2014).

The findings of time domain parameters in the study,
such as SDNN and rMSSD values, are lower than elite
American track and field athletes (Berkoff et al., 2007). The
findings of the RHR of athletes and cricketers are relatively
lower than the observations of Jensen-Urstad et al. (1997)
and Martinelli et al. (2005). A higher SDNN value has been
observed in cricketers than in Brazilian athletes (Martinelli
et al., 2005). The findings of the RHR of the cricketers are
lower than those of Indian field hockey players (Manna et
al., 2009) but higher than the findings of Finland’s marathon
training runners (Vesterinen et al., 2013).

Conclusions

Bradycardia was discovered in the cricketers and mid-
dle-distance runners. The study explores the resting heart
rate and predicted VO,max of the cricketers and middle dis-
tance runners, which will help coaches and physical trainers
to create HR guided training regimens, understand morning
readiness as well as overtraining syndrome. RHR derivate
regression equation can be useful for determining predicted
VO,max of grassroots level players.
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HYCCY CTAHI CNMMOKOIO TA CEPUEBO-CYAUHHA BUTPUBANICTb
NMPOBIHLUIVNHUX FPABLIB Y KPUKET | BITYHIB HA CEPELHIO
AUNCTAHLUIIO: CNOCTEPEXEHHA

Cy6xamric bicac'48°?, Bankim bicBac'**“P, Aukyp bicBac?**P,
Tominat bxoymik Bxynis'ABCP
Yy yH

'Micis Pamaxpimna BiBekananga HaByanbHO-goCmifHuii iHCTUTYT
*YuiBepcuret Kanbsani

Pedepar. Crarsi: 5 c., 2 Tabn., 1 puc., 21 mxepero.

ITokasHMK 4aCTOTH CepIieBUX CKOPOUEHb y CTaHi CIIOKOIO € HafliltHUM 6ioMapKepoM fi/is1 BUMipIoBaHH: (i3nuHOI HiAroToB/Ie-
HOCTI B YaCTHHI 30pOB’sl CepLieBO-CYAVHHOI CUCTeMH, @ TAKOX I aHa/Ii3y BiTHOBIEHHA CIOPTCMEHA.

Mertoro gocrimkenns 6yno susueHHss YCC y cTaHi CIIOKOIO Ta CeplieBO-CYANHHOI BUTPYUBAIOCT] IPaBLIiB y KpUKeT i 6iryHiB
Ha CepefIHIO AVCTaHIIio 3i mrary 3axigHa benranis (Inpis).

Marepianu Ta MeTOAM. YYaCHUKAMM BOCTI/PKEHHA cTamyu 40 BMCOKOK/IACHUX CIOPTCMEHIB perioHaIbHOro PiBHA 40/I0Bi40i
craTi cepenHiM BikoM 19,8+2,4 poky, 3poctom 1,66+0,05 M Ta 3 iHffeKcoM Macy Tina 55,5+7,0 Kr, sAKi 611 BifibpaHi BUIafKOBUM
YMHOM 1 TOfii/IeHi Ha KaTeropii rpaBiiB y Kpuker (20) Ta 6iryHiB Ha cepenHio aucraHiio (20). PeectpyBamn ' ATUXBIUINHHI Kap-
nioinTepBanu (RR-iHTEepBam) y CTaHi CIIOKOI0 B IOJIOKEHHI JIe)Kadn Ha CIMHI 3 BUKOPUCTAHHAM CMapT-roguHHuKa «Polar V800»
pasoM i3 HarpygHuM pemeneM-mrynbcomerpom «Polar H10» i marunkom YCC «Polar H7». BumiproBaHHsI MOKasHUKIB ceplieBO-
CYAMHHOI BUTPUBAIOCTI (IIPOrHO30BaHe 3HAYEHH: MaKCHMaJIbHOTO CIOKMBaHH:A KicHI0O — MCK) 3piiicHIOBamm 3a JJOIIOMOTO10
iHTepBanbHOTO TecTy Ha BiHoBNeHHs Vo-Vo, Pisenn 1.

Pesynbraru. Byno BcraHOB/IEeHO, 10 cepenni mokasHuky YCC y cTaHi CIIOKOI, CTaTMCTUYHOTO BifXMlIeHHA HOPMa/IbHUX
RR-inTepBaniB (SDNN), crangapTHoro BigxuiaeHHsa RR-inTepsanis (rMSSD), BigcoTky mocnigoBunx RR-iHTepBamiB i3 Bifi-
minHicTio oHag 50 mc (pNN50) ta nporaosoBanoro MCK rpaBijiB y kpuker i 6iryHiB Ha CepefHIO AMCTAHII JOPIBHIOITDH
57,2%5,9 yn./xB, 53,5£26,6 Mc, 68,4+36,8 mc, 40,9+23,2%, 48,4+1,7 mn/xr/xB Ta 61,7+7,3 yn./xB, 47,0+18,8 mc, 59,2+27,3 Mc,
32,4%20,9%, 49,0+2,2 m/Kkr/xB BignosigHo. JKogHOI CTaTMCTUYHO 3HAYYIIO] PisHMUIN HmapaMeTpiB y 4acoBi obmacri Ta Ipo-
rHo3zosaHoro MCK He criocrepiranocs, ajie ClocTepiraiacsi CTaTUCTUYHO 3Havyma pisHuis (p=0,033) mokasuukis YCC y crani
CITOKOI0 ABOX Ipym. CriocTepiraBcst CTaTUCTUYHO 3HAYYIWIT HeraTuBHuMi (r= -0,62, p=<0,001) 38’130k Mixk YCC y cTaHi Cr10Ko0
Ta nporsososanum MCK.

Bucnosku. Huspkuit nokasauk YCC y cTaHi CIOKOIO IPaBIIiB Y KPUKET, MOXK/INBO, € PE3yIbTaTOM BUIOTO TPEHYBATbHOTO
HaBaHTA)XXeHHS, IKe HECYTbh MOJIOZ] IpaBlli. 3 OrnAly Ha nporaososanmii nokasHuk MCK rpasuis, 35aeTbcs, 10 HaABHICTD Tap-
HOTO (YHKIIiOHAJIbHOTO CTaHY CepIieBO-CYAMHHOI CHCTeMN € He MEHIIOI Mipoio BaK/IMBOIO B CYyYaCHOMY KPUKeTi, HX y 6iry Ha
CEpEeNHIO IVMCTAHIIIIO.

Kntouogi cnosa: BapiabenbHiCTh CeplIeBOTo pUTMY, aHasli3 y yacosiit o6macti, MCK, Polar, tect Vo-Vo.
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Abstract

The purpose of the study is: 1) development and unification of a system of training loads monitoring by the nature
of the physiological impact on the basketball players’ body; 2) study of the strategy of preparing a highly qualified
basketball team for important international competitions, namely: to find out the nature of the distribution of means
of different physiological, as well as technical-tactical and game orientation at different stages of preparation; 3) test

basketball players before and after training.

Materials and methods. A team of highly qualified basketball players (masters of sports and masters of sports of
international class) in the number of 15 people participated in the research. The assessment of physical load by the
nature of the physiological impact on the body of basketball players during 18 microcycles using 4 — 1 system, that is,
4 working days and 1 day off, was carried out. Athletes were tested before and after training.

Results. The dynamics of the means of training by the nature of the physiological impact on the athletes’ body

have been established. The nature of the distribution of means at different stages of preparation has been

established. The test results before and after training are shown.

Conclusions. The research results showed that a certain accounting system based on assessments of the nature

of the tasks to be solved and the degree of compliance with the specifics of their game activities has developed in
basketball. At the same time, research have indicated the need for accounting and analyzing of the training loads by

the nature of physiological impact on the body of athletes.

Keywords: basketball, training loads, highly qualified basketball players.

Introduction

In the theory and practice of basketball, the issues of
planning and managing the training process are resolved,
as a rule, based on the experience and intuition of coach-
es (Kondrashin & Koryahin, 1978; Koryahin, 2018; Anas-
tasiadis, 2006).

Effective management of the training of basketball play-
ers is possible only when solving the following tasks (Kon-
drashin & Koryahin, 1978; Koryahin, 1998): 1) creation of
a unified system of accounting and analysis of the train-
ing loads; 2) determination of the most effective means and
methods of training; 3) optimization of the construction of
the training process, i.e. finding ways of the most rational
distribution of means and methods of training at different

© Koryahin, V., 2022.
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stages of training; 4) development and unification of the sys-
tem of control over the level of training of basketball players.

The first step towards creating a unified system of ac-
counting and analysis of the training loads can be the clas-
sification of exercises used as training tools according to
certain characteristics (Altberg, 1971; Poplavsky, 2004;
Semashko, 1976).

The systems developed earlier were built on the basis of
assessments of the nature of the technical-tactical tasks being
solved and the system of their compliance with the specifics
of the game activity of basketball players (Raiola, Altavilla,
Tafuri, & Lipoma, 2016; Ben Abdelkrim, Castagna, El Fazaa,
& El Ati, 2010; Gonzalo-Skok, Sdnchez-Sabaté, Izquierdo-
Lupén, & Sdez de Villarreal, 2019). Another approach to
systematization is based on accounting of the physiological
impact of loads on the body of athletes (Hoare, 2000; Mont-
gomery, Pyne, & Minahan, 2010; Ciuti, Marcello, Macis,
Onnis, Solinas, & Lai, 2009).
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When establishing the gradations of training loads in
basketball, two fundamental approaches can be used (Kon-
drashin & Koryahin, 1978):

1. Systematization of exercises, taking into account the
characteristics of physical loads.

2. Gradation of loads on the base of accounting of physi-
ological changes in the body of athletes that occur when
performing exercises.

However, in basketball, such a determination of the pa-
rameters of physical exertion is not always possible and a
greater priority should be given to the accounting of the
physiological reactions of the body that occur during physi-
cal loads. Based on the established ratios between the indi-
cators of physical load and physical shifts in the body, all
exercises used in the training of highly qualified basketball
players were divided into 4 types of training loads:

1. Aerobic exercises.

2. Exercises of mixed aerobic-anaerobic orientation.

3. Exercises of anaerobic-alactate orientation.

4. Exercises of anaerobic glycolytic orientation.

It should be noted that the determination of the im-
mediate training effect of special exercises and their system-
atization by the nature of the physiological impact do not
yet determine how rationally it will be built as a whole. The
main question in this problem is: which and in what volume
the exercises should be used? Therefore, it is important to
find out what is the strategy of training in basketball, what
means are given more attention, what are the dynamics of
these means at different stages of training? Clarifying these
issues allows us to summarize previous experience and sub-
sequently make adjustments to the training process.

Materials and methods

Participants and research organization

A team of highly qualified basketball players (masters
of sports and masters of sports of international class) in
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the amount of 15 people took part in the research during
the period of preparation for important international
competitions. During the training period, a 4-1 microcycle
was used, that is, 4 working days and 1 day off. A total of
18 microcycles were performed. During the training period,
basketball players were tested in order to determine the level
of their physical and technical preparedness before and after
training. The following tests were used: 6 m and 20 m run,
jumping height, shots from the spot (the number of hits out
of 40 shots and the time of operation were determined),
free throws out of 30 (number of hits), running across the
court from one front line to another 3 times for 40 seconds
after 1 minute of rest (number of meters covered), Cooper
test (Koryahin, 1998; Koryahin, Hrebinka, Prystynskyi,
& Prystynska, 2022).

Statistical analysis

To maintain a laboratory journal, to perform operations
on sorting the results obtained and their storage, and to cal-
culate statistical data, the MS Excel program was used. The
choice of mathematical statistics methods was an adequate
to the goals and objectives of our study and included the
use of the following methods: the arithmetic mean of the
primary data, the error of the average value, the standard
deviation and the reliability of the difference between the
data obtained.

Results

The results on the distribution of means of different
physiological orientation are presented in Fig. 1

As can be seen from Fig. 1, the volume of means of aero-
bic impact gradually increased from stage to stage, but de-
creased noticeably during the period of the team’s participa-
tion in international tournaments (8-9, 13-16 microcycles,
see Fig. 2). At the same time, the volume of aerobic-anaero-
bic exercises increased significantly. With the main interna-

T T T Y

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

microcycles, number

Fig. 1. Dynamics of the volume of training means of different physiological orientation, which were used
during the preparation of a highly qualified basketball team for important international competitions:
Ordinate axis — the volume of training load, min; Abscissa axis — microcycles, number; a — volume of training load,
mainly aerobic orientation; b - aerobic-anaerobic orientation; ¢ — anaerobic alactate and anabolic orientation; d -

anaerobic glycolytic orientation.
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tional competitions approaching, the volume of aerobic and
mixed aerobic-anaerobic means decreased. At this stage, the
volume of speed-power means (alactate anaerobic impact)
increased and for the first time during the entire training pe-
riod, exercises aimed at developing the speed endurance of
basketball players (anaerobic-glycolytic effects) were used.

The results of the distribution of means of technical,
tactical, technical- tactical and game training are presented
in Fig. 2.

Technical training Technical—tactical training

400 400
300 - 213 300 213
N
200 200
100 100
0 ; . ; 0 . 1 [~

02 4 6 8 10 12 14 16 18

02 4 6 8 10 12 14 16 18

Tactical training

400 - 400 -
300 203 / 300 2|3
200 - 200 \/.
]
100 \4 100 Ny /
T - T T — ‘

02 4 6 8 10 12 14 16 18 02 4 6 810 12 14 16 18

Game training

Fig. 2. Dynamics of distribution of means of technical,
technical-tactical, tactical and game training at different
stages of preparation of basketball players for important
international competitions:

Ordinate axis — amount of time, min.

Abscissa axis — microcycles, number.

Columns in Fig. 1, 2, 3 - participation in international
tournaments.

As can be seen from Fig. 2, there is a certain pattern
in the distribution of means aimed at improving technical,
tactical and game training. The volume of technical training
gradually decreases as official responsible international com-
petitions approach, the volume of tactical and game training
increases.

The results of testing basketball players before and after
the preparation for important international competitions are
shown in Table 1.

As can be seen from the table, basketball players in-
creased their performance in all tests, with the exception
of jumping height. It should be noted that in such tests as
the time of work in throws from spots, running 3x40 sec-
onds, the differences are not reliable (p < 0.95), but, in any
case, there is no decrease in indicators. There are practi-
cally no differences in the average values of jumping height
indicators (Ist examination — 48.8 cm, 2nd examination —
49.0 cm). Therefore, coaches should not ignore the thesis
that qualified basketball players can develop jumping ability
without using exercises with weights. This, of course, does
not mean that you do not need to use jumping exercises in
training. In addition, jumping exercises develop “explosive”
strength, coordination of movements, specific skills (for ex-
ample, during a jump shot, fighting for the rebound of the

Table 1. Results of control tests of basketball players before
and after the preparation for important international
competitions (n = 15)

Examination Difference
Indicators 4
1st 2nd reliability
. 1.61+£0.67 1.36+0.067
Running at 6 m, sec. 0.107 0.107 >0.99
. 3.55+0,079  3.06+0.168
Running at 20 m, sec. 0.125 0.267 >0.99
. . 48.8+4.25 49.0+4.44
Jumping height, cm 6.75 205 <0.95
number 20.5+2.7 24.0+2.12 50.95
Throws of hits 4.29 3.37 ’
out of 40 time of 4.21+0.1 4.04+0.173 <0.95
work, sec. 0.159 0.276 ’
Free throws out of 30, 20.1+2,51 23.5+1.73 >0.95
number of hits 3.99 2.76
. 563+16.6 572+17.0
Running 3x40 sec., m 26.4 270 <0.95
Coover Test. m 2939+87 3057+96 >0.95
P : 138 153

ball, “scoring” the ball into the basket from top to bottom,
etc.), helps to maintain the level of jumping ability. However,
strength training cannot be ignored. As shown by a study by
Jim Hanley, 1973, qualified athletes have fewer opportunities
to increase results in jumping ability. The most effective for
the strength developing, strength increasing and jumping
ability in qualified athletes are exercises with large and maxi-
mum weights, which includes jumping on a bench, lifting a
barbell, half-squats and deep squats. Our experiment with
qualified basketball players confirms this. Physical train-
ing, which was allotted 31.9% of the time, included crosses,
fartlek, gymnastic exercises, acceleration, jumping with one
or both legs pushing up and moving forward, stairs, over
barriers, etc. Exercises with weights were not used, which
affected the results in the jumping test.

Studies have shown that it is necessary to carry out the
gradation of loads based not only on traditional assessments
of the nature of the technical-tactical tasks being solved, but
also on the basis of accounting of the physiological impact
of loads on the body of athletes. A significant contribution
here can be the establishment of an urgent training effect of
special exercises of basketball players and, on this basis, the
creation of a unified system of accounting of the training
loads, their systematization by the nature of the physiologi-
cal changes that they cause in the body of basketball players.

Discussion

The question of the importance of planning and manag-
ing the training process was considered by many scientists
and coaches at different stages of basketball development
(Semashko, 1976; Yukhno, & Preobrazhensky, 1967; Sha-
blinsky, 1989; Koryahin, 2018).

The results of our research coincide with a number of
scientific studies (Ben Abdelkrim, Castagna, El Fazaa, & El
Ati, 2010; Poplavskyi, 2004; Ferreira, Volossovitch, & Sam-
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paio, 2014) on the need to develop a system for planning and
managing the training load, creating a unified system for
accounting and analysis of training load.

The results of our studies showed a certain accounting
system has developed in basketball based on assessments
of the nature of the tasks to be solved and the degree of
compliance with the specifics of their game activities (Su-
shko & Mustafa, 2015; Mitova & Ivchenko, 2014). At the
same time, studies have indicated the need of accounting
and analysis of training loads by the nature of the physiologi-
cal impact on athletes’ bodies (Koryahin, Blavt, Doroshenko,
Prystynskyi & Stadnyk, 2020; Anastasiadis, 2006).

Based on the study results, it can be stated that in order to
effectively manage the training process, a certain accounting
system is needed. Suchlike at this stage of scientific research
is the gradation of special exercises of basketball players ac-
cording to 4 groups, namely: exercises of aerobic, mixed aer-
obic-anaerobic, anaerobic alactate and anaerobic glycolytic
orientation (Koryahin, Hrebinka, Prystynskyi, & Prystynska,
2022; Koryahin, Blavt, Prystynskyi, & Stadnyk, 2021).

The proposed system of accounting for training loads
in basketball opens up new opportunities for improving the
management system of training processes. Further research
should be aimed at finding the nature of the interaction of
urgent training effects of special exercises of basketball play-
ers and on this basis improve the system of accounting for
loads by the nature of the physiological impact of the exer-
cises used in the training of basketball players.

Conclusions

1. Studies have shown that effective management of the
training process of highly qualified basketball players is pos-
sible not only on the basis of assessing the nature of the tech-
nical and tactical tasks to be solved and the degree of their
compliance with the game activity of basketball players, but
also, which is very important, by accounting the physiologi-
cal impact of loads on the body of athletes.

2. The proposed gradation of the loads of highly quali-
fied basketball players based on the accounting of physi-
ological changes caused by the performance of exercises,
allows effectively manage the training process.

3. Studies have shown that the dynamics of the volume
of training means of different physiological orientation dur-
ing the preparation of a highly qualified team for important
international competitions is uneven, which affects the re-
sults of control examinations in special tests (see Table 1).
Therefore, the distribution of training means at different
stages of training should take into account not only techni-
cal, technical-tactical, tactical and game training, but also
without fail, taking into account the nature of the physiologi-
cal impact of exercises on the body of athletes.
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OL|IHKA TPEHYBAIbHUX HABAHTAXEHb
BACKETBOICTIB BUCOKOT KBAJTI®IKALLII

Biktop Kopsrin'APcPE

'HanionanbHuii yHiBepcuteT «/IbBiBCbKa IMosTiTexHiKa»

Pedepar. Crarrs: 5 c., 1 Tabn., 2 puc., 22 pxepena.

Mera gocmimxeHHa: 1. Po3po6ka i yHidikaris cucreMu KOHTPOIO 33 TPEHYBa/IbHUMM HAaBaHTRKEHHAMM 32 XapaKTepoM
¢isionoriuHoro BIMBY Ha opraHism 6Gacker6omicris. 2. locmifutu cTpareriio miaroToBkn 6ackeT60/IbHOI KOMaHAM BICOKOI
kBati¢ikalii o BiANOBifa/TbHUX MDKHAPOHMX 3MaraHb, a caMe: 3 ACYBaTU XapaKTep PO3IOAiNy 3acobiB pisHoI isionoriyHoi,
a TAaKOXX TEXHIKO-TAaKTUYHOI i irpoBOi CIPAMOBAHOCTI Ha Pi3HMX €Talax MiIfOTOBKIN.

Marepiamu i MmeTogu. B focmimpxennsx Opana yuyactb KoMaHAa 6ackeT6omcTiB Bucokoi kBamigikauii (MaiicTpu cropry
i MajicTpu CIIOPTY MIXXHAPOJHOTO KJIacy) y KibkocTi 15 0ci6 y mepiof miAroToBKY 0 BifIIOBifa/IbHIX MIXXHAPOJHNX 3MaraHb.
Y nepioy HiAroTOBKY BMKOPMCTOBYBABCA MiKPOLMKII 4-1, To6TO 4 pobounx nHi i 1 BuxifHMit. Ycporo 6ymo mposeneHo 18 Mikpo-
LMKJTIB. Y Iepiof MifrOTOBKM IPOBOAMIOCS TECTYBaHH: 6acKeTOOMCTIB 3 METOI0 BU3HAYEHHsI piBHA IX (isuyHoi i TexHiYHOI Mif-
TOTOBJIEHOCT] [I0 OYATKY i Mic/IsA 3aKiHYeHH: MiArOTOBKM. BukKopucroByBamich Taki Tecty: 6ir Ha 6 M i 20 M; B1coTa BUCTPUOY-
BaHHS; KUJIKM 3 TOYOK (BM3HAYaIaCh KiNbKiCTh IOMaganb 3 40 K1akiB i vac po6oTn); mrpadHi kupkn 3 30 (KiIpKicTb MOMaiaHb);
6ir Mali[aHYMKOM Bifl OFHOI MMIIBOBOI JIiHil Ko iHIIOI 3 pasu 1o 40 ceKyHp 4epes 1 XBUWINHY BifllIOYMHKY (KiZIbKIiCTD ITOJOMAHUX
MmetpiB); TecT Kynepa (Koryahin, 1998; Koryahin, Hrebinka, Prystynskyi, & Prystynska, 2022).

PesynbraTu. [IpoBeneni fOCTiKeHH TOKasam, 1[0 eeKTUBHE KepyBaHHs TPEHYBaIbHIM IIpoLiecoM 6ackeTOOMICTIB BUCO-
Koi kBayi¢ikalii MOX/IMBe He TIIBKU Ha OCHOBI OLIIHOK XapaKTepy BUPILIyBaHNX TeXHIKO-TAKTUYHUX i irpoByX 3ajad, aje it mpu
0071iKy XapakTepy (isio/IorivHOro BIIMBY HaBaHTa>KeHb Ha OPraHi3M CIIOPTCMeHiB. Pedyibratyl TecTyBaHHs 6acKeTOOICTIB 1O
MOYaTKy MPOBEIEHH I MiC/IsA 3aKiHYeHHs [OKas3aIy, 110 B L[I/IOMY CUCTeMa MiATOTOBKY IO3UTUBHO BifoOpasmiach Ha pesy/bra-
Tax y BCIX TecTax, OKpiM BucoTy BUCTpuOyBaHHs (mepiie oOcTexxeHHs 48,8+4.25 cm, apyre obcTexxeHHs — 49,0+4.44 cm, P<0.95),
4acy po6OoTI y KUIKOBOMY TecTi (mepie obcTexxeHHs — 4,21+0.1 cek., apyre obcrexxeHus — 4,04+0.173 cek., P<0.95), y Tecri 3 biry
3x40 cex. (mepiue ob6cTexxeHHs — 563+16.6 cek., apyre ob6cTexxenHs — 572,04+17.0 cek., P<0.95). Le cBifuuTp npo HeoOXifHICTD
6i71b11 e(peKTUBHOTO, HAYKOBO OOIPYHTOBAHOTO POSIIOfI/TY 3ac00iB Ha Pi3HMX eTalax IMiArOTOBKIL.

BucHoBku. [locmipKeHHsI TOKasam, mo eeKTUBHe KepyBaHHs TPEHYBa/IbHIUM IIPOLiecoM 6acKeTOOICTiB BICOKOT KBaTii-
Kallii MOXX/IMB€E HE Ti/IbKJM Ha OCHOBI OLIIHOK XapaKTepy BUPIIIyBaHUX TEXHIYHMX, TAKTUYIHMX 3a/ja4 JI CTYIEHA iX BillIOBiIHOCTI
irpoBiit akTMBHOCTI 6ackeTOOIICTIB, aje 11, 10 € JOCUTD BXIUBMM, 00Ky (i3ionorivHOro BIUIMBY HaBaHTa)KeHb HA OpraHisM
CIIOPTCMEHIB. 3alIpOIIOHOBAHA I'pajjallisi HaBaHTaXKeHb OackeTbomicTiB Brcokoi kBami¢ikanii Ha 0cHOBI 067Ky disiomoriyanx
3MiH, 1110 BUK/IMKaHi BUKOHAHHAM BIIPaB, JO3BOJIAE e(peKTUBHO KepyBaTU TPEeHYBaJIbHMUM IIpoliecoM. [InHaMika 06’eMiB Tpe-
HYBa/IbHMX 3ac00iB pisHOI (i3M4HOI CIIPAMOBAHOCTI y IIepiof MiATOTOBKYM BUCOKOKBaIi(ikOBaHOI KOMaHAM [0 BifIOBiZa/IbHIX
MDKHApOIHNUX 3MaraHb, HOCUTb HEPIBHOMIPHUIT XapaKTep, IO BiTOOPaXKa€TbCs HA pe3y/lIbTaTaX KOHTPOIBbHUX BUNPOOYBaHb y
crienianbHMX TecTax. ToMy pO3IOAiT 3acO0iB TpeHyBaHHS Ha PI3HNX eTallax MiATOTOBKY IOBMHEH 3[1/ICHIOBATICS i3 BpaxyBaH-
HSM He TiIbKY TeXHIYHOI, TeXHIKO-TaKTUYHOI i irpoBOI HiATOTOBKY, ajle i y 060B’I3KOBOMY IOPSAMKY 3 YPaXyBaHHAM XapaKTepy
¢isionorivHoOro BIIMBY BIIPaB Ha OPraHi3M CHOPTCMEHIB.

KirouoBi croBa: 6ackeT60s1, TpeHyBa/IbHI HABAaHTAXKEHH:, 6ackeTOO/IiCTI BICOKOI KBaTi¢iKaii.
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Abstract

The purpose of the study was to determine the age-specific features of the motor fitness of girls aged 7 to 9.
Materials and methods. The study participants were 27 girls aged 7, 40 girls aged 8, and 35 girls aged 9. The children
and their parents were informed about all the features of the study and gave their consent to participate in the
experiment. The study used such research methods as analysis of scientific and methodical literature, pedagogical
observations, motor fitness testing, a probabilistic approach to the assessment of the learning process, and methods of

mathematical statistics.

Results. The level of proficiency in gymnastic exercises, the level of development of coordination abilities, endurance
and speed strength are those indicators that can be used to assess the motor fitness of girls aged 7 to 9. Attention is
drawn to the fact that the level of proficiency in exercises is a key element in the motor fitness of girls. The obtained
discriminant functions have statistical significance both in the classification of data and in the determination of the

structural features of the motor fitness of girls aged 7 to 9.

Conclusions. The standardized and structure coeflicients of the discriminant function indicate that the most
important indicators in the motor fitness of girls aged 7 to 9 are the level of general endurance, coordination of
movements, relative arm strength and the level of proficiency in gymnastic exercises.

Keywords: girls aged 7 to 9, motor fitness, discriminant analysis.

Introduction

The problem of the motor fitness of school students was
considered in terms of organizing the physical education
process in physical education classes (Ivashchenko, Ierma-
kov, & Khudolii, 2021; Nesen, 2022; Ivashchenko, 2020),
conducting sports classes at school (Marchenko & Satdyiev,
2021; Driukov & Marchenko, 2021; Zymohliad & March-
enko, 2021), and in investigating the relationship between
motivation, motor activity and motor fitness (Capio et al.,
2015; Cohen et al., 2014; Cools et al., 2011).

Studies have confirmed the effectiveness of physical edu-
cation classes in developing motor abilities (Iermakov et al.,
2020; Ivashchenko, Khudolii, & Jagiello, 2021; Tkachenko,
2020) and forming motor skills (Kharkovshchenko, 2022;
Mugurdinova & Iermakov, 2022; Siedykh, Ivashchenko, Bar-
tik & Veremeenko, 2022). It was established that conducting

© Kruhlov, V., & Khudolii, O., 2022.
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sports classes at school on selected sports is effective in mo-
tor training of school students (Chang et al., 2020; Lindsey,
2020; Pineiro-Cossio et al., 2021), and the results indicate
a positive effect of the motor fitness level on the amount of
motor activity and motivation for physical exercises (Con-
nolly et al., 2020; O'Donnell et al., 2020; Strotmeyer et al.,
2020).

In order to determine the specific features of the motor
fitness of school students, studies solve the tasks of their fit-
ness classification (Iermakov et al., 2020; Ivashchenko et al.,
2020; Marchenko et al., 2021) and structural analysis (Khu-
dolii et al., 2019; Janjic et al., 2018). Multivariate methods
of mathematical statistics are used for this purpose. The ef-
fectiveness of discriminant analysis in solving such research
tasks has been confirmed (Brusseau & Burns, 2018; Courel-
Ibafez et al., 2019; Fridolfsson et al., 2021). The study as-
sumed that the use of multivariate statistics would make it
possible to obtain new information about the specific fea-
tures of the motor fitness of girls aged 7 to 9.

The purpose of this study was to determine the age-spe-
cific features of the motor fitness of girls aged 7 to 9.
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Materials and methods

Study participants

The study participants were 27 girls aged 7, 40 girls aged
8, and 35 girls aged 9. The children and their parents were
informed about all the features of the study and gave their
consent to participate in the experiment.

Study organization

The study used such research methods as analysis of scien-
tific and methodical literature, pedagogical observations, mo-
tor fitness testing, a probabilistic approach to the assessment of
the learning process, and methods of mathematical statistics.

The testing program included common tests that were
used to assess the motor fitness of younger grade students
(Shevchenko, Khudolii, & Potop, 2020; Khudolii, Golovnin,
& Bartik, 2020; Ivashchenko, & Sirichenko, 2020). The study
recorded the indicators of height (cm) and body weight
(kg) and the results of tests No 3 ‘Standing long jump (cm)},
No 4 300 m running (s), No 5°30 m running from a stand-
ing start (s), No 6 ‘Seated forward bend (cm)} No 7 ‘Mixed
hang rope pull-ups (times), No 8 ‘Shuttle run 4x9 m (s),
No 9 ‘Combined movements of arms, torso and legs (points),
No 10 ‘Postural balance test — single leg stance, eyes closed (s);
No 11 ‘Walking along a straight line after 5 rotations (devia-
tions in cm)’.

The study recorded the proficiency level of girls aged
7 to 9 in gymnastic exercises. The coeflicient was determined
by the formula: p = (m/n)*100, where p is the level of profi-
ciency, m is the number of successfully performed exercises,
n is the total number of attempts to perform the exercise. In
the experiment, the study controlled the level of proficiency
in the following exercises: forward roll; backward roll; shoul-
der stand with legs bent (girls aged 7); shoulder stand, bridge
stand from the supine position, one leg swing upward circle
(girls aged 8); rope climbing in 2 steps, rope climbing in
3 steps, one leg swing upward circle (girls aged 9).

Statistical analysis

The study materials were processed by IBM SPSS 20
statistical analysis software. Arithmetic mean and standard
deviation were calculated. Discriminant analysis was per-
formed because it enables interpreting differences between
classes and classifying objects.

The study protocol was approved by the Ethics Com-
mittee of the University. In addition, the children and their
parents or legal guardians were fully informed about all the
features of the study, and a signed informed consent docu-
ment was obtained from all the parents.

Results

The results of comparison of the mean values obtained
from the tests showed that no statistically significant dif-
ferences (p>0.05) were observed in indicators No 6 ‘Seated
forward bend (cm)), No 7 ‘Mixed hang rope pull-ups (times)],
No 10 ‘Postural balance test — single leg stance, eyes closed
(s), and No 11 ‘Walking along a straight line after 5 rotations
(deviations in cm)’ The girls aged 7 to 9 show statistically

significant differences (p<0.001) between them in the re-
sults of the following tests: No 1 ‘Height (cm), No 2 ‘Body
weight (kg), No 3 ‘Standing long jump (cm), No 4 300 m
running (s), No 8 ‘Shuttle run 4x9 m (s); No 9 ‘Combined
movements of arms, torso and legs (points), No 12 ‘Level
of proficiency in exercise 1, No 13 ‘Level of proficiency in
exercise 2, No 14 ‘Level of proficiency in exercise 3. Thus,
the given data show that the level of proficiency in exercises,
the level of development of coordination abilities, endurance
and speed strength are those indicators that can be used to
assess the motor fitness of girls aged 7 to 9 (Fig. 1).
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Fig. 1. Indicators of the level of motor fitness of girls aged 7 to 9:
aged 7 - row 1; aged 8 — row 2; aged 9 — row 3; 1 to 14 - tests

The results of the statistical analysis of the discriminant
functions are shown in Tables 1 and 2. The first function
covers 79.1% of variance (r,=0.887), and the second function
covers 20.9% of variance (r,=0.702) (Table 1). Wilks’ Lamb-
da criterion (A\,=0.109, A\,=0.508) indicates a high discrimi-
native ability of the first and second discriminant functions
(p<0.001) (Table 2). Therefore, the analysis of the coeflicients
of the first and second discriminant functions will make it
possible to objectively assess the specific features of the mo-
tor fitness of girls aged 7 to 9.

Asaresult of the analysis, standardized (1) and structure
(2) coefficients of the discriminant function were obtained,
which, on the one hand, characterize the ratio of the contri-
bution of the variables (1) to each of the canonical functions,
and on the other hand, indicate correlations between the
variables and the functions (2) (Tables 3 and 4).

It was established that the value of the first function most
significantly depends on the results of tests No 1 ‘Height
(cm), No 4 300 m running (s); No 5 30 m running from

Table 1. Eigenvalues. Girls aged 7 to 9

Function Eigenvalue % of Cumulative Canonical
8 Variance % Correlation

1 3.673 79.1 79.1 0.887

2 0.969 20.9 100.0 0.702

Table 2. Wilks’ Lambda. Girls aged 7 to 9

Test of Wilks’ . .
Function(s) Lambda ey g =
1 through 2 0.109 205.298 28 0.000
2 0.508 62.679 13 0.000
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Table 3. Standardized Canonical Discriminant Function
Coeflicients

Function
No Content
1 2
1 Height, cm -0.710 -0.361
2 Body weight, kg -0.038 0.133
3 Standing long jump, cm -0.294  -0.243
4 300 m running, s 0.624 0.107
5 30 m running from a standing start,s -0.482  -0.028
6  Seated forward bend, cm -0.223 0.341
7 Mixed hang rope pull-ups, times 0317  -0.421
8  Shuttle run 4x9 m, s 0.306 0.540
9  Combined r_novements of arms, torso 0212 0.163
and legs, points
10 Postural balance test — single leg 0258  -0.008
stance, eyes closed, s
11 Walk.mg along a.stral.ght line after 5 0.029 0.197
rotations, deviations in cm
12 Exercise 1, proficiency level 0.375 0.029
13 Exercise 2, proficiency level 0.650  -1.067
14  Exercise 3, proficiency level -0.403 1.220
Table 4. Structure Matrix
Function
No Content
1 2%
1 Height, cm -0.437% -0.217
13 Exercise 2, proficiency level 0.390% -0.370
9  Combined r_novements of arms, torso 0311*  0.085
and legs, points
4 300 m running, s 0.299* 0.118
12 Exercise 1, proficiency level 0.296* -0.094
2 Body weight, kg -0.199* -0.064
Mixed hang rope pull-ups, times 0.103* -0.001
8  Shuttlerun 4x9m, s 0.052 0.443*
3 Standing long jump, cm -0.122  -0.224%
14  Exercise 3, proficiency level 0.149  0.223*
5 30 mrunning from a standing start,s  -0.072  0.182*
6  Seated forward bend, cm -0.021  -0.126*
10 Postural balance test — single leg 0.003  -0.089*
stance, eyes closed, s
11 Walking along a straight line after 5 0016  -0.039*

rotations, deviations in cm

Pooled within-groups correlations between discriminating variables
and standardized canonical discriminant functions. Variables ordered
by absolute size of correlation within function. *Largest absolute cor-
relation between each variable and any discriminant function

a standing start (s)’ and the level of proficiency in the gym-
nastic exercises. The value of the second function most sig-
nificantly depends on the results of tests No 8 ‘Shuttle run
4x9 m (s); No 7 ‘Mixed hang rope pull-ups (times)’ and the
level of proficiency in the gymnastic exercises (Table 3).
The analysis of the structure coefficients showed that the
first function is most correlated with the results of tests No 1
‘Height (cm), No 9 ‘Combined movements of arms, torso
and legs (points)} No 4 ‘300 m running (s)” and the level of
proficiency in the gymnastic exercises. The second function
is most correlated with the results of tests No 8 ‘Shuttle run

Table 5. Functions at Group Centroids. Girls aged 7 to 9

Function
Girls, age
1 2
7 1.587 1.396
8 1.207 -1.036
9 -2.604 0.107

Canonical Discriminant Functions

Girls, 2nd grade
02
3

4
W Group Centroid

o
0,0 [ ]

Function 2

T T T T T
-5,0 -2,5 00 25 50

Function 1

Fig. 2. Canonical discriminant functions. A graphical display of

the results of the classification of the age-specific features of the

motor fitness of girls aged 7 to 9: = —centroids for groups aged 7,
8,and 9

4x9 m (s), No 3 ‘Standing long jump (cm)’ and the level of
proficiency in exercise 3 (Table 4).

Thus, the standardized and structure coefficients of the
discriminant function indicate that the level of general en-
durance, coordination of movements, relative arm strength
and the level of proficiency in gymnastic exercises are im-
portant indicators of the motor fitness of girls aged 7 to 9.

The analysis of the centroid values and the results of the
classification of the level of motor fitness of girls aged 7 to 9
indicates that 93.1% of the data were classified correctly, and
the graphic material confirms the objectivity of the classifi-
cation (Tables 5 and 6, Fig. 2).

Discussion

The paper assumed that the motor fitness of girls aged 7
to 9 has age-specific features. It was established that the level
of proficiency in exercises, the level of development of coor-
dination abilities, endurance and speed strength are those
indicators that can be used to assess their motor fitness. At-
tention is drawn to the fact that the level of proficiency in
exercises is a key element in the motor fitness of girls, with
age they master more complex gymnastic exercises, but with
an increase in body weight and height, 9-year-old girls have
a statistically significantly lower level of proficiency in more
complex gymnastic exercises than girls aged 7 to 8.

The obtained data complement the results of the stud-
ies by Shevchenko, Khudolii, and Potop (2020), Khudolii,
Golovnin, and Bartik (2020); Ivashchenko and Sirichenko
(2020) on the markers of the motor fitness of elementary
school students as well as the data of the studies by Ha et al.
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Table 6. Classification Results*®

Predicted Group Membership

Girls, age Total
7 8 9

Count 7 25 1 1 27

8 4 36 0 40

.. 9 0 1 34 35

Original

% 7 92.6 3.7 3.7 100.0
8 10.0 90.0 0.0 100.0
9 0.0 2.9 97.1 100.0

a. 93.1% of original grouped cases correctly classified. b. Cross validation is done only for those cases in the analysis. In cross validation, each case is

classified by the functions derived from all cases other than that case

(2017), Da Silva Gasparotto et al. (2020), Ruiz et al., (2011)
on the specific features of school students’ physical fitness
and motivation for physical activity.

The analysis of the discriminant functions indicates
their statistical significance both in the classification of data
and in the determination of the structural features of the
motor fitness of girls aged 7 to 9. The values of the centroids
and the results of the classification of the level of motor fit-
ness of girls aged 7 to 9 indicate that 93.1% of the data were
classified correctly. The obtained data confirm the conclu-
sions by Iermakov et al. (2020), Ivashchenko et al. (2020),
Marchenko et al. (2021) about the high informativity of dis-
criminant functions in determining the specific features of
the motor fitness of school students.

The standardized and structure coefficients of the dis-
criminant function indicate that the level of general endur-
ance, coordination of movements, relative arm strength and
the level of proficiency in gymnastic exercises are important
indicators of the motor fitness of girls aged 7 to 9. The ob-
tained data supplement the results of existing studies on the
effectiveness of using discriminant analysis both for the clas-
sification of school students by their level of motor fitness
(Brusseau & Burns, 2018; Courel-Ibafez et al., 2019; Fri-
dolfsson et al., 2021) and for determining the structural fea-
tures of their fitness (Khudolii et al., 2019; Janjic et al., 2018).

Thus, the discriminant analysis made it possible to de-
termine the specific features of the motor fitness of girls aged
7 to 9. Motor fitness is affected by body height and weight,
and with age, on the one hand, the level of endurance chang-
es, and on the other hand, so does the level of proficiency
in gymnastic exercises, which indicates the need for an in-
tegrated development of motor abilities in girls aged 7 to 9.

Conclusions

The level of proficiency in gymnastic exercises, the level
of development of coordination abilities, endurance and
speed strength are those indicators that can be used to assess
the motor fitness of girls aged 7 to 9. Attention is drawn to
the fact that the level of proficiency in exercises is a key ele-
ment in the motor fitness of girls.

The obtained discriminant functions have statistical sig-
nificance both in the classification of data and in the deter-
mination of the structural features of the motor fitness of
girls aged 7 to 9.

The standardized and structure coefficients of the dis-
criminant function indicate that the most important indica-
tors of the motor fitness of girls aged 7 to 9 are the level of

general endurance, coordination of movements, relative arm
strength and the level of proficiency in gymnastic exercises.
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PYXOBOI NIAFOTOBJIEHOCTI AIBYAT 7-9 POKIB

Bnapgucnas prrJIOBlABCD’ Oner XynoniﬁlABCD

'XapkiBcbkuit HallioHa/bHUI Nefarorivamii yHiBepcureT imMeni I.C. CkoBoponn

Pedepar. Crarts: 6 c., 6 Tabn., 2 puc., 34 mxepena.

MeTta KOCHiIKeHHA — BU3HAYUTY BiKOBi 0COGMMBOCTI PYXOBOI Hi/IFOTOBIEHOCTI JiBYaT 7-9 POKiB.

Marepianu i MeTomu. Y focifiKeHHi IPUITHAIN y4acTh: 27 AiBYaT 7 poKiB, 40 giB4ar 8 pokis, 35 giBuaT 9 pokis. [liTu Ta ixHi
Oarpku Oymu iHopMOBaHi Ipo BCi 0COOMMBOCTI JOCTI/KEHHS 1 Jau 3TOAY Ha y4acTh B eKCliepuMeHTi. by BukopucraHi Taki
METOIM NOC/I/IKEHHA AK aHa/li3 HAyKOBOI Ta METOAMYHOI JIiTepaTypu, IEeNarori4Hi ClIOCTEPEXXEHHA, TECTYBaHHA PYXOBOI Iifiro-
TOBJIEHOCTI, IMOBipHICHWII Ii/IXif, 10 OLIIHKY ITPOLIECY HaBYaHHA, METOAY MaTeMaTUIHOI CTaTUCTUKIN.

PesynbraTu. PiBeHb HaB4eHOCTI IiMHACTMYHUX BIIPaB, PiBeHb PO3BUTKY KOOPAMHALIMHNUX 3/{iOHOCTEl!, BUTPUBAIOCTI Ta
MIBU/IKICHOI CH/IM € TUMM TIOKa3HUKaMM AKi MOXKYTb 6YTV BUKOPMCTaHI J/IA OL[iHKY PyXOBOI MiATOTOBIEHOCTI JiBYaT 7-9 POKiB.
3BepTae yBary Toil aKT, j0 piBeHb HABYEHOCTI BIIPAB € K/IIOYOBVM €€MEHTOM B PYXOBIil MiArOTOBIEHOCTI AiBYaT. OTprMaHi
IVMCKPUMIHAHTHI (PYHKIIil MaIOTb CTATUCTUYHY 3HAYYILIICTD AK B Kaacuikanii JaHUX, TaK i y BU3HAYeHHI CTPYKTYPHUX 0COOMN-
BOCTEN pyXOBOI HiITOTOB/IEHOCTI AiBYaT 7-9 pOKiB.

BucnoBku. CraHgapTu3oBaHi i cTpyKTypHi KoedillieHTn AucKpuMiHaHTHOI QYHKIIII BKasyIOTb, 110 HallBaXKIMBUMM OKa3-
HUKaMI y PyXOBiil Ii/JrOTOB/IEHOCTI fiBYaT 7-9 pOKiB € piBeHb 3arajabHOI BUTPUBAIOCTI, KOOpAWHALIL PyXiB, BifHOCHOI C/IM PYK
Ta piBeHb HABYEHOCTi r'IMHAaCTMYHKX BIIPaB.

Knrouosi cmoBa: fiBuara 7-9 pokis, pyxoBa HiirOTOB/IEHICTb, JYMCKPMMiHAHTHUI aHAIi3.
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