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Abstract

Study purpose. The low physical activity and fundamental movement skills of students in the COVID-19 era are gaps
in this study. This study aims to exam the effects of exergame on the physical activity and fundamental movement

skills of students during the COVID-19 era.

Materials and methods. Quantitative research with experimental methods was used in this study. The subjects

of this study came from students at primary schools 1 and 2 in Karawang (n = 120). Subjects from primary

school 1 Karawang entered the experimental group (n = 60), namely getting treatment in the form of exergame,

and subjects from primary school 2 Karawang were included in the control group (n = 60) who did not receive any
treatment and only carried out physical education learning activities. The intervention program was carried out for
seven weeks. To measure the physical activity of the students, the ActiGraph GT9X Link accelerometer was used,
and the fundamental movement skills of the children were assessed using the TGMD-3.

Results. The results showed that the implementation of exergame was proven to significantly improve physical
activity (p < 0.05) and the same results show that exergame has a significant effect on fundamental movement skills
(p < 0.05). However, there was no increase in physical activity and fundamental movement skills in the control group

(p > 0.05).

Conclusions. This research is evidence that exergame is an effective tool to improve physical activity and
fundamental movement skills students during the COVID-19 era.
Keywords: exergame, fundamental movement skills, physical activity, experimental.

Introduction

COVID-19 still has a negative impact on all people in
the world including the field of physical education in el-
ementary schools, for example the experience of student
movement is hampered and the students physical activity
(PA) are low (Xin et al., 2020). Survey data shows that the

© Samsudin, Gani, R.A., Setiawan, E., Németh, Z.,
Kardiyanto, D.W., & Winarno, M.E., 2022.
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level of PA carried out by students by 60.0% has decreased to
17.7% due to fear of contracting COVID-19 (Xiang, Zhang
& Kuwahara, 2020). Other data reports that the inactivity of
community CL in the world globally during the COVID-19
pandemic is estimated at 28% (1.4 billion people) (Puccinelli
etal., 2021). Previous studies reported that the decline in the
level of PA was due to several factors, such as the policy of
staying at home orders, closures of parks, gymnasiums, fit-
ness centers and prohibitions from doing sports or mass PA
in public places (Woods et al., 2020). In addition, according
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to Violant-Holz et al., (2020) that the decline in PA was due
to the effect of lock down (Violant-Holz et al., 2020) and
social distancing during a pandemic.

Another factor affected by the COVID-19 pandemic is
the fundamental movemen skills (FMS) of students. FMS is
the ability to perform three basic movement skills such as lo-
comotor skills, stability skills (Dobell, Pringle, Faghy, & Ros-
coe, 2020) while aiming to perform sufficient physical activ-
ity (PA and manipulative or object control skills (Foulkes et
al., 2020; Jones, Innerd, Giles & Azevedo, 2020). Previous
studies have found that the development of well-established
FMS has the potential to create a healthy lifestyle in the fu-
ture (Bai et al., 2020). Another benefit of FMS is that it can
reduce overweight or obesity in students (O’Brien, Belton,
& Issartel, 2016) skip and kick. Previous studies in the UK
and internationally reported that the rates of FMS among
primary school students has decreased over time (Grainger,
Innerd, Graham, & Wright, 2020). Similar to data found in
Indonesia, the FMS of primary school students is still low
and continues to decline due to an unhealthy lifestyle and
rarely doing sports (Burhaein, 2017). Therefore, developing
FMS in elementary school children is a very important goal
and a priority, because FMS is very useful for them to par-
ticipate in sports and even non-sports activities.

A potential new training strategy to improve PA and
FMS is through exergames (i.e., Xbox 36). Exergame is an
innovative and interactive video game that combines train-
ing and video (Kappen, Mirza-Babaei, & Nacke, 2019). It
requires full body movement from the player. Activities in
exergame include cycling (Moholdt et al., 2017a), fitness
games, tennis, baseball, dancing, soccer, basketball, box-
ing, dance, snowboarding. The advantages of exergame are
being able to conduct training at home safely (Adcock et
al., 2020) and comfortably without being disturbed by bad
weather (Yu et al., 2020) especially avoiding the transmission
of COVID-19. Exergame has been shown to be a fun activ-
ity for children, adolescents, young adults and older adults
(Monedero, Murphy, & O’Gorman, 2017)(ii. Research by
Andrade et al., (2020) reports that exergame causes boys and
girls to have positive improvements in psychological aspects,
namely mood and self-esteem. Some researchers claim that
exergame is attractive to children and effective in helping
them improve motor skills and develop motivation to par-
ticipate in PA (Soltani, Figueiredo, & Vilas-boas, 2020).
However, different results reported by the study of Wu, Li, &
Theng, (2015) found that exergame can cause lower motiva-
tion compared to traditional training methods for exercise
and exergame can also cause poor motor skills (Gao, Zeng,
Pope, Wang, & Yu, 2019), so it is difficult to repair (Peder-
sen, Cooley, & Cruickshank, 2016) it is less clear whether
they can provide skill acquisition benefits that are similar
to those found in traditional physical education. Purpose:
In a previous experiment from our laboratory, we found
that deliberate practice can significantly reduce the plan-
ning time required for lateral arm movements. The purpose
of this study was to determine if exergames can produce a
similar effect, by reducing the processing time required for
children to initiate arm movements to the contralateral and
ipsilateral space. Participants and setting: Thirty children
(boys = 15, girls = 15). Then recent studies have shown that
exergames have an inconsistent impact on children’s motor
skill competence in the short term (Hulteen et al., 2018).

With the results of previous exergame with the gap, it is
the reason for us to uncover this problem. Many previous
studies have examined exergame (Vernadakis et al., 2015;
Villafaina et al., 2020; Polechonski, Debska, & D¢bski, 2019).
However, there is no research that explores how the effects
of exergames on PA and FMS of students during COVID-19
era. The this study will implicated the development of PA
and FMS provide information knowledge to teachers, lectur-
ers and practitioners about the benefits obtained from the
exergames. Therefore, the aim of this study was to test the
effectiveness of exergames to increase PA and FMS student
during the COVID-19 era.

Materials and Methods

Study participants

All subject came from two primary school in the region
Indonesia. The school was selected because it has quality
teachers and one of the largest and most structured schools
with ideal facilities for implementing sports games and for
offering PE classes three times a week of 60 minutes each.
Subject are first explained about the rules for carrying out re-
search and asked to make written agreements. The sampling
technique used to select subject was random assignment.
Subject characteristics are presented in Table 1.

Instruments

Physical Activity Levels. To measure PA students can use
the ActiGraph GT9X Link accelerometer, namely ActiGraph
light and resembles a watch. This instrument is valid and
reliable. Students are instructed to use the accelerometer in
their arms every time they go to school. The activity counts
recorded were interpreted using empirically based cut points

Table 1. Socio-demographic of subjects

Variables n(%)
Gender
Male 50(41.67%)
Female 70(58.33%)
Age (y)
10 35(29.17%)
11 27(22.50%)
12 58(48.33%)
Weight (kg)
25 30(25.00%)
30 38(31.67%)
35 52(43.33%)
High (cm)
125 37(30.83%)
130 40(33.33%)
135 43(35.83%)
School
Primary School 1 Karawang 60(50.00%)
Primary School 2 Karawang 60(50.00%)
Class
5 46(38.33%)
6 74(61.67%)
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that defined different intensities (sedentary: 0820; light PA:
8212830; moderate-to-vigorous PA (MVPA): 2831 for Acti-
Graph vector magnitude) of preschool children’s PA. Student
average percentages of time in MVPA at school were used as
the outcome. Notably, the accelerometers were not allowed
to be taken home given the following considerations: (1) ad-
ditional burden for underserved families, (2) possibility of
lost or stolen devices, and (3) incomplete and inaccurate
measurements. Therefore, only PA during school time was
used for the current study (Gao, Zeng, Pope, Wang, & Yu,
2019).

Fundamental Movement Skill. Test of Gross Motor De-
velopment-3rd Edition (TGMD-3). The TGMD-3 is com-
prised of locomotor (run, skip, leap, hop, and horizontal
jump) and object-control (catch, kick, underhand roll, one-
hand strike and two-hand strike) skill subtests. While the
TGMD is a common assessment tool used in many studies
worldwide, some would criticise the lack of a stability com-
ponent. To this end, a subtest of the Bruininks—Oseretsky
Test of Motor Proficiency 2 (BOT-2) Short Form was uti-
lised to assess the participants’ balance. The balance assess-
ment consists of two tasks, walking forward along a straight
line, and standing on one leg (Behan et al., 2019)complex
movements required to participate in physical activity. This
study examined FMS proficiency across the full range of
Irish primary school children (n = 2098, 47% girls, age
range 5-12 years. Each FMS in TGMD-3 is accompanied
by performance criteria. For example locomotor motion
with criteria if the movement of running, leap, jumping,
and jumping horizontally is done correctly according to the
assessment norm, then it gets a value of 1 to 4 and if it does
not match the assessment norms it is given a value of 0. As
for control objects, there are three performance criteria to
capture: a) the preparatory phase in which the hands are in
front of the body and the elbows are bent, b) the arms are
outstretched as they reach the ball as it comes in, and, c) the
ball is caught with the hands only. Each child is evaluated
against these criteria. If the performance criteria are met,
grades 1 to 4 are assigned. If a performance criterion is not
met, a score of 0 is assigned. Meanwhile, the assessment for
stability component balance is by assessing how long the
child can do walking straight lines, and standing on one leg.
Each child tried two experiments for each movement skill
and was assessed based on performance criteria (Vernadakis
et al., 2015). The total score of the child (the sum of their
individual scores) is calculated.

Study organization

This research has been approved by the Ethics Com-
mittee of Public primary school, Karawang, Indonesia (ap-
prove number: 126/11/2021) and this research is in accor-
dance with Helsinki declaration. Parental consent forms
and subject’ consent forms regarding participation in this
study were collected before the intervention program began.
This research was conducted in the new normal era and
implemented the COVID-19 protocol, where each child was
checked for body temperature first, then given a hand sani-
tizer. Subjects from the primary school 1 Karawang entered
the experimental group (n = 60), namely getting treatment
in the form of exergame and subjects from primary school
2 Karawang were included in control group II (n = 60) who

did not receive any treatment and only carried out physical
education learning activities. The intervention program was
carried out for 7 weeks, three times per week and 60 minutes
per week. The intervention program began with pre-test ac-
tivities on November and ended in post-test on December,
2021. All data collection procedures were recorded via video,
then the video would be analyzed by researchers and ex-
perts. Flow studies are presented in Figure I.

Exergame

Group

Random

Pre-test I Post-test

Assignment

Control
Group

=FMS
"PA

=FMS
"PA

Fig. 1. Study flow

Exergame Program. For the experimental group, the ex-
ergame was conducted on Thursday, Friday and Saturday
from 08.00-09.00 hours, for 7 weeks, it aims to develop PA
and FMS owned by children aged 10-12 years. The program
is carried out in the gym three times a week for 60 minutes.
The Exergame program is presented in Table 2.

Table 2. Exergame program

Trainin, . N .
8 Exercise activities Duration
component
Proprioceptive neuromuscular .
Warm-up b b 10 min

facilitation (PNF) and jogging.

The Exergame program items
used are (1) Volleyball, (2) Tennis
games, (3) Basketball games,

Focus on practice (4) Standing twists games, (5) 40 min
Running games, (6) Dancing
games.
Cool-down Stretching. 10 min
Statistical analysis

Statistical analysis was performed using the IBM SPSS
application Version 25.0 for Windows. Descriptive statistic
was presented as meantstandard deviations. The normality
of the data was evaluated using the Shapiro-Wilk test. If the
normal distribution is found to be parametric, the statistics
are used analysis. Paired samples t-test are used to determine
differences between baseline values. The statistical signifi-
cance level was set a p < 0.05 for all analyses.

Results

The results of the normality test of the data in this study
were declared normal. The statistical descriptive values in
the exergame and control groups are presented in Table 3.
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Table 4 shows that exergames have a significant effect on
increasing PA and FMS (p < 0.05). While Table 5 shows the
opposite result, namely the control group has no effect on
increasing PA and FMS (p > 0.05).

Table 3. Descriptive statistics

Pre-Test Post-Test
M(SD) M(SD)
Exergames (n = 60)
MVPA (min/day) 49.23(7.97) 58.37(8.79)
FMS 52.03(8.37) 63.18(10.82)
Control (n = 60)
MVPA (min/day) 47.67(9.77) 47.82(9.18)
FMS 45.18(8.20) 46.33(9.38)

Note: M = Mean; SD = Standar deviasi; MVPA = Moderate-to-
vigorous physical activity; FMS = Fundamental movement
skills

Discussion

The purpose of this study was to examine the effects of
exergame and traditional game interventions on increase
PA and FMS in student during the COVID-19 era. The
results of this study showed that exergame intervention can
improve the PA component. The increase in PA occurred be-
cause exergames had interesting games (e.g., bowling games,
tennis games, basketball games, standing twists games, run-
ning games, dancing games), so that through these games in-
active students became more enthusiastic (Huang, 2020) few

studies investigated whether combining exergaming with
VR would be more effective. This study seeks to (a and have
the motivation to move (Soltani, Figueiredo, & Vilas-boas,
2020). One of the keys to changing PA behavior is because
exergames offer an interesting, safe game experience that
can be played at home, so students can continue to actively
move. The results of this study support previous research
which reported that exergame can be used as a tool to en-
courage students to participate in PA (Soltani, Figueiredo,
& Vilas-boas, 2020).

The second finding in this study proves that exergame
can positively increase the FMS of students during the
COVID-19 erato be higher. Exergame had the characteristics
of a very fun game, easy to play and can be done at any time
(Lee, Kim, Park, & Peng, 2017) complex movements required
to participate in physical activity. This study examined FMS
proficiency across the full range of Irish primary school
children (n = 2098, 47% girls, age range 5-12 years, so that
children who are not interested in sports activities become
more enthusiastic and actively move in PE class. Fogel,
Miltenberger, Graves, & Koehler, (2010) confirmed that
exergame can provide opportunities to engage in higher
physical activity than doing standard exercise programs.
Exergamehad been proven to bean effective game and worthy
of use in PE class, because it has the power to trigger interest,
motivation and the ability to move children to sustainably
participate in sports activities. Previous studies conducted in
a school context have identified that the exergames practice
can increase physical activity, mental health, and motor
skill competence in children (Andrade et al., 2020) complex
movements required to participate in physical activity. This
study examined FMS proficiency across the full range of

Table 4. Differences values in pre-post of PA, FMS in exergames group (n = 60)

Paired Samples Test
Paired Differences
95% Confidence Interval of the L dt Sig
Mean Std. Deviation Std. Error Mean Difference
Lower Upper

Pre-Test
PA -9.133 5.936 0.766 -10.667 -7.600 11.918 59 0.000

Post-Test

Post-Test
EMS -11.150 7.876 1.017 -13.185 -9.115 10.966 59 0.000

Pre-Test
Note: PA = Physical activity; FMS = Fundamental movement skills
Table 5. Differences values in pre-post of PA, FMS in control group (n = 60)

Paired Samples Test
Paired Differences
t df Si
95% Confidence Interval of '8
Mean Std. Deviation Std. Error Mean the Difference
Lower Upper

Pre-Test
PA -0.150 10.581 1.366 -2.883 2.583 -0.110 59 0913

Post-Test

Post-Test
FEMS -1.150 9.260 1.196 -3.542 1.242 -0.962 59 0.340

Pre-Test

Note: PA = Physical activity; FMS = Fundamental movement skills
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Irish primary school children (n = 2098, 47% girls, age range
5-12 years as well as becoming a potential educational tool
today. Exergame is a great activity for children to use in the
long term and on a sustainable basis. The results of this study
are in line with the research of Vernadakis et al., (2015) who
reported that the XbK-based balance exergame program was
significantly more enjoyable than traditional physiotherapy.
The main reason why exergame programs were more fun
than traditional physiotherapy was that exergames provide
more interesting challenges for athletes. Exergame activities
are fun psychological teaching activities for children that
can help improve their physicality (Van Santen et al., 2018).
According to Mohold et al., (2017b) the use of fun exergames
can be a useful strategy for promoting physical activity,
especially for those who were less motivated by traditional
sports. The results of this study support previous research
that has shown that children’s FMS was more developed
through exergame than traditional sports (Moholdt et al,,
2017b) and that subject PA levels were higher for exergames
than traditional activities. One reason for answering these
results is because children in the current era are more
familiar with exergame than traditional games, besides that
the number of children’s movement activities is more often
in exergame than traditional games.

Conclusions

The main conclusion in this study shows that the imple-
mentation of exergame can positively improve PA and FMS
student during the COVID-19 era, but not for the control
group. The limitations in this study are: (1) the sample of the
study is relatively small, (2) the subjects only are only from
two urban primary school in region (Indonesia). Then the
further must use more subjects and come from several ele-
mentary schools in Indonesia. Apart from the limitations of
this study, several implications arise from this study, namely
that exergame can be used as an effective pedagogical tool
to increase PA and FMS in student during the COVID-19
era, besides that the results of this study provide important
information for teachers, lecturers and practitioners about
the advantages of exergame. The findings of this study could
potentially be applied to future studies involving exergame
with other platforms, such as: Wii (Nintendo, Kyoto, Japan)
Just Dance for Kids (Ubisoft, San Francisco, CA, USA), Wii
Nickelodeon Fit (Nickelodeon, New York, NY, USA), and
Just Dance or using other games such as: biking, yoga, walk-
ing, weight training, softball.
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Merta pocnimxenHs. Huspkuit piBeHb QisMIHOI aKTMBHOCTI Ta OCHOBHYX PyXOBYX HaBUYOK y4HiB B entoxy COVID-19 € npo-
ra/InHaMI B IIbOMY JOCTimKeHH]. I]e focmipKeHHA Mae Ha MeTi BUBYUTY BIUIUB (iTHec-rpy Ha BisMYHY aKTMBHICTh Ta OCHOBHI
pyxoBi HaBMYKM Y4HiB B entoxy COVID-19.

Marepianu Ta MeTogu. Y 1{bOMY ZOCTiXKeHHI 0y/I0 BUKOPUCTAHO Ki/IbKiCHMIT aHa/Ii3 i3 3aCTOCYBaHHAM eKCIIepUMEeHTaTbHIX
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BUXOBaHHA. [HTepBeHIilIHY IPOTrpaMy MPOBOAVIN IPOTATOM CeMU TIDKHIB. [InA BuMiproBaHHA (i3sWyHOI aKTMBHOCTI y4HiB
BUKOpMCTOBYBa/m akcenepomeTp ActiGraph GT9X Link, a ocHOBHI pyXx0Bi HaBMYKN JiiTell OLiHIOBA/IN 32 JJOIIOMOIOIO TeCTY Ha
po3BUTOK Benmnkoi MoTopuku TGMD-3.

PesynbraTu. PesynpraTtu mokasanm, 110 BIPOBAKEHHS TeXHOJOri (iTHec-Ipy CTaTUCTUYHO 3HAYyIlle TTOKpAIlye piBeHb
¢isnunoi akTuBHOCTI (p < 0,05), 1 Ti cami pe3ynbTaTu MOKa3yIOTh, 10 GiTHEC-TPa MA€ CTATUCTIYHO 3HAYYIIMII BIUIVB Ha OCHOBHI
pyxosi HaBuuku (p < 0,05). IIpu 11boMy B KOHTPO/IbHIN TPy MiABUIeHHs PiBHA Bi3N9HOI aKTMBHOCT] Ta OCHOBHUX PYXOBMX
HAaBIYOK He crocTepiranocs (p > 0,05).
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Abstract

Study purpose. This study aims to investigate the effects of movement games as an effort to increase the level of
physical fitness and mental health of students with disabilities during COVID-19.

Materials and methods. This study adopted a mixed method. The participants involved in this study were students
with disabilities who came from two special schools students with disabilities in Karawang Regency, Indonesia
(n=40). Participants were divided into an experimental group who carried out a movement game program (n=20)
and a control group (n=20) who followed routine learning without participating in any activities. After implementing
the movement game program, 20 participants were interviewed about the experiences, advantages and disadvantages
of the movement game program. Quantitative research instruments used muscular strength, muscular endurance
and cardiorespiratory fitness tests. Meanwhile, the qualitative research instrument used in-depth interviews for

30 minutes. Analysis of quantitative data used IBM SPSS, and analysis of qualitative data used thematic analysis.
Results. The quantitative study results showed that there was a significant increase in the level of physical fitness

and mental health in the experimental group (p<0.05), and no increase was found in the control group (p>0.05).

In addition, the qualitative study results showed that the majority of participants acknowledged that the movement
game program was a fun method of education and had a positive effectiveness.

Conclusions. After carrying out this research, we confirm that the movement game activity is an education method
that has a great effect on the increase in the physical fitness level and mental health of students with disabilities
during COVID-19.

Keywords: movement games, physical fitness, mental health, mixed method.

Introduction (Rasheed, Abduljawad, Mabrouk, Jdaitawi, Abdulmonem,
2021; Gultom, Baharuddin, Ampera, Fibriasari & Sembiring,
2022), including students with disabilities. A survey study
reported that 80% of Indonesian people have low physical
fitness (Kusuma et al., 2021). Data reported several factors in-
Y, Gani, R.A., Saputro, Y.D., Satrianingsih, B. juce the lowering phy§ical fitness levels su<.:h as isolation/lock
Winarno. M.E. Németh. 7. 2022, own (Kamyuka, Carlin, McPher§0n & Misener, 2920), work

’ ’ > and school from home (Kaur, Singh, Arya & Mittal, 2020;

e Liskustyawati, Riyadi, Sabarini, Waluyo & Shidiq, 2020),
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The current COVID-19 pandemic crisis has attacked sev-
eral aspects including physical fitness among the community
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physical activity was limited and significantly reduced (Hill-
yard, Sinclair, Murphy, Casson, Mulligan, 2021). Physical fit-
ness is an important aspect for students to learn at school
during the COVID-19 crisis (Dao, 2021), because a high level
of physical fitness could support students to perform various
activities without experiencing excessive fatigue and obtain
an optimize learning outcomes. On the other hand, low levels
of physical fitness will hinder the students in the learning pro-
cess and consequently decreasing their achievement (Gultom,
Baharuddin, Ampera, Fibriasari & Sembiring, 2022).
Recently, COVID-19 has attacked the mental health of
all people in the world (Suarez-Balcazar et al.,, 2021; Yang, Li
& Yu, 2021; Essadek et al., 2022), including students with dis-
abilities who has high risk to being affected by COVID-19 so
that it often affects their level of mental health (Sharpe et al.,
2021; Walton, Medhurst, Madhavan & Shankar, 2022). Men-
tal health is a condition of someone who does not experi-
ence a mental disorder, such as depression, high anxiety and
stress, a mood disorder or refers to a state of well-being of
a person who can overcome pressure in life (Buckley et al.,
2020; Sokic¢ et al., 2021). According to Huang, (2021) mental
health refers to the emotional, psychological and social well-
being of a person. Students with high mental health will have
motivation and independence in learning, on the other hand
students with low mental health are less motivated to learn, so
academic achievement will decrease drastically and they are
likely to drop out from school (Grubic, Badovinac & Johri,
2020). A recent study reported that the impact of COVID-19
has affected all fields, especially education, in which the learn-
ing system has shifted from offline to online (Jumareng et al.,
2022). Several obstacles in online learning, such as platforms
that incompatible with technology that used to teach visually
impaired students and poor internet connection (Jumareng et
al,, 2021), coupled with the lack of recreational activities that
can be conducted at home have been proved as factors that
cause students with disabilities felt frustration or mental health
impairment (Patel, 2020). According to Grubic, Badovinac
and Johri, (2020), cessation of teaching and learning activities
in schools, loss of routine and social connections among stu-
dents are factors that worsen mental health conditions. Given
the importance of physical fitness and mental health for stu-
dents with disabilities, an appropriate and effective teaching is
needed for them, namely through movement games.
Movement games are activities that involve various kinds
of movement activities (e.g., Walking Paper Color, Trampo-
line, Hoolahoop), in fun games for students with disabilities
(Kamyuka, Carlin, McPherson & Misener, 2020). According
to Dao, (2021) movement games involved motor skills such
as jumping, crawling, running, walking. This game presents a
lot of movement in a game as a powerful tool to increase the
overall potential of students. Previous research has reported
that game-based sports have a positive effect on improving
athlete performance (Gabbett, Jenkins & Abernethy, 2009).
This movement game provides various benefits that have
been reported by previous studies (Chou, Chen, Huang &
Tu 2020). Unfortunately there is still limited literature on
this movement game and there was no previous studies have
reported on the effect of movement games to change physical
fitness levels. and mental health of children with disabilities
during COVID-19. This research offers something differ-
ent from previous research, namely investigate the effects
of movement games through mixed research, in order to

reveal the effects of movement games with quantitatively and
qualitatively. It is expected that this research could contrib-
ute to the development of movement games in the physical
education, to improve the level of physical fitness and mental
health of students with disabilities in the current pandemic
crisis era. Therefore, the purpose of this study was to examine
the effect of movement games to increase the level of physical
fitness and mental health of students with disabilities.

Materials and Methods

Study participants

This research adopted mixed methods, namely re-
search that combined quantitative and qualitative method.
Research with mixed method aims to reveal the problem
through two analyzes between quantitative and qualitative
(Gani et al., 2022).

The participants in this study were students with disabili-
ties who came from several special schools with disabilities in
Karawang Regency (Indonesia). The recuitment method is as
following: (1) researchers conducted a survey to two schools for
children with disabilities in Karawang Regency, (2) researchers
sent invitations to participate in research via Whatsapps to par-
ents and students, (3) researchers recorded how many students
were willing to participate in the research, (4) students were
provided with information about the research and required to
make a statement about their willingness to participate in all
activities in the intervention program, (5) students who par-
ticipated in the study were given a $15 gift as a thank you for
participating. Participants were allocated to the experimental
group (n=20), which received treatment in the form of move-
ment games and partly to the control group (n=20), where
participants carried out their usual daily learning activities.
The characteristics of the participants are presented in Table 1.

Instruments

Quantitative Instruments

Instruments to assess the physical fitness level of dis-
abled students were adopted from the American College
of Sports Medicine (ACSM), including: muscular strength,

Table 1. Characteristics of Participants

Variables n(%)
Gender
Boys 20(50.0%)
Girls 20(50.0%)
Age (y)
9 20(50.0%)
10 20(50.0%)
Weight (kg)
30 12(30.0%)
35 15(37.5%)
40 13(32.5%)
High (cm)
130 16(40.0%)
135 19(47.5%)
140 5(12.5%)
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muscular endurance and cardiorespiratory fitness (Wouters,
Evenhuis & Hilgenkamp, 2020).

Muscular strength. This test aims to assess the muscle
strength of students aged 4-10 years using throwing bags.
In this test, the participant stood behind the line and then
lifted a 4 kg bag over his head and thew the bag as far as
possible. The throwing distance of the bag was measured in
cm. Participants had three chances and the final score was
the best score of three repetition. This test has an Intraclass
Correlation Coefficients (ICC) =0.76.

Muscular endurance. This test aims to assess students’
muscular endurance by using the stair climbing test. Partici-
pants walked as fast as they can to go up and down as many
steps as possible in 30 seconds. The score was determined
based on the number of steps in 30 seconds. The participants
had three chances and the final score was the best score of
the three repetition. This test has an ICC = 0.92.

Cardiorespiratory fitness. Participants walked as far as
possible by crossing a 20 m track for 6 minutes. After that,
their heart rate was checked using Polar.

Instruments to assess the mental health level of students
with disabilities adopted from previous studies (Gilmore,
Campbell & Shochet, 2022), including:

Revised Children’s Manifest Anxiety Scale (RCMAS). This
instrument aims to assess anxiety in children with disabili-
ties aged 6 to 19 years. This instrument has 37 items with
subscales of Physiological Anxiety, Excessive Anxiety, Sensi-
tivity, and Social Anxiety/Concentration. This instrument is
assessed using a scale of 1 = “yes” and 0 = “no”.

Strengths and Difficulties Questionnaire (SDQ). This in-
strument has 25 items with subscales: hyperactivity, emo-
tional symptoms, peer problems, behavioral problems and
pro-social behavior. This instrument was rated using a scale
of 1 = “not true’, 2 = “somewhat true’, 3 = “of course”

Intellectual Disability Mood Scale (IDMS). This instru-
ment was developed for children with disabilities aged 10 to
18 years and has been used frequently by previous studies
and has been validated with Cronbach ranging from 0.63 to
0.77. This instrument has 12 question items with subscales:
Anger, Confusion, Depression, Fatigue, Tension. This in-
strument was assessed using a Likert scale from a value of
1to5.

Qualitative Instruments

The instrument for qualitative research used in-depth
interviews with participants with a duration of 30 min-
utes per individual. Interviews were conducted directly via
Whatsapps and Bahasa language.

Research Program. This research was conducted in Jan-
uary-February at Singaperbangsa University Karawang (In-
donesia) with approval number: 261.174/SP2H/UN64.10/
LL/2022 and the 2 schools involved also approved this re-
search. In addition, the research follows the guidelines of the
World Medical Association Code of Ethics (Helsinki Decla-
ration for humans). In this quantitative study there were sev-
eral meetings, namely the first meeting on January 1, 2022,
all participants carried out a pre-test (physical fitness and
mental health test). The second meeting on January 5, 2022,
the experimental group carried out the movement game pro-
gram and the control group only carried out their usual daily
activities until the 15th meeting (February 11, 2022). At the

16th meeting (12 February 2022), all participants carried
out final exam activities, namely physical fitness and mental
health tests. The movement game program was carried out
on Wednesday, Friday and Saturday in the morning from
08.00-09.00 in the field located at Singaperbangsa University
Karawang (Indonesia). This study strictly applied the CO-
VID-19 health protocol, for example all participants and the
research team were checked for body temperature and used
hand sanitizers and are vaccinated before the intervention
program. While the qualitative research was conducted on
16 and 17 February 2022, the movement game intervention
group was interviewed for 30 minutes and the interviews
were conducted using Bahasa language. The movement
game program is presented in Table 2.

Table 2. Program movement games

Training Unit Activities Duration
Components
Warm-up Prestretch and warm-up 5 min
1. Boucce
2. Walking paper colour
3. Frog jump
P:I(:?er:m movement Trampoline 50 min
& 5. Hoolahoop
One movement game is done
with a duration of 10 minutes.
Cool-down Cardiorespiratory cool down 5 min
and the poststretch.
Statistical analysis

Quantitative analysis. Quantitative data were analyzed
using IBM SPSS version 25.0 statistical software version
25.0 (Armonk, NY: IBM Corp) to find descriptive statis-
tics (meantstandard deviation) and data normality. Paired-
samples t-tests were used to test the scores of physical fitness
and mental health before and after in the experimental and
control groups (Xu, Yao, Kang & Duan, 2020). The level of
significance used is 0.05.

Qualitative analysis. The qualitative analysis in this study
was qualitative thematic, namely the results of in-depth in-
terviews were coded and categorized into three themes,
namely: theme 1: Experience of movement games, theme 2:
Benefits of movement game and theme 3: Disadvantages of
movement games.

Results

In this study, the normality test of data was declared
normal (p>0.05). Statistical descriptive tests are presented
in Table 3. While the results of the paired-samples t-tests
showed that the experimental group that movement games
was proven to have a significant positive effect on increase
the level of physical fitness and health of students with dis-
abilities (p<0.05), but there was no significant effect in the
control group (p>0.05) (Table 4).

While the results of qualitative research through in-
depth interviews with the experimental group obtained the
following answers:
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Table 3. Descriptive Statistics of PF and MH in the EG and CG groups

EG CG
Dependent Boys (n =10) Girls (n =10) Boys (n =10) Girls (n =10)
Variable Pre Post Pre Post Pre Post Pre Post
M(SD) M(SD) M(SD) M(SD) M(SD) M(SD) M(SD) M(SD)
PF

MS  63.50(8.32) 71.50(8.77) 62.20(7.06) 67.50(7.73)  63.20(8.32) 61.40(7.91) 62.70(7.11)  62.30(6.46)
ME  14.10(1.79) 16.20(1.22) 10.50(1.08)  14.00(1.56) 14.60(2.59) 13.80(2.57)) 12.40(1.71)  11.80(1.47)
CF 62.50(3.80) 66.90(3.21) 68.20(3.76)  76.00(4.34)  70.30(3.82)  69.20(3.99)  71.00(3.46)  70.30(2.83)

MH
RCMAS  27.803.76) 26.50(3.47)  30.60(3.97) 27.20(4.07) 27.80(3.76)  29.70(4.11)  28.90(4.08)  28.10(3.24)
SDQ  22.10(2.05) 20.60(2.11)  21.10(3.95) 19.50(3.71)  22.10(2.02)  21.80(2.57)  23.30(3.09)  22.80(3.36)
IDMS  30.00(3.26) 26.70(2.005) 29.70(2.35)  21.80(2.82) 27.40(3.74)  28.10(4.30)  26.90(3.95)  27.40(4.03)

Note. PF: Physical Fitness, MH: Mental Health, MS: Muscular Strength, ME: Muscular Endurance, CF: Cardiorespiratory fitness,
RCMAS: Revised Children’s Manifest Anxiety Scale, SDQ: Strengths and Difficulties Questionnaire, IDMS: Intellectual Disability
Mood Scale, M: Mean, SD: Standard Deviation, EG: Experimental Group, CG: Control Group, n: participant.

Table 4. Differences values in pre-test and post PF and MH in the EG and CG groups

EG (n=20) CG (n=20)
Dependent Pre-Post Pre-Post Pre-Post Pre-Post
Variable Boys t p Girls t p Boys t p Girls t P
M(SD) M(SD) M(SD) M(SD)
PF
MS 8.30(4.32) 6.073 0.000 5.30(3.26) 5.129 0.001 1.80(4.21) 1.352 0.209 0.40(3.95) 0.320 0.756
ME 2.10(1.19) 5.547 0.000 3.50(2.01) 5.496 0.001 0.80(1.47) 1.714 0.121 0.60(1.71) 1.108 0.297
CF 4.40(1.71) 8.124 0.000 7.80(2.70) 9.136 0.000 1.10(2.13) 1.632 0.137 0.70(2.00) 1.105 0.298
MH
RCMAS 1.30(1.05) 3.881 0.004 3.40(1.35) 7.965 0.000 1.90(5.74) 1.046 0.323 0.80(2.25) 1.124 0.290
SDQ 1.50(1.43) 3.308 0.009 1.60(.516) 9.798 0.000 0.30(1.49) 0.635 0.541 0.50(1.17) 1.342 0.213
IDMS 3.30(2.16) 4.825 0.001 7.90(2.33) 10.718 0.000 0.70(2.79) 0.793 0.448 0.50(.972) 1.627 0.138

Note. PF: Physical Fitness, MH: Mental Health, MS: Muscular Strength, ME: Muscular Endurance, CF: Cardiorespiratory fitness,
RCMAS: Revised Children’s Manifest Anxiety Scale, SDQ: Strengths and Difficulties Questionnaire, IDMS: Intellectual Disability
Mood Scale, M: Mean, SD: Standard Deviation, EG: Experimental Group, CG: Control Group, n: participant.

Theme 1: Gesture game experience

tion about the advantages of the program. Several partici-

pants gave their perception about the movement game pro-

Experience is an important point that must be clearly
disclosed, obtaining information related to the experiences
of students with disabilities in participating the movement
game program proved that this game provides many benefits
for the development of physical fitness and mental health.
Some participants argued that:

Honestly, we feel happy and lucky to be able to join this

movement game program. We will continue to use this pro-

gram even after the research activities have been completed

(opinions of 10 female participants).

Some of them mentioned that:

We will never forget this interesting movement game pro-
gram. We hope that our physical education teachers in
schools can use this program to change our level of physical
fitness and mental health to gain improvement (opinions of
10 male participants).

Theme 2: The advantages of movement games

To observe the effectiveness of a program, it is necessary
to conduct interviews with participants to obtain informa-
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gram, namely:

In our opinion, the advantage of this movement game pro-
gram is fun and provides us with lots of physical activities
or movement experiences. Thus our physical fitness began
to improve and our mental health became better than be-
fore (the opinion of 5 male participants).

In our opinion, this movement games provide several ad-
vantages, such as it is easy to play, it can be played any-
where and anytime. For example, this game can be played
in the yard and can be done individually (the opinion of 5
female participants).

Furthermore, the participants explained that:

According to our perception, this program has benefit in
promoting physical activity that is fun and can engourage
us to be active. We like this program (the opinion of 5 fe-
male participants).

We are lucky to be able to participate in this movement
game program, because this program provides advantag-
es that it can be done at home safely and protected from
the Corona virus. In addition, this program has proven to
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be effective in increasing the level of our physical fitness
and mental health to be positive (the opinion of 5 male
participants).

Theme 3: Lack of movement games

To optimize the education program, it is necessary to
know the shortcomings of the program. Thus, these defi-
ciencies can be evaluated and minimized. Participants gave
perceptions related to the shortcomings of the movement
game program, including:

We all agree that the main drawback in this program is

students with disabilities need a close supervision from

a teacher when they are performing the physical activity.

Because there were 2 students who were injured while

doing this program. In our opinion, the implementation

of this program is limited or cannot be carried out by
all students with disabilities (the opinions of 10 partici-
pants are male and 10 are female).

Discussion

The quantitative findings in our study show that the
movement game program has positive power to increase the
physical fitness level of students with disabilities in the ex-
perimental group to a higher level. This is because movement
games have game-focused characters and provide movement
experiences. For example, crocodile crawling, frog jumping,
trampoline and hoolahoop games are effective tools to im-
prove physical fitness components, such as muscular strength,
muscular endurance and cardiorespiratory (Polevoy, 2021).
According to Dao, (2021) games or activities that provide en-
tertainment and satisfaction elements and require students to
walk, jump or crawl can facilitate the gradual development of
students’ physical fitness (Chou, Chen, Huang, Tu & Huang,
2020). Thus, the study results support previous studies re-
ported the simiilar results, where a movement game program
was proven to be implemented in physical education classes
to improve aspects of physical fitness in elementary school
students (Cocca, Verdugo, Cuenca & Cocca, 2020). As for the
control group, no significant effect was found in this study.
Qualitative research findings show that all disabled students
in the experimental group provided diverse and positive per-
ceptions about the application of an effective movement game
program in increasing physical fitness levels.

The second finding of this study shows that the move-
ment game program also has a positive effect on the mental
health development of students with disabilities. This is be-
cause movement games promote an element of entertain-
ment to students with disabilities and it causes them to enjoy
doing all the activities in the program (Dao, 2021; Sokic,
Popov, Dinic’ & Rastovic, 2021). In this method, the mental
health of students with disabilities will change to a better
result. For example, students with high levels of anxiety, an-
ger, depression, tension and anger begin to decrease because
they enjoy the activities. In addition, issues regarding nega-
tive behavior among students with disabilities have turned
towards positive behavior (Cocca, Verdugo, Cuenca & Coc-
ca 2020). Different results were shown by the control group,
where the students did not experience significant changes in
their mental health. The qualitative research also shows the
similar results, all students with disabilities provide an over-

view that the movement game program is an effective way to
change negative mental health into positive.

Conclusions

The conclusion in the study confirms that the movement
game program based on quantitative and qualitative analysis
has been proven to be effective in increase the level of physi-
cal fitness and mental health of students with disabilities to
be better than before during the COVID-19 period. In ad-
dition, this research is able to contribute and provide infor-
mation for teachers or lecturers about the importance of us-
ing movement games for students with disabilities. Further
studies with larger sample sizes need to be carried out in or-
der to compare movement game programs with traditional
sports, or improve other aspects such as the fundamental
movement skills of students with disabilities.
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Abstract

The study purpose was measuring the physical activity of prospective physical education teachers in Palembang city

during the COVID-19 pandemic.

Materials and methods. 552 participants (M: 307; F: 245) with a minimum age of 19 (21.27+1.66) participated in
this study. The method of this study was survey, using IPAQ-SF to assess physical activity and energy expenditure
levels based on MET. Data collection was carried out through an online survey using Google Forms.

Results. The results of this study show that the majority of the participants combined the moderate and high levels
of physical activity (88.77%) and only a small number of the participants were in the low level category (11.23%).
The results of this study showed that the pandemic conditions do not prevent people from doing sufficient PA to

maintain their health, but daily habits and knowledge differences related to health and physical activity might be the
distinguishing factor between students majoring in sports and society in general.

Conclusions. This study shows that most of prospective PE teacher candidates from three universities in Palembang
combined the moderate and high PA levels. While there were some student athletes, non-athlete students also have
the awareness to live a healthy life even though there is no demand for them to achieve certain targets.

Keywords: physical activity, physical education, COVID-19.

Introduction

The COVID-19 pandemic has hit the world in recent
years and is still threatening even though the world’s condi-
tions have begun to gradually recover. Physical activity (PA)
may be a solution to alleviate the effects of the COVID-19
pandemic and related limitation on daily affect (Do et al,,
2021), although some studies recorded that PA level were
low during the pandemic (Martinez-de-Quel et al., 2021;
Solahuddin et al., 2021). The implementation of COVID-19
preemptive measures are likely to have resulted in a num-
ber of unintended consequences including the decreased PA
(AlDukhail & Bahdila, 2022; Deshmukh et al., 2022). The
preemptive measures occur globally and have an impact in
the implementation of the education system.

© Iyakrus, Bayu, W.I,, Solahuddin, S., Usra, M., Yusfi, H.,
Victorian, A.R., & Ramadhan, A., 2022.
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The government of Indonesia has prompted several un-
precedented measures to control the spread of COVID-19
(Adli et al,, 2022), one of which through the circular letter
number 4 of 2020 issued by the Minister of Education and
Culture of the Republic of Indonesia concerning the imple-
mentation of education policies during COVID-19 pandem-
ic. Education in Indonesia at all levels was carried out online
during the pandemic (Fitria et al., 2021), and all theoretical
and practical activities were carried out at home. More than
60 million students in Indonesia have been affected by the
COVID-19 pandemic, because of the disappearance of in-
class learning (Victorian et al., 2021).

However, in a study conducted at a university in Palem-
bang city, Indonesia, the PA level of the students majoring
in sports was actually high (Bayu et al., 2021). This is in-
triguing, whether this condition occurs only in certain en-
vironments or generally occurs in students of sports related
majors, because another study showed there was a tendency
that the PA level of productive age population in Palembang
was low (Solahuddin et al., 2021).
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Palembang is one of largest city in Indonesia, in which
there are four universities that have sports related majors.
The online classes in these universities was started in March
2020, after several cases of COVID-19 emerged in Palem-
bang. In addition to the restrictions on activities in public
places, lectures (which are mostly practical) cannot be car-
ried out so that PA level of the students was questioned. This
study specifically examines the PA level of students major-
ing in physical education (PE), because they are prospective
teachers who will teach PE at various levels of education.
As prospective PE teachers, they are expected to be able to
promote active and healthy lifestyle to their future students
(Harris, 2014).

Materials and methods

Study participants

This study measured the physical activity of prospective
PE teachers in Palembang city during COVID-19 pandemic.
A total of 1145 prospective PE teachers in Palembang from
three universities (Sriwijaya University, PGRI Palembang
University, and Bina Darma University) have filled out the
International Physical Activity Questionnaire-Short Form
(IPAQ-SF) instrument which has specifications used for
15-year-old respondents and above. IPAQ-SF has predic-
tive validity, concurrent validity, convergent validity, cri-
terion validity, discriminant validity which is appropriate
as a research tool, and a good test-retest as a sign that the
instrument is reliable (Craig et al., 2003; Papathanasiou et
al., 2010). PA contents were calculated using the following
formula:

MET+(3,3xdayxlight activity time)+(4xdayxmoderate
activity time)+(8xday xvigorous activity time) (1)

The results of Metabolic Equivalent of Task (MET) were
then converted using the rule that MET<600 is in the low
category, 600<MET<3,000 is in the medium category, and
MET=3,000 is in the high category (Fogelholm et al., 2006;
Hagstromer et al., 2006).

Study organization

Data collection was carried out through an online sur-
vey using Google Form which was sent in a structured man-
ner via WhatsApp Broadcast. There were 552 respondents,
out of all the 1145 respondents who filled out the survey,
whose data were declared eligible for analysis with the char-
acteristics that can be seen in table 1 as follows:

Statistical analysis

The data analysis used is descriptive statistics for physi-
cal activity data based on MET.

Results

Table 2 below contains the frequency distribution of
prospective PE teachers in Palembang City doing PA in one
week.

At the high intensity category, the highest percentage
is 25.18% students did PA for 3 days in a week. Meanwhile,
in moderate intensity, the highest percentage is 21.38%

Table 1. Participant Demographics

Category Frequency Percent
M 307 55.62
Gender e
Women 245 44.38
Max 25
Min 19
Age -
St. Deviation 1.66
Average 21.27
Athlete/Non- Athlete 124 22.46
Athlete Non-Athlete 428 77.54
Country side/Inland 257 46.56
- City/ Around the
Domicile / . .
regional administration 295 53.44
center
Sriwijaya University 204 36.96
Univ PGRI Palembang 259 46.92
Bina Darma 89 16.12

Table 2. Distribution of Physical Activity Frequency by
Intensity

Dz(;ltsailn High Intensity ﬁzgﬁgtt; Low Intensity
aWeek N % N % N %
0 100 18.12 95 17.21 14 2.54
1 86 15.58 118 21.38 69 12.50
2 96 17.39 111 20.11 40 7.25
3 139 25.18 80 14.49 150 27.17
4 85 15.40 70 12.68 55 9.96
5 13 2.36 23 4.17 63 11.41
6 8 1.45 10 1.81 31 5.62
7 25 4.53 45 8.15 130 23.55

Total 552 100 552 100 552 100

Table 3. Distribution of Physical Activity Frequency by
Duration

Total duration in High Moderate

aweek (minutes)  Intensity Intensity Low Intensity
N % N % N %

<10 123 22.28 123 22.28 38 6.88
10-30 39 7.07 57 10.33 86 15.58
31-60 161 29.17 184 33.33 204 36.96
61-149 142 25.72 122 22.10 128 23.19
150-299 58 10.51 39 7.07 41 7.43
>299 29 525 27 4.89 55 9.96
Total 552 100 552 100 552 100

students did PA 1 day a week. Low intensity category is dom-
inated by 27.17% of students did PA 3 days a week.

Table 3 below contains the frequency distribution of
prospective PE teachers in Palembang City doing PA based
on duration (minutes) in a week.

In high intensity category, most students (29.17%) did
PA for 31-60 minutes. In moderate intensity category, most
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Table 4. MET Descriptive Statistics

Kategori Frequency Percent
Max 89460
Metabolic Equivalent of Min 33
Task (MET) St. Deviation ~ 7884.63
Average 4964.67
Low 62 11.23
MET Category Moderate 242 43.84
High 248 44.93

students (33.33%) did PA for 31-60 minutes. In low intensity
category, most students (36.96%) did PA for 31-60 minutes.

Table 4 below contains descriptive statistics on MET
data.

The average MET of physical activity for prospective
PE teachers in Palembang City is 4964.67, SD of 7884.63 is
in the category of high PA, the highest MET of 89460 is in
the category of high PA, and the lowest MET of 33 is in the
category of low PA.

Discussion

Physical inactivity has been believed as one of the top
causes of global death (Priambodo et al., 2020), and al-
though PA has a number of health benefits, the lack of PA
level problem still occurs. Previous studies which were taken
before COVID-19 pandemic in Palembang show that the
majority of the participants had low PA level (Bonita et al.,
2017; Ridwanmo et al., 2020), and the condition in Palem-
bang was getting worse when the pandemic stroke the world
(Solahuddin et al., 2021).

However, PA level of the PE teacher candidates in a uni-
versity in Palembang was high according to another study
(Bayu et al., 2021), and this condition is in accordance with
this study. Low PA level of 552 PE teachers candidates in
Palembang city, who participated in this study, only reach
11.23%, while the combination of moderate and high PA
level reach 88,77%. 131 or 23.74% students, who were mostly
student athletes, did high intensity PA 4 times a week or
more. This might be happened because they were in prepa-
ration for the inter-regional competition which held some
time after this research occured. Apart from student ath-
letes, non-athlete students also have the awareness to live
a healthy life even though there is no demand for them to
achieve certain targets. The number of non-athlete students
who have PA in the moderate and high categories reached
366 students, or around 66.30%.

Another study found a decrease in PA levels of Hun-
garian citizen university students as a result of university
closures (Lukacs, 2021), and another study even showed that
about half of medical students who participated in the study,
who should have had knowledge of health, had low PA levels
(Chootong et al., 2022). The results of this study showed that
the pandemic conditions do not prevent people from doing
sufficient PA to maintain their health, but daily habits and
knowledge differences related to health and physical activity
might be the distinguishing factor between students major-
ing in sports and society in general.

PE teachers are the vanguard for setting the example
of living a healthy lifestyle to their students (Stelzer, 2005).
Their involvement with students in PE settings regularly fa-
cilitates the opportunity to influence positive lifestyle atti-
tudes. The awareness of students in this study is quite a relief
because they are prospective PE teachers who will later be
directly involved with school students. Even though they are
in a covid pandemic condition, most of PE teacher candi-
dates still maintained the PA level, although a small number
of students were still at a low PA level.

Due to limited funds and time, this study was imple-
mented only in universities located in Palembang city. Fur-
ther study can seek extensive information, either in a wider
scope of participants or participants who have the same
background with this study but in different areas.

Conclusions

PA level in general was decreasing during COVID-19
pandemic. However, this study shows that most of prospec-
tive PE teacher candidates from three universities in Palem-
bang were in the combination of moderate and high PA
level. While there were some student athletes, non-athlete
students also have the awareness to live a healthy life even
though there is no demand for them to achieve certain tar-
gets. PE teachers are the vanguard for setting the example of
living a healthy lifestyle, so the PE teacher candidates have
the opportunity to regularly facilitates the opportunity to
influence positive lifestyle attitudes in the future.
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Abstract

The study purpose was to prove the effectiveness of zumba exercise on VO, max, agility, and muscle power in
students at Universitas Nusantara PGRI Kediri, East Java, Indonesia.

Materials and methods. This research is a pre-experimental research design with One group Pretest-Posttest Design.
A total of 15 female students from the Student Activity Unit aerobic dance exercise at Universitas Nusantara PGRI
Kediri, East Java, Indonesia, aged 19-24 years, body mass index (BMI) 19.0-24.0 kg/m? normal blood pressure,
resting heart rate normal, normal oxygen saturation (SpO,), voluntarily participated in the study. Zumba exercise
was carried out for 30 minutes/session with an intensity of 80% HRmax with a frequency of 3x/week for 8 weeks.
The measurement of maximum oxygen volume (VO,max) used the Multi-Stage 20-m Shuttle Run Fitness Test. The
measurement of leg muscle power used the vertical jump test, while the arm muscle power was evaluated using the
medicine ball throw test. Data analysis used Paired Sample t-Test with a significance level of 5%.

Results. The results obtained: mean VO,max between pretest vs post-test (26.64+4.25 vs. 30.76+4.20 mL/kg/min;

p <0.001), average agility between pretest and post-test (15.76+1.24 vs. 14.55+1.27 seconds; p < 0.001), average limb
muscle power between pretest vs posttest (394.21£66.36 vs. 411.09+67.45 joule; p < 0.001), and the average arm
muscle power between pretest vs posttest (123.45+17.12 vs. 138.21+13.92 joule; p < 0.001).

Conclusions. Based on the results of the study, it was concluded that Zumba exercise carried out for 30 minutes/
training session, with an intensity of 80% HRmax, frequency 3x/week for 8 weeks increased VO,max, agility, and
muscle power in students at Universitas Nusantara PGRI Kediri, East Java, Indonesia.

Keywords: VO,max, muscle power, agility, zumba exercise.

Introduction

Sports and physical activity have a good role in im-
proving the quality of health (Granero-Jiménez et al., 2022;
Pranoto et al., 2020). In addition to the good health benefits

© Puspodari, Wiriawan, O., Setijono, H., Arfanda, PE,,
Himawanto, W., Koestanto, S.H., Hantoro, B., Lusianti, S.,
Putra, R.P, Prasetiyo, R., & Pranoto, A., 2022.
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of physical activity, exercise can also provide a forum for en-
gagement in challenging matters, exploration, skill-building,
and social integration (Barber & Weichold, 2007). Zumba
is a physical exercise adapted from Latin dance which was
first developed in Columbia by a fitness trainer named Al-
berto “Beto” Perez. Zumba is a combination of salsa, cumbia,
reggaeton, mambo, chachacha, soca, bhangra, belly dance,
flamenco, hip hop, tango and samba dances (Suminar et al.,
2018). Zumba exercises are very effective in the teaching
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and learning process of physical, of adults and adolescents
of school and university age are not sufficiently active (Solei-
man et al., 2021).

Zumba exercises combine many sports steps that are easy
to apply and help a person move many body muscles, such as
arms, back, legs, and chest. This includes aerobic exercise that
can increase energy expenditure (Packyanathan & Preetha,
2020). Zumba exercises help stimulate the heart and lungs,
improve overall fitness, and move circulation faster. In addi-
tion, Zumba exercises can also increase the amount of oxygen
sent to muscles and other body organs (Soleiman et al., 2021).

Zumba exercises do not follow traditional training
methods but use all elements of essential fitness during
training modules. Zumba exercises use physical strength,
and all parts of the body are moved from head to toe (Parial
et al., 2022). Therefore, Zumba exercises are quite impor-
tant for students because regular Zumba exercises can af-
fect psychological and social outcomes, reduce body weight
and increase movement strength and blood flow to muscles.
Zumba exercises positively affect the development of at-
tributes and skills, muscle strength levels, cardiovascular
endurance, and weight management (HajGhanbari et al,,
2013). Several studies have stated that a motor training pro-
gram accompanied by music (Zumba) has a positive con-
tribution to weight loss (Rossmeissl et al., 2016). Zumba
exercises have a positive impact on psychological and social
outcomes. Based on the studies that have been carried out,
higher scores were found on several physical elements (pe-
riodic respiratory endurance, motor balance, flexibility, leg
strength, and neuromuscular compatibility) in students who
participated in Zumba training compared to students who
did not participate. Zumba exercise intervention improves
health and physical fitness in women (Krishnan et al., 2015).

One way to assess a person’s cardiorespiratory
endurance is to measure the maximal oxygen volume level
(VO,max) to measure the capacity of the heart, lungs, and
blood to carry oxygen to working muscles and measure
the use of oxygen by muscles (Nugraheni et al., 2017). The
most common measurement for VO,max prediction is the
Multi-Stage 20-m Shuttle Run Fitness Test (Paradisis et
al., 2014; Sugiharto et al., 2022). This test is widely used by
exercise scientists, teachers, coaches, and fitness advisors
because it requires limited equipment, is relatively easy to
perform, and is suitable for the assessment of a large number
of subjects. As with all tests and measurements used to assess
the components of physical fitness, critical questions must be
asked regarding the repeatability and validity of the Multi-
Stage 20-m Shuttle Run Fitness Test (Cooper et al., 2005).
Maximum oxygen uptake is assessed by establishing an
oxygen recovery curve based on the results of the Multi-Stage
20-m Shuttle Run Fitness Test (Paradisis et al., 2014). On this
basis, this study aims to prove the effectiveness of Zumba
exercise on VO, max, agility, and muscle power in students at
the Universitas Nusantara PGRI Kediri, East Java, Indonesia.

Materials and Methods

Study participants

This research is a pre-experimental research design with
One group Pretest-Posttest Design. A total of 15 women
students from the Student Activity Unit (UKM) aerobic

exercise at Universitas Nusantara PGRI Kediri, East Java,
Indonesia, aged 19-24 years, body mass index (BMI)
19.0-24.0 kg/m? normal blood pressure, resting heart
rate normal, normal oxygen saturation (SpO,) voluntarily
participated in the study. All respondents received
information both orally and in writing before conducting the
research and respondents also stated that they were willing
to participate in the research by signing informed consent.
All procedures performed in our study complied with the
Declaration of the World Medical Association of Helsinki
on the ethical conduct of research involving human subjects.

Study organization

The Zumba exercise program is implemented and super-
vised by professional officers from the Faculty of Health and
Sciences, Universitas Nusantara PGRI Kediri, East Java, Indo-
nesia. Zumba exercise was carried out for 30 minutes/session
with an intensity of 80% HRmax with a frequency of 3x/week
for 8 weeks. Monitoring heart rate during zumba exercise
using a polar heart rate monitor (Polar H10 Bluetooth Heart
Rate Sensor & Fitness Tracker, Polar, Kempele, Finland) (An-
darianto et al., 2022).

Data collection for measuring body height using a Stadi-
ometer (Seca Corporation, CHINO, California, USA) (Rejeki
et al,, 2021). Bodyweight was measured using a digital scale
(OMRON HN-289, Osaka, JAPAN) (Sugiharto et al., 2022).
BMI is calculated using body weight (kg) divided by body
height (m?) (Raharjo et al., 2021). Measuring blood pres-
sure using a digital sphygmomanometer (OMRON Model
Deluxe HEM-8712 BASIC, JAPAN) on the non-dominant
arm 3 times in a row with a 2-minute rest interval between
the two measurements, then the average value of the three
measurements was taken (Andarianto et al., 2022; Raharjo
et al,, 2021). Measurement of heart rate rest (HR-rest) and
oxygen saturation (SpO,) using the Beurer Pulse Oximeter
PO-30 (Rejeki et al., 2021). Measurement of maximum oxy-
gen volume (VO,max) using the Multi-Stage 20-m Shuttle
Run Fitness Test (Paradisis et al., 2014). Measurement of leg
muscle power using the vertical jump test (Garcia-Ramos
et al,, 2017; Cuk et al., 2014), while arm muscle power was
evaluated using the medicine ball throw test (Leite et al.,
2020). Measurements of VO, max, agility and muscle power
were carried out pretest and 1x24 hours posttest for 8 weeks
of zumba exercise intervention.

Statistical analysis

Data analysis used Statistical Package for Social Science
(SPSS) version 21 software. Shapiro-Wilk test was used for
normality test analysis with a significant level (p > 0.05).
Paired Sample t-Test was used to compare the average
VO,max, agility, and muscle power between the pretest
and post-test. The data is displayed with Mean + Standard
Deviation (SD). All statistical analyzes use the significant
level (p <0.05).

Results

The results of the descriptive analysis of research re-
spondents’ characteristics which include demographics, and
anthropometry are presented in Table 1.
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Table 1. The results of the descriptive analysis of the
characteristics of research respondents

Parameters n Mean Std.Deviation
Age (yrs) 15 2113 1.69
Body height (m) 15 1.56 0.04
Bodyweight (kg) 15 5347 5.53
Body mass index (kg/m?) 15 22.04 1.57
Systolic blood pressure (mmHg) 15 115.80 2.93
Diastolic blood pressure (mmHg) 15  75.87 2.90
Heart rate rest (bpm) 15 76.27 291
Oxygen saturation (%) 15  97.33 1.11

Based on the results of the descriptive analysis of the
characteristics of the respondents, the research shows
that the respondents’ average age (21.13+1.69 yrs), body-
weight (53.47+5.53 kg), body height (1.56+0.04 m), body
mass index (22.04+1.57 kg/m?), systolic blood pres-
sure (115.80+2.93 mmHg), diastolic blood pressure
(75.87+£2.90 mmHg), heart rate rest (76.27£2.91 bpm), oxy-
gen saturation (97.33+1.11 %). The results of the analysis
of the average maximum oxygen volume (VO,max), agility,
and muscle power between pretest vs. posttest are presented
in Figure 1.
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Fig. 1. The results of the analysis of the average VO,max,
agility, and muscle power between pretest vs. posttest.
Description: Maximum oxygen volume (VO,max). Data
presented with Mean + standard deviation (SD). *Significant
vs. Pretest (p < 0.001). The p-value is obtained using the Paired
Sample t-Test.

Based on Figure 1, it can be seen that there is a change
in the average maximum oxygen volume (VO,max), agility,
and muscle power between pretest vs post-test. The results
of the Paired Sample t-Test show that there is a significant
difference in the mean VO,max between the pretest vs. post-
test (26.64 + 4.25 vs. 30.76 + 4.20 mL/kg/min; p < 0.001),
mean agility between pretest vs. posttest (15.76 + 1.24
vs. 14.55+1.27 seconds; p < 0.001), the mean limb mus-
cle power between pretest vs. posttest (394.21 + 66.36 vs.
411.09 * 67.45 joule; p < 0.001), and the mean arm mus-
cle power between pretest vs. posttest (123.45 + 17.12 vs.
138.21 + 13.92 joule; p < 0.001).

Discussion

This study aims to determine the effectiveness of zumba
exercise on maximum oxygen volume (VO,max), agility, and
muscle power in students at Universitas Nusantara PGRI
Kediri. The main finding in our study was that there was a
significant increase in zumba exercise on VO,max, agility,
and muscle power between pretest and posttest. These find-
ings provide the support that zumba exercise has many health
benefits, including increasing VO,max, agility, and muscle
power. These results are in line with the results of research
conducted by Donath et al. (2014) concluded that zumba
exercise improves well-being, aerobic fitness level, and neu-
romuscular function in female students. Vendramin et al.
(2016) found evidence that zumba exercise was effective in
increasing aerobic capacity. VO,max is the main parameter
of aerobic capacity (Poole & Jones 2017). Poor cardiorespira-
tory fitness has been linked to chronic disease and premature
death (Riccietal., 2020). Exercise and physical activity, such as
dancing, have a significant effect on improving mental health,
although evidence suggests that many psychological, physio-
logical, and biochemical processes may be involved (Domene
etal,, 2016; Teychenne et al., 2008; Crone et al., 2006; Salmon,
2001). Zumba exercise has been shown to reduce the risk of
chronic disease by increasing VO,max through many adap-
tations of the body by physical activity such as increasing
cardiac size, cardiac output, stroke volume, or the number of
mitochondria and mitochondrial function (Chavarrias et al.,
2020; Bacon et al., 2013; Wilson et al., 2016). Since the whole
body is trained at moderate to vigorous intensity and includes
jumps, moves, core exercises, and choreography with exag-
gerated arm movements, among other things, increases in
muscle strength can be possible from low starting levels (Bar-
ranco-Ruiz & Villa-Gonzélez, 2020).

The World Health Organization (WHO) recognizes
physical inactivity as a global public health burden, rep-
resenting the fourth leading risk factor for global death,
above high blood pressure, smoking, and high blood gly-
cemia (Barranco-Ruiz & Villa-Gonzalez, 2020; Benjamin et
al., 2017). In addition to the health hazards associated with
the metabolic changes and increased belly fat that usually
accompany menopause, many women experience weight
gain as a function of aging (Rossmeissl et al., 2016; Al-Safi
et al., 2015; Lovejoy, 2009). Weight gain accompanied by a
tendency to increase central fat distribution is common in
middle-aged women. These changes are a result of aging,
decreased estrogen levels after menopause, and other unique
effects on postmenopausal women that interfere with adopt-
ing a healthy lifestyle (Kapoor et al., 2017).

Zumba exercise is the second most popular physical ac-
tivity after walking for women of all ages (25 to 75 years and
over) (Fan et al,, 2013). Regular physical activity is considered
one of the most important factors for lifestyle, maintaining
good health, and increasing life expectancy, especially in
the elderly (Douka et al., 2019). Public health profession-
als around the world should emphasize the need to increase
activity levels during leisure time, as well as the need to in-
corporate physical activity into activities of daily living (Lee
etal., 1997). Norouzi et al. (2020) described that aerobic exer-
cise and zumba exercise could be recommended in addition
to standard care to improve working memory and reduce the
severity of depressive symptoms among female patients with
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fibromyalgia. On the other hand, exercise therapy has become
more widely used because of its benefits for the cardiovascu-
lar system, emotional state, and systemic function (Xie et al.,
2020). Lack of physical activity has a hugely adverse effect
on health all over the world. Reducing or eliminating these
unhealthy behaviors can substantially improve health (Lee et
al., 2012). Zumba exercise is considered an activity that of-
fers different sensory engagements and connects movement
to music with self-expression and applies different aspects
of personality (Kaufmann, 2011; Studer-Liithi & Ziiger, et
al., 2012). Sports and daily activities can not be separated
from skeletal muscle activity, the most important attribute of
skeletal muscle is the ability to generate power, the product of
strength and speed of movement (Kraemer & Newton, 2000).
So that zumba exercises can be used as an effective sports ac-
tivity to improve various components of health for the body.

Conclusion

In general, it can be concluded that the Zumba exercise
which is carried out for 30 minutes/training session, with an
intensity of 80% HRmax, which is carried out 3x/week for
8 weeks significantly increases the maximum oxygen volume
(VO,max), agility, and muscle power in the students of Uni-
versitas Nusantara PGRI Kediri, East Java, Indonesia. Based on
the results of the study, it can be suggested that Zumba exercise
can be an alternative non-pharmacological approach to im-
proving an active lifestyle as an effort to improve health quality.
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EQEKTUBHICTb BrJiuBY BNPAB 3YMbU HA MAKCUMAJIbHE
CNOXUBAHHA KUCHIO, CIIPUTHICTb | M'A30BY CUJTY Y CTYAEHTOK

ITyciopmapi'*®P, Oue BipiaBan'A®P, Xapi Cerimxono'**?, ITonni Ericano Apdanpma'®®, Bacic
XimaBanTo**, Cycinarypouman Xengpasan Koecranro®*?, Byni Xantopo®*?, CentpsaHin
JlycianTi’®®, Penpgirpsa IIpima ITyrpa®®®, Paxaro IIpacenriito*®®, Axi IIpanoro®“®

'Cypabaiicbkuit lep>kaBHUN YHIBEpCUTET

*Kenipiitcpkuii yHiBepcuteT HycanTapa Aconianii Bunrenis IngoHesii
*YuiBepcurer Kaxypinan B Kenipi

*TI>koMOaHTCHbKUI TIeJaroriyumii Konemx Acouianii Bunrenis [Hmonesii
YuiBepcureT AlipraHra

ABTOpCHKNMIT BKIAL: A — FU3aiiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 7 ., 1 Tabm., 1 puc., 45 mxeper.

Mertoro mocnimkeHHsa 6y1o foBecTn eeKTUBHICTh BIUVIMBY BIPAaB 3yMOM Ha MaKCUMajbHe CIIOKMBAHHA KMcHI0 VO2max,
CIPUTHICTb i M’HsoBy cuny y crynenTok Kepipificeknmit yHiBepcuter Hycantapa Aconianii Bunrenis Inponesii, Cxigna fBa,
Iamonesis.

Marepianu Ta metomu. Ile mocmi>keHHA € IepefeKCIepUMEHTAIbHOI0 CXEMOIO TOCTIPKEHHA 3 IJIAHOM IIOIEPEJHBOrO Ta
HiZICYMKOBOTO TeCTyBaHH:A Ha OfiHiil IPyIi. 3arajoM y JOCTiIKeHHi JoOpoBiIbHO 6panm y4acTb 15 CTYAeHTOK 3i CTy/IeHTChKOI
ceKIil TaHI[fOBanbHOI aepobikn B Kenipiitcokumit yHiBepcuteT Hycantapa Acomnianii Buntenis Ingonesii, Cxigna fBa, Inonesis,
BikoM 19-24 poxu, inpiekc macu tina (IMT) 19,0-24,0 xr/m?, aprepia/ibHuit TUCK HOpMasbHuiL, okasHuk YCC y craHi CIIOKO0
HOPMaJIbHMI, HOpMaJIbHe HacuueHH:A KucHeM (SpO,). BipaBu 3ym6u nposopumu 1o 30 XBWIVH/3aHATTA 3 iHTeHCUBHICTIO 80%
makcumansHol YCC (HRmax) i3 4acToToM0 3 pasu/TioKieHb IpOTAroM 8 TVOKHIB. ]/t BUMIPIOBaHHS MaKCHMMA/IbHOTO CITOXKIBAH-
Hi KucHo (VO,max) BUKOPMCTOBYBa/IM OaraToeTarnHuil ¢GiTHec-TeCT YOBHMKOBOTO Oiry Ha 20 MeTpiB. [I/ig BUMipIOBaHHA CHIN
M’s13iB HII' BUKOPMCTOBYBa/M TeCT «BepTukambHuil cTprbOK», TOAL SIK CUTy M A3iB PYK OLIHIOBA/IM 3a JOIIOMOroo TecTy «Kupgox
Men6omy». I/ aHasIisy JaHUX BUKOPUCTOBYBaN t-KpuTepiit CThIOfieHTa [/Is TapHMX BUOIPOK 3a piBHA 3HAUYIIOCTI 5%.

Pesynpraru. Onep>xaHi pesynbTaTi: cepefiHiil mokasHuk VO,max y IonepefiHbOMY TeCTYBAaHHi IIOPIBHAHO 3 MifICYMKOBUM
(26,64+4,25 nporu 30,76+4,20 mn/kr/xB; p < 0,001), cepepHiil MOKaSHUK CIPUTHOCTI y HOIEPEFHbOMY TeCTYBaHHI MOPIBHAHO 3
nigcymkoBuM (15,76+1,24 nporu 14,55+1,27 cexynny; p < 0,001), cepeqHiit MOKasHUK CUIN M s31B KiHIIiBOK Y HOIIEpeHbOMY
TeCTyBaHHI HOPIBHAHO 3 MificyMKoBUM (394,21+66,36 nporn 411,09+67,45 mxoyns; p < 0,001) i cepenHiit mokasHUK cumm M A3iB
PYK Yy IOIepefHbOMY TeCTyBaHHi MOPiBHAHO 3 migcyMKoBuM (123,45+17,12 mporu 138,21+13,92 mxoyns; p < 0,001).

BucHoBKu. 3a pe3ynbTaTaMy JOCTIIKeHHs 0y/10 3p0o6/IeHO BUCHOBOK, IO BIIPaBM 3yMOM, siKi mpoBogwm 1o 30 XBUINH/
3aHATTA 3 iHTeHCcuBHICTIO 80% MakcuManpHOi YCC (HRmax) i yactoToro 3 pasu/TV>KaeHb IPOTArOM 8 TUXKHIB, MiZBUILIVJIN I10-
kasHmky VO,max, CHpUTHOCTI Ta cum M’s13iB y cryaentok Kepipiiicpkuit yriBepcuteT HycanTtapa Acouianii Buurenis InpoHesil,
Cxigna SBa, Ingonesis.

Kirouosi cmosa: VO,max, M’5130Ba CiIa, CIIPUTHICTD, BIIPaBy 3yMOIL.
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Abstract

Study purpose. This study aimed to examine the wall and pair models: (1) the difference in the effect of wall and pair
exercises on Sepak sila (2) the difference between the high and low balance on Sepak sila (3) the interaction of wall
and pair models with a high and low balance on Sepak sila skills.

Materials and methods. The method used in this research was a 2x2 factorial experiment. The research
participants included 24 male students who took extracurricular sepak takraw aged 14-15 years with a height of
153-170+ centimeters and a weight of 50-60 kilograms. The instruments used in this study were modified bass test
balance instruments and Sepak sila instruments. Data collection techniques consisted of observation and tests.

The data obtained were analyzed using a two-way Anova with the help of SPSS 20.

Results. (1) There was a significant difference in effect between the wall and pair training models on Sepak sila
skills with F 19.698 and sig. 0.000 <0.05. Based on the findings, the paired model was found to be better with an
average of 46.17 compared to the model on the wall which obtained an average of 41.50. (2) It was found that there
was a significant difference in effect between the high and low balance on Sepak sila skills where high balance was
better with an average of 46.33 compared to low balance with an average of 41.33. (3) It was found that there was a
significant interaction between the wall-mounted and paired exercise models with a high and low balance on Sepak

sila skills with F 130.251 and sig. 0.000<0.05.

Conclusions. In conclusion, the paired exercise model is better than the wall exercise model. As a result, it is advised
to use a paired model to strengthen the fundamental technical skills of Sepak sila.

Keywords: pair practice, Sepak sila, sepak takraw, first middle school students.

Introduction

Sepak takraw is an original game sport from Asia (Wi-
bisono, Indriarti & Daniati, 2020; Syam, 2019). This game
was initially only played in the kingdom, but it developed
into a recreational and achievement sport over time (Zulkifli,
Asmawi, Hanif, & Bon, 2019). “Sepak” means kick “takraw”
means ball made of rattan which the word comes from the
Thai language (Zarei & Ramkissoon, 2021). The game of
sepak takraw is played by two competing teams where each

© Yudanto, Yudhistira, D., Antoni, M.S., & Septian, M., 2022.
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team has three players named tekong, feeder, and spiker who
are separated by a net (Wibisono, Indriarti & Daniati, 2020).

When it comes to process success, several aspects in-
fluence it. Technique mastery is one of the aspects that de-
termine the improvement of achievement in sepak takraw.
According to studies, to be successful in sepak takraw, play-
ers must first master basic methods before learning more
advanced strategies (Asmawi, Hanif, & Bon, 2019; Coh et
al., 2004; Sukmana, Mutohir & Muhyi, 2021). Another study
states that to be skilled at playing sepak takraw, each individ-
ual must master basic techniques including heading, serv-
ing, smash, blocking, as well as kicking techniques includ-
ing sepak badek, sepak kuda, sepak cungkil, and Sepak sila
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(Adrian & Heru, 2020; Rohman Hidayat, 2018; Heriansyah,
Adelian & Suhartiwi, 2017; Muhyi et al., 2021).

The main technique in sepak takraw is Sepak sila. Sepak
sila is a kicking technique using the inside of the foot (Sucipto
& Sugiyanto, 2017). Another theory states that the main basic
technique in the game of sepak takraw is Sepak sila, remem-
bering that when individuals master the technique of Sepak
sila, it can make it easier for them to receive, control the
ball, and withstand the opponent’s attacks (Zulman, Umar
& Atradinal, 2018). Saputra and Supriyadi (2017) stated that
the basic technique that is important to master is Sepak sila,
because, in the game of sepak takraw, most use the Sepak sila
technique to pass and receive the ball well.

When viewed more closely, the basic practices of Sepak
sila require balance. Novrianto (2013) conducted a study titled
“Study on the association between balance and sila skills in the
game of sepak takraw?” His investigation discovered a substan-
tial link. Tahmrin (2011) found that balance and leg muscle
endurance contributed to Sepak sila in his study. The research-
er might conclude from the findings of the two studies that
technical skills are directly related to an individual’s balance.

Efforts to improve the fundamental techniques of Sepak
sila in sepak takraw, of course, necessitate the use of a good
and appropriate program and approach. When testing a
method, trainers are required to experiment. The teaching
methods with reflections on the wall and the pair train-
ing method are two that are frequently used to teach basic
concepts in sepak takraw (Riska, 2020; Mardela & Rahman,
2017; Tambunan, 2014; Khozali, 2015; Fadli & Yudi, 2019).

The application of the reflection method to the wall and
in pairs has been tested and is considered to have a significant
effect on improving basic techniques in sepak takraw. From
his study, it was found that there was a significant effect of
pair passing practice on the skills of passing the ball in takraw
extracurricular students. Furthermore, Riska (2020), and
Mardela and Rahman (2017) stated that there was a significant
effect of practicing soccer skills using individual and pair train-
ing methods. However, other studies have stated that exer-
cises with reflected media on the wall do not have a significant
improvement compared to the hanging ball training method
(Ermanto, 2013). Although the research from Ermanto (2013)
provides strong evidence, Khozali (2015) refutes Ermanto’s
findings based on the results of his research that the paired
method, wall reflecting media, and hanging media have an
equally significant increase. Therefore, it becomes an empiri-
cal problem that requires re-testing by applying the exercise
method using wall media and pairs supported by observation.

Observations were carried out at four junior high
schools that had sepak takraw extracurricular activities. Re-
searchers at this stage observe the practice process, the coach
gives instructions to students to hold the ball themselves and
then play the takraw ball so it doesn't fall with the correct
soccer technique. However, additional observation reveals
that students’ use of the inner foot when performing the sila
technique is not faultless. Many students continue to strike
the heel, toe, and outside of the foot. Furthermore, motiva-
tion to practice versions of the kick model is still very low, as
seen by students’ mastery of basic movement skills for rock-
ing and kicking during extracurricular activities. Individual
exercises with the practice system of holding the ball once
and then catching it are also common among students in
this case. Kicking or holding the ball is a mandatory require-

ment that must be mastered by students so that the practice
method using reflection media on the wall and in pairs needs
to be done to optimize basic techniques, especially silage.
Based on the description described above, it can be
understood that there are problems regarding the applica-
tion, understanding, and motivation to practice the basic
techniques of playing sepak takraw in first middle school
extracurricular participants. To overcome this, the research-
ers will apply the exercise method with reflection media on
the wall and in pairs. The purpose of this study was to test
the exercise method with reflections on the wall and the pair
practice method to improve the basic techniques of Sepak
sila in terms of low and high balance in junior high school
extracurricular participants in West Sleman Regency, Yo-
gyakarta Province. This study hypothesizes that there are
differences in wall exercises and pair exercises on Sepak sila
skills, there are differences in high balance and low balance
on Sepak sila skills, and there is an interaction between wall
and pair exercises as well as balance on Sepak sila skills.

Table 1. Factorial Experiment Design 2x2

Practicing (L)
Balance (K) Sepak sila Practice with Sepak sila Practice in
Walls (L1) Pairs (L2)
High (K1) (L1K1) (L2K1)
Low (K2) (L1K2) (L2K2)

Where: L1: Sepak sila Practice with Walls; L2: Sepak sila Practice
in Pairs; K1: High balance; K2: Low balance; (L1K1): Sepak
sila practice with the wall on high balance; (L1K2): Sepak
sila practice with the wall on low balance; (L2K1): Sepak sila
practice in pairs on high balance; (L2K2): Sepak sila practice
in pairs on low balance.

Table 2. Instructions for the Sepak sila Skills Test
Implementation

Facilities used

Spacious and flat sepak takraw field
Takraw ball

Net

Stopwatch

Meter

Duct tape

Stationary

Whistle

SR e an o

Implementation

The ball is kicked using a Sepak sila technique (inner foot).

The ball that falls to the ground can be used again, but the

score on the second shot is determined from the start and

is valid every time after the ball has fallen until the available

time runs out.

c. Balls that are kicked using other techniques (other than Sepak
sila) can still be used but the score does not count and as long
as the ball has not fallen to the floor.

d. The ball that counts must be at chest level.

The area of the control field is not limited.

The time limit applied is one minute.

o e

™o

Scoring

a. The score is taken from the number of Sepak sila that can be
taken in one minute.

Every three kicks are counted with a value of one and so on.
Kicks that are not at chest level will not count.

The overall score is obtained by adding up all the kick scores
that have been divided by three.

po o

486



Yudanto, Yudhistira, D., Antoni, M.S., & Septian, M. (2022). The Effect of the Training Model and Balance on Students’ Sepak Sila Skills
on Sepak Takraw Extracurricular in First Middle School

Table 3. Practicing program of Sepak sila

Sepak sila Practice in Pairs Sepak sila Practice with Walls Meeting
a. Flexibility training a. Flexibility training
b. The ball is thrown with a parabolic dish to the student who b. The ball is bounced off the wall and then juggled
is the partner. The partner accepts and kicks the ball with once with the Sepak sila technique before being
Sepak sila 1 time and catches it. The ball is thrown back to the caught. 12
opponent. c. Dosage: 20 minutes. 3 sets x 8 reps, 30 seconds ’
c. Dosage: 20 minutes. 3 sets x 8 reps, 30 seconds recovery recovery
d. 15 minutes Games d. 15 minutes Games
a. Flexibility Training a. Flexibility training
b. The ball is thrown with a parabolic dish to the student who b. The ball is bounced off the wall and then juggled
is the partner. The partner accepts and juggles the ball with once with the Sepak sila technique before being
Sepak sila 1 time and catches it. The ball is thrown back to the caught. 3,4
opponent. Dosage: 20 minutes. 3 sets x 11 reps, 30 seconds
c. Dosage: 20 minutes. 3 sets x 11 reps, 30 seconds recovery recovery
d. 15 minutes Games d. 15 minutes Games
a. Flexibility training a. Flexibility training
b. The ball is thrown with a parabolic dish to the student who b. The ball is bounced off the wall and then juggled
is the partner. The partner accepts and juggles the ball with 2 times with the Sepak sila technique before being
Sepak sila 2 times and catches it. The ball is thrown back to the caught. 5,6
opponent. c. Dosage: 20 minutes. 4 sets x 13 reps, 35 seconds
c. Dosage: 20 minutes. 4 sets x 13 reps, 35 seconds recovery recovery
d. 15 minutes Games d. 15 minutes Games
a. Flexibility training a. Flexibility training
b. The ball is thrown with a parabolic dish to the student who b. The ball is bounced off the wall and then juggled
is the partner. The partner accepts and juggles the ball with 2 times with the Sepak sila technique before being
Sepak sila 2 times and catches it. The ball is thrown back to the caught. 7,8
opponent. c.  Dosage: 20 minutes. 4 sets x 16 reps, 35 seconds
c. Dosage: 20 minutes. 4 sets x 16 reps, 35 seconds recovery recovery
d. 15 minutes Games d. 15 minutes Games
a. Flexibility training a. Flexibility training
b. The ball is thrown with a parabolic dish to the student who b. The ball is bounced off the wall and then juggled
is the partner. The partner accepts and juggles the ball with 3 times with the Sepak sila technique before being
Sepak sila 3 times and catches it. The ball is thrown back to the caught. 9,10
opponent. c. Dosage: 20 minutes. 5 sets x 18 reps, 40 seconds
c. Dosage: 20 minutes. 5 sets x 18 reps, 40 seconds recovery recovery
d. 15 minutes Games d. 15 minutes Games
a. Flexibility training a. Flexibility training
b. The ball is thrown with a parabolic dish to the student who b. The ball is bounced oft the wall and then juggled
is the partner. The partner accepts and juggles the ball with 3 times with the Sepak sila technique before being
Sepak sila 3 times and catches it. The ball is thrown back to the caught. 11,12
opponent. c. Dosage: 20 minutes. 5 sets x 21 reps, 40 seconds
c. Dosage: 20 minutes. 5 sets x 21 reps, 40 seconds recovery recovery
d. 15 minutes Games d. 15 minutes Games
a. Flexibility training a. Flexibility training
b. The student juggles the ball using the Sepak sila technique 2~ b. The ball bounces off the wall and juggles it
times and then feeds it to his partner and juggles it 2 times parabolically 3 times and horizontally 1 time 1314
without the ball falling c. Dosage: 20 minutes. 6 sets x 23 reps, 45 seconds ’
c. Dosage: 20 minutes. 6 sets x 23 reps, 45 seconds recovery recovery
d. 15 minutes Games d. 15 minutes Games
a. Flexibility training a. Flexibility training
b. The student juggles the ball using the Sepak sila technique2 ~ b. The ball bounces off the wall and juggles it
times and then feeds it to his partner and juggles it 2 times parabolically 3 times and horizontally 1 time
without the ball falling c. Dosage: 20 minutes. 6 sets x 25 reps, 45 seconds 15,16
d. Dosage: 20 minutes, 6 sets x 25 reps, 45 seconds recovery, recovery
25 reps x 2 sets of target serve behind, overhead, and in front. d. 15 minutes Games

15 minutes Games

Materials and methods

Study participants

This research is experimental research with field test-

ing (Yulianto & Yudhistira, 202; Wicaksono et al., 2022).
The experimental approach used is a 2x2 factorial involving

two independent variables given treatment, one dependent
variable, and one controlled attribute variable (Collins et al.,
2014; Rogers & Revesz, 2020). The sampling technique used
was purposive sampling with the criteria (1) participants
were extracurricular junior high school (SMP) students in
West Sleman Regency, Yogyakarta Province, (2) actively
participated in sepak takraw training, and (3) male. Based
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on these criteria, there were 24 takraw extracurricular par-
ticipants aged 14-15 years with a height of 153-170+ and a
weight of 50-65+ kilograms.

A total of 24 participants will be divided into four groups
by testing the modified bass balance test (Jazi et al., 2012).
The results of the balance test will apply the Match Subject
Ordinal Pairing (MSOP) pattern with the A-B-B-A pattern
so that the group becomes balanced. Based on the test, it was
found that 12 students who had high and low balance would
be given Sepak sila training with bouncing the ball against
the wall media, and 12 other students were given Sepak sila
training with media where students pair up with each other.
In detail, one group consists of 12 students who are divided
into 2 teams, each consisting of 6 students who have a low
balance and 6 students who have high balance Sepak sila
practice by bouncing the ball against the wall media and in
pairs. The factorial design is presented in the table 1.

The next procedure is to do a pretest on the Sepak
sila group with wall media and in pairs. The instrument
used was a Sepak sila skills test instrument from Ramadhan
(2015) with a validity coefficient of 0.71 and a reliability of
0.68. The study explains that the Sepak sila skills test valid-
ity coeflicient with a value of 0.70 and above has a level of
measurement accuracy (Guntur et al., 2020; Dewangga &
Tomoliyus, 2020; Yudhistira et al., 2021), while a reliability
coeflicient of 0.6 to 0.7 indicates moderate accuracy (Chou-
bin et al., 2019). Therefore, the test of Sepak sila skills can
be used in research. The procedure for the Sepak sila test is
presented in the table 2.

Study organization

The participants were 24 students divided into two
groups so each group consisted of 12 students. Students are
given treatment using wall media by bouncing the ball on
the wall and in pairs with the number of training frequencies
3 times a week for 16 meetings. The researcher was assisted
by four assistants to observe the pretest time during the
exercise in 16 meetings and the post-test was taken after the
16th training meeting. The exercise program is presented in
the table 3.

Statistical analysis

The data was processed with the help of SPSS version 20
(Wicaksono et al., 2022). The data analysis used was a two-
way ANOVA analysis. If there is an interaction, the analysis
will be continued using the Tukey test with a significance
level of 0.05 (Liang, Hiley & Kanosue, 2019). However, be-
fore applying the analysis, it is necessary to carry out prereq-
uisite tests including tests for normality and homogeneity
of the data. Thus, when the data is said to be normal and
homogeneous, the test can be continued.

Results

If it is displayed in the form of a diagram, the data on
Sepak sila skills can be presented as shown in the following
graph.

Based on the graph above, shows that the Sepak sila
skills of the group (L1K1) who applied wall media and have
high balance obtained an average pretest score of 35.00 and

Table 4. Analysis Results in Description of Pretest-Posttest

Practicing Balance Pretest Posttest
Sepak sila Practice High (L1K1) 35 ~ +£126 38 +1.10
with Walls Low (L1K2) 35.53 +1.37 45 +4.15
Sepak sila Practice High (L2K1) 36 ~ +£0.89 54.67 + 047
in Pairs Low (L2K2) 34.50 +1.38 37.67 +2.25

|Keterampilan sepaksila |
1
1
L1K1 L2K1 L1K2 L2K2
EPretest 35.00 36.00 3553 3450
DOPosttest | 38.00 5467 4500 3767

Fig. 1. Graphics of soccer skills

increased at the post-test to 38.00. The group (L2K1) of
Sepak sila in pairs who has high balance obtained an aver-
age pretest score of 36.00 and increased at post-test to 54.67.
The group (L1K2) of Sepak sila with wall media which has
a low balance obtained an average pretest score of 35.53 and
increased at post-test to 45.00. The group (L2K2) of Sepak
sila in pairs who have low balance obtained an average pre-
test score of 34.50 which increased to 35.67 at the posttest.

Table 5. Data Normality Test Results

Group P significance Information

L1K1 0,713 Normal

L2K1 0,968 Normal
Pretest

L1K2 0,801 Normal

L2K2 0,976 Normal

0,05

L1K1 0,573 Normal

L2K1 0,986 Normal
Posttest

L1K2 0,996 Normal

L2K2 0,920 Normal

Based on the statistical analysis of the normality test that
has been carried out using the Kolmogorov Smirnov test,
it was found that all the pretest and posttest data on Sepak
sila were normally distributed with a significance value of
p>0.05.

Table 6. Data Homogeneity Test Results

F Df1 Df2
2.134 3 20

Significance
0.128

Based on the statistical analysis of the homogeneity test
that has been carried out using the Levene test, a significance
value of > 0.05 was found. This result indicates that the data
has a homogeneous variance.

According to the Anova test, the F value is 19,698 and
the significance value is 0.000 <0.05. In other words, there is
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Table 6. ANOVA Test Results for Paired Exercise and Wall
Exercises

Source Type III Sum of df Mean Square F Sig
Squares
Exercise
Method 130.667 1 130.667 19.698 0.000

a significant difference in the effect between exercises with
wall media and in pairs on Sepak sila skills. Paired group
analysis got a score of 46.17 and the group with wall media
got 41.50 so the post-test difference was 4.67. These results
indicate that the group with paired exercises produced better
results. The first hypothesis, that there is a significant differ-
ence in the effect of pair practice and wall media practice on
soccer abilities, has thus been proved.

Table 7. ANOVA Test Results on Differences in High
Balance and Low Balance on Sepak sila Skills

Source Type III Sum of df MeanSquare F sig
Squares
Balance 150.000 1 150.000 22.613 0.000

Based on the ANOVA test above, it is presented that the
F value is 22.613 and the significance value is 0.000 < 0.05
which indicates a significant difference in influence on the
Sepak sila skills between extracurricular students who have
high balance and low balance. Based on the results of the
analysis, students who have high balance get a score of 46.33
and students who have low balance get a value of 41.33, and
students who have high balance are better. Thus, the second
hypothesis which states that there is a significant difference
in the effect between students who have high balance and
low balance on Sepak sila skills has been proven.

Table 8. ANOVA Test Results on the Interaction of Paired
Exercises and Wall Exercises with Balance (High and Low)
on Sepak sila Skills

Source Type I1I Sum of df Mean Square F Sig
Squares
Exercise
Method * 864.000 1 864.000 130.251  0.000
balance

Based on the ANOVA test results, the F value is 130.251
and the significance value is 0.000 <0.05, indicating an inter-
action. The third hypothesis, that there is a substantial interac-
tion between pair practice and wall media exercises with high
and low balance on Sepak sila skills, has thus been proved.

Based on the Tukey test, the asterisk (*) can be explained
that the pair having an interaction. Interactions are found in (1)
L1K1-L1K2 (Sepak sila practice with wall media for students
with high balance — Sepak sila practice with wall media for
students with low balance). (2) LIK1-L2K1 (Sepak sila practice
with wall media for students with high balance — Sepak sila
practice in pairs for students with high balance). (3) LIK2-L2K1
(Sepak sila practice with wall media for students with low bal-
ance — Sepak sila practice in pairs for students with high bal-
ance), (4) L1K2-L2K2 (Sepak sila practice with wall media for

Table 9. Post Hoc Test Results

Group Interaction Mean Difference Std. Error Sig
L1K2 -7.0000% 1.48698 0,001
L1K1 L2K1 -16.6667* 1.48698 0,000
L2K2 0.3333 1.48698 0,996
L1K1 7.0000* 1.48698 0,001
L1K2 L2K1 -9.6667* 1.48698 0,000
L2K2 7.3333* 1.48698 0,000
L1K1 16.6667* 1.48698 0,000
L2K1 L1K2 9.6667* 1.48698 0,000
L2K2 17.0000* 1.48698 0,000
L1K1 -0.3333 1.48698 0,996
L2K2 L1K2 -7.3333% 1.48698 0,000
L2K1 -17.0000* 1.48698 0,000

students with low balance — Sepak sila practice in pairs for
students with low balance), (5) L2K1-L2K2 (Sepak sila practice
with wall media for students with low balance - Sepak sila
practice in pairs for students with low balance).

Discussion

Efforts to improve abilities and skills in sepak takraw
must be carried out through well-planned exercises and ap-
propriate training methods. This is following several stud-
ies which state that training aims to improve competence
and skills individually and in teams (Sulistiyono et al., 2021;
Khudolii et al., 2020; Henry, 2013). Reinforced by other
studies, it is stated that achieving success in the field of sports
is the dream of every athlete so maximum coaching and
approaches are needed (Nur, Ilham & Kamaruddin, 2021).
Moreover, sepak takraw is considered a team sport that uti-
lizes the mastery of qualified skills (Musa et al., 2020). The
basic technique is important because various movements
in sepak takraw require a perfect technique to win a match.

Coaches play an important part in the success of sepak
takraw extracurricular students because sepak takraw extra-
curricular require specific attention not only for complete
attendance but also for achievement sports. According to
Nur, ITham, and Kamaruddin (2021), sport is intended to give
broader educational engagement and contribution, which ne-
cessitates an improvement in sports achievement in schools.

According to a previous study, coaches become like he-
roes with variable roles who can become facilitators, motiva-
tors, and parents, and always update knowledge so that the
athlete’s competence can dramatically rise (Wicaksono et al.,
2022). According to Tirtawirya and Tomoliyus (2020), get-
ting better at sporting activities is not easy, and it is required
to pay attention to numerous elements such as physically,
physically, and technically setting up an exercise program.

One of the most important basic techniques in sepak
takraw is soccer. The study explains that the Sepak sila tech-
nique is the mother of the sepak takraw game because of
its very vital function, namely to receive kicks from the op-
ponent’s service, feed to teammates, and as a ball carrier to
the opponent (Suprayitno, 2018). Therefore, the role of the
coach is needed to develop a good method to optimize the
basic techniques of this Sepak sila in sepak takraw.
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There are numerous training methods used in team
sports that are carried out in certain games. That is, the train-
ing method used is appropriate for the competitive con-
ditions (Said & Syam, 2022). The media training method
of bouncing the ball against the wall and the pair training
method are utilized in sepak takraw. These are two options
for improving the fundamental techniques of sepak takraw,
particularly the Sepak sila technique. According to a prior
study, the exercise strategy used alone and in pairs attempts
to develop the technique to be reached (Said, & Syam, 2022).

Based on the ANOVA test, the first hypothesis which
states that there is a significant difference in the effect be-
tween pair practice and wall media practice on Sepak sila
skills has been proven with an F value of 19,698 and a sig-
nificance value of 0.000 <0.05. The analysis of the post-test
results in the group with pair practice got a score of 46.17
and the group with wall media got a score of 41.50. Thus, the
posttest difference is 4.67. In other words, the training meth-
od in the group with paired exercises produces better results.

Based on the Anova test, the second hypothesis which
states that there is a significant difference in influence be-
tween students who have high balance and low balance on
Sepak sila skills has been proven, which is indicated by an F
value of 22,613 and a significance value of 0.000 < 0.05. In
the analysis of post-test results, students who have high bal-
ance get a score of 46.33, and students who have low balance
get a score of 41.33. These results indicate that students who
have high balance are better than students who have low bal-
ance in doing the silage technique.

Based on the Anova test, the third hypothesis which
states that there is a significant interaction between pair
exercise and exercises with wall media with high and low
balance can be said to have been proven with an F value of
130.251 and a significance value of 0.000 < 0.05. Based on the
Tukey test, the interacting groups are (1) L1K1-L1K2 (Sepak
sila practice with wall media for students with high balance
— Sepak sila practice with wall media for students with low
balance). (2) L1K1-L2K1 (Sepak sila practice with wall me-
dia for students with high balance — Sepak sila practice in
pairs for students with high balance). (3) L1K2-L2K1 (Sepak
sila practice with wall media for students with low balance —
Sepak sila practice in pairs for students with high balance),
(4) L1K2-L2K2 (Sepak sila practice with wall media for stu-
dents with low balance - Sepak sila practice in pairs for stu-
dents with low balance), (5) L2K1-L2K2 (Sepak sila practice
with wall media for students with low balance - Sepak sila
practice in pairs for students with low balance). In the end,
the results have been obtained that all the hypotheses pro-
posed by the researcher have been proven. This is reinforced
by a study from Jaka (2014) which explains that training
with individual and pair methods has a significant effect on
soccer skills where the paired method is found to be better.

Conclusions

Based on the results and discussion above, the researchers
found that (a) there was a significant effect between exercises
with wall media and pairs on Sepak sila skills where training
with the paired method was found to have better results, and
(b) there was a significant effect between students who have a
high and low balance on the Sepak sila skills where high bal-
ance results in better performance, (c) there was a significant

interaction between training with wall media and paired with
high and low balance. The findings of this study can be used
as a reference that to improve the basic technical skills of
Sepak sila, it is recommended to use the paired method.
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ABTopcbknii BKIa: A — nusaiis gocnipkenns; B — 36ip ganux; C - cratananis; D - migroroska pykomcy; E - 36ip komrris

Pegepar. Crarrst: 8 ¢., 9 Tabn., 1 puc., 38 mxeper.

Mera gocnigxenHs. Lle Toc/miKeHHs MaIo Ha MeTi BUBYMTY MOJe/li TPeHYBaHb HA CTiHi Ta B mapax: (1) pi3Huuio y BImsi
BIIPaB Ha CTiHi Ta B Mapax Ha BUKOHAHHA TexHiky Cemnak cua (2) pisHUIII0 MDK BICOKOIO Ta HU3BKOIO PIBHOBArol0 Ha BUKOHAHHSI
texHiky Cerak cua (3) B3aeMHMII BIUIMB MOJie/iell TPeHYBaHb Ha CTiHi Ta B I1apax i3 BYCOKOIO Ta HIM3bKOIO PIBHOBArOI0 Ha HaBJ-
4Ky BUKOHaHHs TexHiky Cerak cuta (KOHITIIOBAaHHS M sT4eM Ha HO31 B HOKHOMY Boseit6ori — Cenak Takpo).

Marepianu Ta MeTopu. Y 1[bOMY JOCII/PKEHH] BUKOPUCTOBYBA/IN METOJ, (PAKTOPHOTO €KCIIEPUMEHTY 3a CXeMo 2X2. Yyac-
HMKaMI HOCTiKeHHs Oy 24 y4Hi 90710Bi40i cTaTi, sKi BigBinyBamm ¢akynpratusHi 3aHsaTTss Cenrak Takpo, Bikom 14-15 pokis,
3poctoM 153-170+ canTuMeTpiB i Baroio 50-60 kinorpamis. BumiproBanbHumu 3aco6amu, sIKi BUKOPUCTOBYBA/IM B [IbOMY HOCIIi-
I>KeHHi, 6y/m BuMipioBajIbHi 3acobu MoudikoBaHoro tecTy Bacca Ha AMHaMiuHY piBHOBary Ta BUMIipIOBajIbHi 3acO0M TeXHIKM
Cemak cnma. Mertoay 360py faHMX CKIafia/ics 31 CiocTepeskeHHs Ta TecTiB. Ofep)xaHi fani 6y npoaHanisoBaHi 3 BUKOPUCTaH-
HSAM [1BO(aKTOPHOTO [YCIEPCilTHOro aHasisy 3a JOIMOMOro0 IIporpaMHoro 3abesnederns SPSS 20.

Pesynprarn. (1) byno BcTaHOB/IEHO CTaTUCTUYHO 3HAYYINY PiSHMIIO MiXK MOZE/IAMM TPeHYBaHb Ha CTiHi Ta B Mapax y BIIMBi
Ha HaBn4ku Cemnak cuia 3 nokasHukoMm F 19,698 ra snauyymictio 0,000 <0,05. Ha nifcTaBi ux oTpMMaHMX IaHUX MOJie/Ib TPEHY-
BaHb y IIapax i3 cepefiHiM IOKa3HUKOM 46,17 BusABM/IaCA KPallolo, IIOPiBHAHO 3 MOZE/I/IIO TPEHYBAaHb Ha CTiHi, AKa OTpMMara cepes-
Hiit mokasHuk 41,50. (2) By/o BCTaHOBJIEHO CTATMCTUYHO 3HAYYILY PI3HMII0 MDK BMCOKOIO Ta HU3bKOIO PiBHOBAro y BIUIMBI Ha
HaByuky Celak CHJIa, [ie BICOKa piBHOBara 6yia Kpaliolo i3 cepefHiM 3Ha4eHHIM 46,33, MOPiBHAHO 3 HU3BKOIO PIBHOBArOIO i3 ce-
penHiM sHaueHH:sM 41,33. (3) By/o BcTaHOB/IEHO HasIBHICTD 3HAYYIIIO] B3AEMOZIT MK MOJE/LSIMI HACTIHHIX TPEHYBAHb | TPeHyBaHb
y Iapax i3 BMCOKOIO Ta HM3bKOIO PiBHOBAroo y BIUMBi Ha HaBuuky Cemnak cuia 3 mokasuukoMm F 130,251 Ta sHauymgictio 0,000<0,05.

Bucnosku. IligcymoByoun, M1 0XOAMMO BUCHOBKY, 110 MOJE/Ib IIAPHUX BIIPaB Kpallla 3a MOJie/ib BIIpaB Ha CTiHi. Tomy
PEeKOMEH/IyETbCA BUKOPMCTOBYBAT IIAPHY TPeHYBa/IbHY MOJIe/Ib [I/I1 3MilJHEHHS OCHOBHMX TeXHIYHMX HaBM4YOoK Celak cua.

Knrouosi cnosa: napui Bupasu, Cenak cua, Celak Takpo, Y4Hi IIepIIol cepeiHbO KON,
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Abstract

Study purpose. The aim of the study was to develop a manual and easy test instrument for basic movement skills in

early childhood.

Materials and methods. In this work, we use a research and development (R&D) method. The research procedures
are: (1) the first stage is a preliminary study in the form of potential problems, data collection, and needs analysis,

(2) the second stage is instrument development planning, and (3) the third stage is trial, expert evaluations,

and product revisions, and (4) the fourth stage is model implementation. A total of 155 children aged 4-6 years
participated in this study. Statistical analysis used is the product-moment correlation for the validity test and
Cronbach alpha for the reliability test. Data were analyzed using the SPSS application.

Results. The results of this study are 1) the creation of a basic movement skill test instrument that can measure three
components, namely locomotor, non-locomotor, and manipulative. 2) Based on this validity test, from 15 research
instruments of basic movement skills (Y) tested, 15 items were obtained with r-count > 0.133 and were declared valid
to be used in capturing research data. 3) The results obtained were r-count = 0.676 and r table 0.133, so the value of
r arithmetic > r table, then this instrument is declared reliable and can be used as a data collection tool.
Conclusions. The development of basic motion test instruments produce instruments that can measure and evaluate
the basic movement skills of children aged 4-6 years which include three components, namely, locomotor, non-

locomotor, and manipulative.

Keywords: physical activity, motor skills, test instrument, children.

Introduction

The basis of the development of motion becomes the
foundation for each individual to understand the scope of
motion, namely related to the understanding of the devel-
opment of motion, the principles of motion development,
and the purpose and function of the development of mo-
tion. Some literature recommends that physical education
programs should provide intensive guidance on the basic
movement skills needed to support various physical activities
(O’Brien et al., 2016). Motion skills are closely related to mo-

© Komaini, A., Kiram, Y., Rifki, M.S., Handayani, S.G.,
Ayubi, N., & Putra, R.Y., 2022.
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tor development. Motor development discusses changes in
movement behavior over time, including all behaviors during
life, where the underlying processes of the changes we see, and
the factors that affect motor behavior (Haywood et al., 2012).
In humans, the development of motion is a change from the
ability of motion in infants to adults involving various aspects
of behavior and ability to move, aspects of behavior and devel-
opment of motion affect each other. The development of basic
motion or motor skills in children is shaped and influenced
by their environment (Zhang & Cheung, 2019). One of the
developments of motor skills in children is eruptions at dif-
ferent levels, some children can be enriched, but others are
not ready, some can route, while others are not visually ready.

The importance of motor skills as the main basis for
improving special motor skills, especially in general sports
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(Komaini et., al 2022). However, to date, research on the
relationship between basic and specialized motor skills in
movement has been very rarely reported (Kokstejn & Mu-
salek, 2019). The effectiveness of movement is often over-
looked because it is a natural part of human life. However,
it is essential for children’s physical, cognitive, and social
development. In addition, experience strongly supports the
learning and development of fundamental movement sKkills.
The foundation of these skills is laid in childhood which is
important to encourage lifestyle active behavior (Bouftard,
2016).

Basic motor skills are divided into three categories,
namely locomotor, non-locomotor, and manipulative. Non-
locomotor abilities are performed on the spot, without an
adequate range of motion. Non-locomotor abilities such as
stretching, bending, lifting, pulling, folding, twisting, drag-
ging, coiling, soaring, and others. The locomotor ability is
used to move an object from one place to another. in addi-
tion to locomotor abilities such as jumping, walking, and
running. Meanwhile, manipulative abilities are developed
when children master various objects. Manipulative abilities
involve more hands and feet, but other parts of our body
can also be used. Object manipulation is far superior to the
coordination of the ankles and eyes of the hand, where this
coordination is important enough for the process of walk-
ing in the motion space, the forms of manipulative abilities
consist of, the movement of pushing (throwing and hitting,
kicking), the movement of receiving (capturing) objects is an
important ability taught by using plastic balls made of rub-
ber pads (medical balls) or plastic balls with bouncing and
dribbling movements. Movement actions such as catching,
kicking, and running appear to have a stronger relationship
with children’s functional abilities (Capio et al., 2011). Low
competence in fundamental motor skills is associated with
lower levels of cardiorespiratory fitness and physical activity
in children and adolescents. Characteristics of students who
have competence in movement skills differ in gender and
skills (Hardy et al., 2012). One study reported that children’s
movement and object control skills were not correlated with
their BMI levels. In addition, most of the correlation coef-
ficients between BMI and locomotor skills, as well as the
correlation between BMI and object control skills were not
significant (Kim & Lee, 2016).

Movement skills are fundamental as a term related to
physical activity (Basman, 2019). Fundamental motor skills
are defined as a series of organized basic movements involv-
ing a combination of movement patterns from two or more
segments of the body (Hardy et al., 2012). The development
of children’s fundamental motor skills is shaped by the sur-
rounding environment (Cheung & Zhang, 2020). Recent
evidence reports that children have the developmental po-
tential to master most of the fundamental motor skills by the
age of 6 years during physical education, physical activity,
and sports (O’Brien et al., 2016). However, 61% of teach-
ers indicated they were aware of their current limitations
and thus requested professional development opportunities
related to early childhood physical activity (Sevimli-Celik
& Johnson, 2013). Adequate development of fundamental
motor skills in children can result in participation in more
varied physical activities (Gu, 2016). Schools that include
learning experiences of fundamental motor skills that are in
line with developments delivered by highly trained physical

education teachers significantly increase the fundamental
skills of motor skills in adolescents (Morgan et al., 2013).
Children who don't learn fundamental motor skills are more
likely to become unskilled adults who don’t innovate much
(Johnson et al., 2019). Children who move very rarely are
at risk for developmental disorders in the cognitive, motor,
linguistic, behavioral, and social domains. In addition, sev-
eral environmental factors are known to be the main triggers
(Miirner-Lavanchy and Anderson, 2018). Low competence
in fundamental motor skills is associated with lower levels
of cardiorespiratory fitness and physical activity in children
and adolescents (Hardy et al., 2012). The results found that
girls had higher levels of motor skills compared to boys of
the same age (Nikoli¢ et al., 2016). In addition, inaccurate
perceptions of motor competence can jeopardize children’s
involvement in physical activity (Almeida et al., 2017).

The measuring instrument for the test of movement
skills is considered indispensable to determine the motor
development of children. Several measuring tools to mea-
sure the development of human movement such as (1) Motor
test fiir vier bis sechsjahrige Kinder (MOT 4-6) which is a
coordination assessment tool for preschool children recom-
mended for educational research purposes due to a certain
age range. To assess children at the age of 4 years to 6 years
11 months. This test kit comes from Germany and has been
developed to contribute to the measurement of fundamental
motor skills development. In addition, this tool opens up
opportunities for early detection of delays or deficiencies in
fundamental motor skills (Bouffard, 2016). Furthermore,
the measurement of movement skills for children using the
movement-ABC test is a revision of the Motor Test Drop
derived from the Oseretsky scale for children’s motor capac-
ity. This tool is suitable for children aged 4 to 12 years and is
very useful in exploring problems of functional integration
of motor control or problems that often first arise in the
late early preschool and elementary school years (Hu et al.,
2021). Furthermore, Peabody Developmental Motor Scales-
Second Edition (PDMS-2) is a motor skills assessment tool
that measures gross and fine motor skills. This tool focuses
on assessing children with disabilities and also determines
the balanced development of fine and gross motor move-
ment skills, identifies skill deficits, and evaluates progress.
Furthermore, the Deutsche Motoric Test (DMT) is to objec-
tively assess quantitative aspects of movement skill patterns
in addition to the performance of qualitative movement skills
such as flexibility, balance, and strength (Gruber et al., 2020).
Assessment of basic motor skills remains an important tool
in classifying a person’s level of basic motor skill proficiency.
Fundamental motor skills performance collection for assess-
ment and monitoring has remained unchanged over the past
few years (Ward et al., 2017). The test distinguishes between
children with normal motor behavior and without normal
motor behavior. Each measuring instrument has a certain
classification or function because each measuring instru-
ment is not suitable for every age, it is necessary to under-
stand the appropriate measuring instrument used so that the
measuring instrument used is valid or appropriate.

Instrument Development is very important to do. Re-
search is needed to examine the efficacy of such techniques
in real-world settings, which could change our perspective
on the potential of technology to enable children’s physical
motion activity and fundamental motor skills (Barnett et
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al., 2013). The test has important implications for imple-
menting freely available, manageable, fun, interventional,
and interactive motion learning to help children improve
their manual dexterity skills (McGlashan et al., 2017). It also
developed measuring instruments such as PERF-FIT that
can measure fitness related to motor skills in children aged 5
to 12 years in a variety of settings and help doctors monitor
the level of basic motor skills (throwing, bounce, catching,
jumping , and balancing) (Smits-Engelsman et al., 2021).
But for some of the tools that have been described definitely
require adequate technology. In order to answer a challenge
in the development of tests that are felt to make it easier
for parents or teachers to know the child’s motor skills, it is
necessary to develop senior test equipment. In addition to
being a test, the instrument can also be used as one of the
learning media. To achieve this, a greater understanding of
the process of assessing human movement skills is required
(Ward et al., 2017).

Materials and methods

Study Design

This study used a Research and Development (R&D)
approach. The research procedure is: (1) the first stage is a
preliminary study in the form of potential problems, data
collection, and analysis of needs, (2) the second stage is the
planning of instrument development, and (3) the third stage
is trials, expert evaluation, and product revision, and (4) the
fourth stage is the implementation of the model.

Participants

A total of 155 children aged 4-6 years participated in
this study.

Statistical Analysis

Statistical analysis used is the product-moment correla-
tion for validity test and Cronbach alpha for reliability test.
Data were analyzed using the SPSS application.

Table 1. Development of Basic Motion Skills Instrument Grid

Results

Product Description

Basic Motion is a skill that involves large muscles, and
muscle strength involving arms and legs that are used to
achieve an exercise or movement goal. The muscles that play
arole include arm muscles, limb muscles, shoulder muscles,
back muscles, and abdominal muscles. Basic moves are per-
formed in the form of walking, tiptoeing, jumping, running,
rolling, catching, throwing, twisting, kicking, and bouncing
the ball. The instrument developed includes three compo-
nents: 1) Locomotor movement consists of a) Running, step-
ping quickly, until there is a movement where both legs float
briefly in the air, b) Gallop - performing horse steps quickly,
¢) Hops - jumping within the minimum distance on each
foot, d) Leap - carrying out related skills by jumping over
objects with one foot, e) Horizontal jump - performing hori-
zontal jumps from standing positions forward as far as pos-
sible, f) Slide - sideways movement on a straight line from
one point to another, 2) Non-locomotor movement consists
of a) jumping in a place with two legs, b) jumping in a place
with one leg, three times in a row, c) standing with one leg
for 10 seconds, d ) movement resembling an airplane, e) and
climbing stairs in turn, and 3) Manipulative movements in-
clude: a) throw the ball with one hand, b) catch the ball with
two hands, c) kick the ball, d) roll the ball, e) bounce the ball.

The Basic Movement Skills Test instrument grid includes
3 (three) components, namely Locomotor, Non-locomotor,
and Manipulative (see Table 1). The results of the develop-
ment of basic movement skills test instruments (see Table 2).

Expert Improvement Advice Data

The next step is to seek opinions and advice from ex-
perts. Experts’ opinions and suggestions are used to improve
the quality of products made. The following opinions and
suggestions from experts on the draft motor learning model
for early childhood (see Table 3).

Based on expert input, the basic motion instrument
development model underwent several improvements. Im-
provements were made to the instructions for implementing

Variable Sub variable Indicator Sub Indicator Test Items
Early Locomotor 1. Run 1. Running Straight 1,2,3,4,5
Childhood 2. Gallop 2. Horse Run
Basic Motion 3. Walk 3. Jinjit walk

4. Hop 4. Jump forward with two legs
5. Leap 5. Jumping in different directions
Non-Locomotor 1. Skip 1. Jump in place with two feet 6,7,8,9,10
2. Balance 2. Jump in place with one foot
3. Movement 3. Stand on one leg
4. Coordination 4. Move like an airplane
5. Go up and down stairs
Manipulative 1. Hand Gestures 1. Throw the ball with one hand 11,12, 13, 14, 15
2. Foot movement 2. Catch the ball with one hand
3. Kick the ball with one foot
4. Rolling the ball with one hand
5. Bounce the ball
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Table 2. Basic Motion Skills test instruments

MOTOR SKILLS TEST FUNDAMENTAL FORM

Note: this form is used to perform basic motion skills tests for Early Childhood

Test Dates:

Name: Date of birth:

Gender: School/Kindergarten Origin:
Address: Parent Name:
Anthropometry

Weight

Height

Arm Circumference

Head Circumference

I. LOCOMOTOR COMPONENTS Bs Bdb Tb
1 Running back and forth on a 10-meter straight line
2 Horse Run (Gallop) back and forth Bali On a straight line for 10 meters
3 Walk back and forth with the tips of the toes for 5 meters
4 Jumping forward with two legs 5 times
5 Jump to the left and right sides and back and land on two legs simultaneously
twice
II. NON-LOCOMOTOR COMPONENTS Bs Bdb Tb
6 Stand on one leg with eyes closed for 10 seconds
7 The attitude resembles an airplane that is one of the legs raised, both hands
stretched out and then
slowly wrapped around the body for 5 seconds
8 Rotate half the body where the position of both legs remains, and the limbs
from the waist to the head are directed to the left and right sides alternately
9 Bend the body to duck and squat
10 Rotate the Body by changing the position of the legs to change the position
of the body facing in different directions.
III. MANIPULATIVE COMPONENTS Bs Bdb Tb
11 Throw the ball with one hand
12 Catch the ball with two hands
13 Kicking a Ball with one foot
14 Rolling the ball with one hand
15 Bounce the ball with one hand

Table 3. Expert advice and input

Number Material Experts Feedback on Learning Models

1. The instructions for the implementation of the test need to be clarified.

1 Expert 1 . .
2. Explanation of the test item
1. Instruments need to be clarified.

2 Expert 2 2. Balance of test items between components, namely locomotor, non-locomotor, and

manipulative

1. Research criteria must be made

3 Expert 3

2. Terms must be given a description

496



Komaini, A., Kiram, Y., Rifki, M.S., Handayani, S.G., Ayubi, N., & Putra, R.Y. (2022). Development of Basic Movement Skills Test
Instruments for Early Childhood

activities, instruments, and objectives. The next step after the
repair is product trial.

Product Test Results
Validity

Based on the validity test, of the 15 basic movement
skills research test instruments tested, 15 items were ob-
tained whose r-count > 0.133 and were declared valid to be
used in research data collection.

Reliability

Calculation of reliability of regulatory variable instru-
ments using Cronbach alpha formulas by comparing the
calculated r-value with the r table. The criteria if the value
of r count > r table, then the instrument is declared reliable.
The results obtained at the calculated r-value = 0.676 and the
r table value is 0.133, so the calculated r-value > r table, so
this instrument is declared reliable and can be used as a tool
to collect data.

Discussion

This research produces a product in the form of a ba-
sic movement skill test instrument. This product is recom-
mended to be used to measure basic movement skills aged
4-6 years. If children are to live physically active lives, we
need to help them acquire the motor skills that enable them
to participate in a variety of physical activities. In addition,
monitoring the level of development of basic movement
skills needs more attention. Previous research reported that
children given physical education showed higher standard
motor skill scores than children given recreation (Lemos
et al., 2012). These results explain that regular, structured
physical education improves motor skills in early childhood.

There are several things needed to increase the physi-
cal activity of preschoolers: (1) improving teacher knowl-
edge through both service training and in-service training,
(2) creating classrooms, schools, and playrooms that allow
children to move and play safely, and (3) developing teacher
self-efficacy through health-related fitness activities, (4) en-
couraging parental involvement by educating parents about
their role in physical-child behavior, and (5) collaborated and
work with colleagues in other departments to share ideas,
resources, and methods in terms of the implementation of
physical activity in early years children (Tandon et al., 2015).

This test instrument has gone through a trial phase to
calculate its validity and reliability level. Validity in research
is something that shows accuracy or truth (Rifki et al., 2022).
A valid instrument has high validity (Nurhasanah et al.,
2022). Otherwise, an instrument that is less valid means it
has low validity. The validity of content is the rate at which a
test measures the scope of the intended content. The validity
of the item point to the question of whether the test items
represent the size of the scope of the desired content, and the
validity of the sampling point at how well the test represents
the entire scope of the overall content (Smits-Engelsman et
al., 2021). It has been explained the importance of reliabil-
ity and validity through a test. As for testing item validity
(construct validity), expert opinion can be used. In this case,
after the instrument has been constructed, the aspects to be

measured are based on certain theories, then the experts are
consulted. After the construction testing from experts and
based on empirical experience in the field was completed, it
was continued with instrument testing.

Based on the results of the study is known to have high
reliability enough to be used as an instrument test in the mo-
toric assessment of children. High reliability demonstrates
consistency in such measurements (Smits-Engelsman et al.,
2021). In addition to being an instrument for motor tests, it
can also be used as a learning tool to continuously train and
improve children’s motors.

Conclusions

The development of basic motion test instruments pro-
duce instruments that can measure and evaluate the basic
movement skills of children aged 4-6 years which include
three components, namely, locomotor, non-locomotor, and
manipulative.
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Abstract

The purpose of the study was to develop and experimentally justify the effectiveness of the algorithm for building
individual training programs for highly qualified multi-sport athletes at the stage of direct preparation for the main
competitions of the winter season.

Materials and methods. Five highly qualified multi-sport athletes, whose sports qualification is the Master of Sports
of Ukraine, took part in the pedagogical experiment. The mean age of the participants was (M+SD) 25.2+1.79 years.
The main goal of the formative stage of the experiment (2020-2021) was to develop programs for the structural

units of the training process (training classes, microcycles, mesocycles, and the stage of direct preparation for the
main competitions) based on the developed algorithm for building individual programs. We have developed six
consecutive steps for the purpose of achieving full preparation of athletes for major competitions.

Results. The implementation of an individual program at the stage of direct preparation for winter season
competitions is effective and enables qualified multi-sport athletes to reach the peak of their sports form during
participation in the competitions of the Ukrainian indoor heptathlon championship. This is evidenced by the
achieved statistically significant differences (p<0.05) in all indicators of physical and functional fitness compared to
the ascertainment stage of the experiment. The increase in indicators was 2.8-4.4% in the running tests, 4.0-4.2% in
the tests reflecting speed and strength abilities, 6.6 % in the strength control exercise. We note a statistically significant
(p<0.05) positive increase during the formative stage in the indicators of physical performance of multi-sport athletes
within the range of 5.8-6.0 % and in the indicators of aerobic productivity within the range of 4.4-4.5%.

Conclusions. The use of the algorithm for building an individual program of preparation for competitions of highly
qualified multi-sport athletes orients the coach and athlete towards achieving the desired sports result in the shortest
way with economical and rational use of training equipment at the most difficult and responsible stage of direct
preparation for the main competitions. Compliance with the stated provisions of the algorithm made it possible to
rationally plan and choose the best option for building the training process.

Keywords: combined events, multi-sport athletes, training process, programming, stage of direct preparation, algorithm.

Introduction of competitions, continuous development, financial and rat-
ing incentives. In this regard, the search for actual approach-
es to improving the system of training athletes in order to
increase the effectiveness of the training process and achieve

- , high competitive results constitutes a primary task (Guthrie,
©  Adamchuk, V,, Shchepotina, N., Kostiukevych, V., Shynkaruk, O, 503 ; Platonov, 2006; Ganse & Degens, 2021).

Mitova, O., Didyk, T., Dmytrenko, S., & Kulchytska, L., 2022.

* Croprre

Modern trends in the development of combined events
are primarily characterized by a significant variety and scale

To date, domestic decathletes have not yet come close
to the high positions of the world ranking, as evidenced by
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the existing records of Ukraine in certain types of combined
events. Over the last decade, only one decathlete, Oleksii
Kasianov, represented the Ukrainian team at the European,
World and Olympic Games. Other leading multiathletes
managed to reach during this time only the level of Master
of sports of Ukraine. Therefore, the situation that has devel-
oped recently in Ukrainian combined events is characterized
by an obvious contradiction between the desire of coaches
and athletes to find new technologies for building the train-
ing process and the insufficient scientific base and outdated
methodological provisions of athletic combined events (Bo-
brovnik, 2014; Kutek & Akhmetov, 2018; Platonov, 2020).

The domestic practice of training highly qualified track
and field athletes, compared to the international practice
(Thompson, 2009) has a number of organizational and tech-
nological inconsistencies. In particular, this refers to the in-
sufficient observance in the preparatory period of the prin-
ciples of overload, reversibility and specificity in the training
process in order for the purpose of improving sports results
(Bompa, Haff, 2009; DeWeese et al., 2015; Kutek et al., 2018),
the lack of orientation of athletes towards the adequate use of
mechanisms of energy provision of training loads (Wilmore
et al., 2012; Liang, Xiao, 2014; Santos et al., 2021), lack of
adequate control of adaptive mechanisms for the develop-
ment of physical performance of athletes in the prevention
of overfatigue, overtraining and sports injuries (Zemper,
2005; Meron & Saint-Phard, 2017), focusing on the iden-
tification and priority development of individual successful
competitive disciplines (Kenny et al., 2005; Bili¢ & Bali¢,
2015; Pavlovi¢ & Idrizovié, 2017).

Analysis of the available literature indicates the pros-
pects of using an individual approach in the training pro-
cess of highly qualified athletes. In particular, Kozina et al.
(2015) presented the concept of individualization based on
the definition of the leading factors in the individual struc-
ture of preparedness and individual dynamics of competitive
activity, on the basis of which appropriate technologies for
increasing the focus of the training process were individually
implemented. In their work, Kozlova et al. (2020) analysed
and compared individual anthropometric characteristics
and biomechanical indicators of long jump technique by
athletes from Ukraine and China. As for athletics combined
events, the research by Dobrynska (2015) substantiates the
modelling of competitive activity as a basis for individual-
izing the construction of multi-year training of women in
heptathlon.

Taking into account the fact that combined events is
technically the most difficult and physically demanding
athletics discipline, as well as taking into account the lim-
ited number of thorough national studies of the problem
of individualizing the training process of multiathletes at
the stage of direct preparation for competitions, there is a
natural need to develop an algorithm for building individual
training programs for highly qualified multiathletes.

Research hypothesis: it was assumed that the devel-
opment of an algorithm for building individual training
programs for highly qualified multiathletes for the main
competitions will allow to systematically and purposefully
influence the adaptive resources of athletes to obtain delayed
training effects and high sports results.

The purpose of the study was to develop and experimen-
tally justify the effectiveness of the algorithm for building in-

dividual training programs for highly qualified multiathletes
at the stage of direct preparation for the main competitions
of the winter season.

Material and methodology

Participants

5 highly qualified multiathletes, whose sports qualifi-
cation is the Master of Sports of Ukraine, took part in the
pedagogical experiment. The mean age of the participants
was (M+SD) 25.2%1.79 years. The study was approved by the
ethics committee of Vinnytsia Mykhailo Kotsiubynskyi State
Pedagogical University, and all procedures were in accor-
dance with the Declaration of Helsinki. Informed consent
for participation in the experiment was obtained from the
participants.

Research organization

The study was conducted from 2019 to 2021. The scheme
of a sequential pedagogical experiment was used.

During the ascertainment stage of the experiment
(2019-2020), pedagogical observation of the training pro-
cess was carried out in combination with timing of train-
ing work. This made it possible to determine the volume of
training loads and their distribution for different types of
training of multiathletes (Adamchuk et al., 2021).

The main goal of the formative stage of the experiment
(2020-2021) was to develop programs for the structural
units of the training process (training classes, microcycles,
mesocycles, the stage of direct preparation for the main
competitions) based on the developed algorithm for build-
ing individual programs. The basis of the development of the
algorithm of the individual program is based on the analysis
of data from the literature, own long-term experience of
direct participation in training and competition activities
in athletics combined events, the results of the ascertain-
ment stage of the experiment regarding the peculiarities of
the athletes’ response to the groups of training tools used
and their combination and influence on the energy supply
systems of the training process. Thus, we have developed six
consecutive steps for the purpose of achieving full prepara-
tion of athletes for major competitions (Fig. 1).

Step 1

Creation of a training equipment fund

Identification of dominant components of
special physical fitness

Creation of individual complexes of
training tools

Identification of successful types in combined
events based on the results of previous competitions

Selection of the main physical exercises at the
stage of direct preparation for the competition

Evaluation of athletes' readiness for physical
exertion

NN

Fig. 1. Algorithm for building an individual training
program for competitions of highly qualified multiathletes in
combined events
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TRAINING EQUIPMENT
FOR ATHLETES

N\

Groups of special technical
training exercises (TP -
technical preparation)

Groups of special physical
training exercises

Groups of general technical and
physical training exercises
GPT — (general physical and
technical preparation)

\'4

TP-1 — (hurdles)
TP-2 — (high jump)
TP-3 — (long jump)
TP-4 — (pole vault)
TP-5 — (shot put)
TP-6 — (discus)

TP-7 — (javelin throw)

P — (power training)

S — (speed training)

SP — (speed and
strength training)

E — (general endurance)
S-1 — (speed endurance)

Fig. 2. Classification of means of training work in athletics combined events

Step 1. The selection of physical exercises was deter-
mined by the specifics of athletics combined events disci-
plines and previous experience in their use. The unequal
response of different athletes to the same physical loads
(Drozdovska, 2013), as well as the existence of individual
growth limits of adaptation to certain physical loads were
also taken into account. As this limit is approached in the
process of training, the rate of increase in function slows
down and stops at a certain amount of load. Any further
continuation of training causes a disruption of adaptation,
that is, the development of a state of overtraining. Therefore,
in the developed algorithm, the requirement of creating in-
dividual training funds based on a overall, long-term and
comprehensive assessment of the impact of special physical
exercises on the athlete’s body is met.

When forming the classification of training tools of
qualified multiathletes, the division of physical exercises into
groups of special training, which is used in foreign practice
(Guthrie, 2003; Thompson, 2009) was used (Fig. 2).

Step 2. It is known that for highly qualified athletes in
the period of preparation for the competition, the main at-
tention should be focused on increasing performance in the
sports to which the athlete has a pronounced tendency to
develop. But on the way to achieving this goal, uneven devel-
opment of special physical qualities is often observed in such
athletes during the standard training process. Discrepancies
in the variability of the used means of different predominant
orientations within a specific athletics discipline revealed by
specialists determine the distribution of athletes according
to the type of group models of competitive activity: the first
type of athletes includes multiathletes who are mainly able
to achieve high results in athletics throws and who possess
a high level of strength and speed-strength capabilities; the
second type includes athletes who achieved high results in
the running types of the program and have high speed or
endurance; the third type is characterized by achieving high
results in athletics jumps, possessing high capabilities of the

alactic and lactic energy supply system as well as a high level
of speed and strength qualities (Dobrynska, 2015).

In our study, only the second and third types of mutiath-
letes were found. The obtained data were used for planning
the content and ratio of training tools at the stage of direct
preparation for the main competitions of the winter season.
The results of the previous macrocycle tests were used to
determine the individual dominance of the components of
the athletes” special physical fitness.

Step 3. On the basis of selected types of competitive ac-
tivity and dominant components of special physical fitness,
individual sets of training tools are created for the stage of
direct preparation for the competition. During the formation
of individual programs, the logical sequence of performing
exercises of different orientations was necessarily taken into
account, and namely: special endurance exercises were per-
formed after speed exercises, general endurance exercises were
performed after speed-strength exercises, special endurance
exercises were performed after general endurance exercises
and strength exercises were performed after speed exercises.
Training exercises were combined into groups by taking into
account the energy systems of muscle activity, effects on basic
physical qualities, improvement of technical skills in individ-
ual types of multiathetes, competitive disciplines in general.

Taking into account that the stage of direct preparation
for the competitions of the winter season of multiathetes
consisted of two mesocycles — a control-preparatory one
(included a 7-day introductive microcycle, 7-day impact
microcycle, 7-day recovery microcycle and 3-day impact
microcycle) and a pre-competition one (included a 4-day
restorative microcycle, 3-day impact microcycle, 4-day re-
storative microcycle); in tab. 1, we give an example of a ra-
tional combination of groups of special exercises in the pre-
competitive mesocycle.

Step 4. For optimal individual training of track and field
athletes, it is recommended to focus mainly on the devel-
opment of successful disciplines, while maintaining at the
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Table 1. Variants of a rational combination of groups of special physical exercises in training sessions of the pre-

competition mesocycle

Options for combination

Directions of influences

of physical exercises Energy systems Basic physical qualities Technical skills Competitive disciplines
S Alactic Speed,speed and strength Sprint, putting, jumping 100 m, shot put, high jump
TP-5 Alactic quality
TP -2 Alactic
TP -1 Alactic Speed, speed and strength Hurdles, jumping 110 m hurdles, pole vault
TP -4 Alactic qualities, coordination
Sp Alactic
TP-3 Alactic Speed and strength qualities, Jumping, running Long jump, 400 m
S-1 Lactic speed endurance
TP-3 Lactic Speed and strength qualities, Jumping, throwing 110 m hurdles,
TP 6/7 Alactic power qualities javelin throw or discus
P Alactic throw
TP 6/7 Alactic Aerobic Speed and strength qualities, Throwing, running Javelin throw or discus
E general endurance throw, 1500 m

Notes: TP - special technical preparation: TP-1 - hurdles; TP-2 - high jump; TP-3 - long jump; TP-4 - pole vault; TP-5 - shot put;
TP-6 — discus; TP-7 - javelin throw; P — power training; S - speed training; SP - speed and strength training, E — general endur-

ance; S-1 - speed endurance

Table 2. Program of the 7-day impact microcycle of the control-preparatory mesocycle

Days of the microcycle

Types Of training 1st 2nd 3rd 4th sth 6th 7th
General physical GPT 1.1(a) - 25* GPT 1.1(a) - 25* GPT 1.1(a) - 25* - GPT 1.1(a) - 25* GPT 1.1(a) - 25* -
training (GPT)

Special physical S-1.4(b) -20'° P 1.4(a)-15* S-1-1.7 - 154 - SP-1.2 - 10° P1.2-§ -
preparation P 1.5(a) -15° SP-1.3 - 10° P1.4(a) - 8
(P, S, S-1, SR E)
Technical preparation TP-3.3(a) - 157 TP-4.3(a)-40” TP-2.3-15’ - TP-1.14 - 30  S-1.1(a) - 257 -
(TP) TP-3.7-15  SP-1.5-25°  TP-6.1-20° TP-7.1(b) - 10*  S-1.6(a) - 15°
TP-5.1(b) - 5° TP-6.2- 22° TP-7.2(b) - 15°
TP-5.2(b) - 25°
Competitions - - - - - - -
> of the training work, 105 120 97 - 100 81 -
min
VLC*, points 730 765 647 - 635 507 -
ICtI**, points/min 6.95 6.38 6.67 - 6.35 6.25 -

Notes: * VLC - value load coefficient was calculated as a result of multiplication of the duration of the exercise by its intensity in points
depending on the heart rate (Kostiukevich, Shchepotina, Shynkaruk et al., 2020): intensity of exercise with the heart rate 114 bpm
was evaluated in 1 point; 120 bpm - 2 points; 126 bpm - 3 points; 132 bpm - 4 points; 138 bpm - 5 points; 144 bpm - 6 points;

150 bpm - 7 points; 156 bpm - 8 points; 162 bpm - 10 points; 168 bpm - 12 points; 174 bpm - 14 points; 180 bpm - 17 points; 186
bpm - 21 points; 192 bpm - 25 points; 198 bpm - 33 points; ** ICtl - intensity coeflicient of training load was determined as a ratio
between CVL and the duration of a training session in minutes (Adamchuk et al, 2021); record of the exercise TP-3.7 - 1510: TP-
3.7 - code of the training exercise; 1510 — duration of exercise in minutes (15) and intensity of exercise in points depending on the
heart rate (10); GPT - general physical training; P — power training; S —speed training; SP - speed and strength training, E — general
endurance; TP - special technical preparation: TP-1 - hurdles; TP-2 - high jump; TP-3 - long jump; TP-4 - pole vault; TP-5 - shot

put; TP-6 — discus; TP-7 - javelin throw; S-1 - speed endurance

achieved level the disciplines lagging behind in the results
shown (Dobrynska, 2015). Individual successful combined
events disciplines are identified on the basis of the analysis
of the results of repeated responsible competitions. We anal-
ysed the competitive activity of a group of multiathletes and
identified successful disciplines for each of them based on
the results of competitions at different levels.

Step 5. In order to achieve the highest sports result in the
algorithm, it is determined to be expedient during the stage
of direct preparation for the main competitions of the season
to concentrate efforts on increasing adaptation only to the
most successful individual competitive disciplines and dom-
inant components of special physical and technical training
using the minimum number of basic physical exercises in
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the main part training class. This is motivated by preventing
the dissipation of energy expenditure on the simultaneous
development of adaptation to several competitive disciplines
in one session. A sample of a microcycle program with an
accented effect on leading physical qualities (speed-strength
quality) is presented in the table 2.

Step 6. The experience of training multiathletes in track-
and-field at the current stage shows that an indispensable
condition for achieving the highest results in responsible
competitions is the performance of training and competitive
loads at the level of the maximum physical capabilities of the
body, which in sports of higher achievements is defined as
training in the overload mode. In practice, this means that
during intensive training, the athlete makes maximum use
of hidden energy resources which is demonstrated by the
increase in fatigue. Therefore, when determining the func-
tional state of athletes after completing a certain stage of
training according to an individual program based on the
developed algorithm, an assessment of their physical state
is necessary.

Experimental substantiation of the effectiveness of the
developed algorithm was carried out with the help of peda-
gogical testing using the following test exercises (Adamchuk
et al., 2021; Kostiukevych, Lazarenko, Shchepotina et al.,
2021):

o 30 m sprint (assessment of speed abilities): starting

10-15 m run and then running over a distance of 30
m with time taken into account; the best result from
two attempts was taken into account, the rest interval
was 3-5 min;

o running for 200 m and 200 m after 1 min of rest (speed
endurance assessment): overcoming two segments of
the distance of 200 m with a rest interval of 1 min;
the total time of overcoming two sections was deter-
mined; the test was performed once;

o triple long jump from a standing position (assessment
of speed and strength qualities): alternately pushing
off with one leg and the other from the starting line,
3 consecutive jumps were performed, the last of
which was into the pit for landing; the total length
from the starting line to the landing place was mea-
sured; the best result from three attempts was taken
into account;

o throwing a shot with two hands from below (assess-
ment of speed and strength qualities): from the start-
ing position, standing facing the direction of throw-
ing, holding the ball with two hands from below, feet
at shoulder width apart with the front part of the foot
on the segment; throwing the core was performed
from below-forward; the best result from three at-
tempts was taken into account;

o squatting with a barbell on the shoulders (assessment
of strength qualities): squatting and standing up to the
starting position with the maximum weight for each
athlete; 1 attempt was given;

o the running version of the PWC,,y, test (estimation
of physical capacity and aerobic productivity of the
body): according to the method for conducting a
run-based variant of the test PWC,,yy, the athletes
performed two 5-minute run loads by overcoming
the distances of 700-900 and 1100-1300 m accord-
ingly, with their heart rate being recorded at the end

of the first and second load (the period of rest be-
tween run loads made 5 minutes). PWC, v, was de-
termined using the formula:

170-
PWC170(V) =N +(Vz _V1) fl > 1)

fz _fl

whereas: V, and V, represent run speed during the
first and second run loads (determined as a ratio be-
tween the distance length and the time for overcom-
ing the distance), m/s;
fi and f; represent heart rate immediately after the
first and second run load, bpm.
The following formula was used to convert PWC,
in m/s into PWC,;, in kgm/min:
PWC170=417-PWC7ov)-83, )
Absolute index of maximum oxygen consump-
tion (VO,max, ml/min) was determined using the
formula:
VO,max=1,7-PWC,,,+1240, (3)
Relative index of maximum oxygen consumption
(VO,max(rel), ml/min/kg) was determined as a ratio of an
absolute index to the body mass of the studied athletes.
Pedagogical testing of athletes was carried out at the be-
ginning and at the end of the stage of direct preparation for
competitions in the process of performing the main training
work.

Statistical analysis

Mathematical processing of the results was carried out
using the “Data Analysis” package of the MS Office Excel
computer program (Albertetal., 2017; Byshevetsetal..,2019;
Kostiukevych, Lazarenko, Vozniuk et al., 2020). Descriptive
statistics were used, which included the determination of the
arithmetic mean (M) and the mean square deviation (SD).
Statistical reliability in the difference between the results of
pedagogical testing of multiathletes at the beginning and at
the end of the ascertaining and formative stages of the peda-
gogical experiment was determined by the non-parametric
Wilcoxon T-test. Differences between groups were consid-
ered statistically significant at p<0.05.

Results

In order to objectively evaluate the advantages of the
used algorithm for building individual training programs for
highly qualified multiathletes at the stage of direct prepara-
tion for competitions, a comparative analysis of the indica-
tors of physical and functional fitness of athletes was carried
out in a formative experiment (table 3).

The autumn-winter period of preparation for the com-
petition had a slightly shorter duration than the spring-sum-
mer period, but despite this, we obtained positive changes in
the indicators of physical and functional readiness, which
appeared to be greater than those determined at the ascer-
tainment stage of the experiment.

The analysis of the obtained data allows us to note that
there were positive changes in all indicators of physical fit-
ness, but at the stage of the formative experiment they were
more significant when compared to the stage of the ascer-
taining experiment. As we can see, the increase in results
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Table 3. Indicators of physical and functional preparedness of multiathletes at the stage of direct preparation for winter

season competitions at different stages of the experiment

Indicators of physical and Research Output data Final data Changes (AM)
functional fitness phase M SD M SD Absolute % P

AE 3.05 0.17 2.96 0.09 0.09 2.9 0 <0.05
Running for 30 m on the move, s

FE 2.98 0.07 2.85 0.08 0.13 4.4 0 <0.05
Running 200 m and 200 m after AE 49.95 115 49.89 .00 0.06 01 2  >005
1 min of rest, s FE 49.70 0.64 4833 0.52 1.37 28 0 <005

AE 8.88 0.54 8.98 0.46 0.10 1.1 1 >0.05
Triple jump from a place, m

FE 8.89 0.18 9.25 0.27 0.36 4.0 0 <0.05
Throwing a shot with two hands from AE 15.05 052  15.72 044  0.67 45 0  <0.05
below, m FE 15.54 034  16.20 0.79 0.66 42 0  <0.05

AE 134.0 6.4 135.0 4.3 1.00 0.7 4 >0.05
Squatting with barbell, kg

FE 136.0 25.7 145.0 12.9 9.00 6.6 0 <0.05

AE 4.65 0.71 4.76 0.64 0.11 2,3 1 >0.05
PWC17O(V), m/s

FE 4.79 0.59 5.07 0.54 0.28 5.8 0 <0.05

AE 1856.6 293.5 1902.9 269.6 46.3 2.4 1 >0.05
PWC,, kgm/min

FE 1914.5 2459 2030.0 2254 115.5 6.0 0 <0.05

AE 4396.2 498.9 44749 458.3 78.7 1.8 1 >0.05
VO,max, ml/min

FE 4494.6 418.0 4691.0 383.1 196.4 4.4 0 <0.05

AE 52.8 7.5 53.7 8.0 0.9 1.7 1 >0.05
VO,max (rel) , ml/min/kg

FE 53.8 53 56.2 49 2.4 4.5 0 <0.05

Notes: PWC,y, is a running version of the test; PWC,, is an indicator of physical working capacity; VO,max is an absolute indicator
of maximum oxygen consumption; VO,max(rel) is a relative indicator of maximum oxygen consumption; AE is an ascertainment
experiment; FE is a formative experiment; AE - ascertaining experiment; FE - forming experiment

at the stage of the ascertainment experiment ranges from
0.1-4.5% without significant changes (p>0.05) in such tests
as running 200 m and 200 m after 1 min of rest, triple jump
from a standing position and barbell squats. At the same
time, at the stage of the formative experiment, the final indi-
cators, in comparison with the initial ones, improved by 2.8-
6.6% with a significant difference (p<0.05). At the same time,
the increase in indicators in running tests was 2.8-4.4%, in
tests reflecting speed and strength abilities it was 4.0-4.2%,
in strength control exercise it was 6.6%.

Today, an idea of the functional fitness of athletes has
already been clearly formed, which is defined as a set of
those characteristics and properties of the body that directly
or indirectly determine work performance in competitions.
Achieving a high level of functional fitness is ensured by
specific adaptation to the appropriate type of sports activity.
The importance of understanding the content and control
of functional readiness is determined by the fact that the
capabilities of an athlete are the capabilities of his body. The
training process is aimed at their training and modification
which will ensure an increase in working capacity (Wilmore
et al., 2012; Karaulova et al., 2018; Shchepotina et al., 2021;
Bezmylov et al., 2022).

Indicators characterizing the functional preparedness
of multiathletes demonstrate positive dynamics both dur-
ing the ascertaining and formative stages of the experiment.
In particular, the increase in results at the ascertainment
stage ranges from 1.7 to 2.4% without significant changes

(p>0.05). We note a statistically significant (p<0.05) posi-
tive increase during the formative stage in the indicators
of physical performance of multiathletes within the range
of 5.8-6.0% and in the indicators of aerobic productivity
within the range of 4.4-4.5%. It should be taken into account
that, as scientists note, the absolute indicator of maximum
oxygen consumption VO,max is more important for athletes
who perform at short and medium distances, and the rela-
tive one is more important at long and ultra-long distances.
The reliability of the change in the results in the formative
experiment was determined by all indicators (p<0.05) which
indicates the success of using individual programs that were
developed according to the outlined algorithm in combined
events at the stage of direct preparation for competitions.

Discussion

In connection with the lack of standard training pro-
grams for multiathletes at the stage of maximum realization
of individual capabilities, experts give priority to an individ-
ual approach to building an annual training cycle for highly
qualified athletes (Platonov, 2006; Bompa & Haft, 2009).
This primarily concerns the selection and differentiated use
of training tools. But the development of this direction has
not received a comprehensive theoretical-methodical and
practical solution until recently. Competitive athletics exer-
cises that exist in multiathletes differ in structure, nature of
energy supply, duration and force of action, therefore they
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make extremely high and diverse demands on the systems of
the athlete’s body. Given the lack of generally accepted prin-
ciples of building an individual training program at the stage
of maximum realization of individual capabilities in athletics
combined events, athletes and coaches of their own choice
form individual complexes of training tools or try to borrow
training methods of European or world record holders.

Qualified multiathletes use in their training from 300
to 400 physical exercises, but the applied groups of exercises
are the individual assets of successful athletes and, as a rule,
cannot be successfully used by other athletes (Guthrie, 2003;
Bobrovnik, 2014). This was confirmed during a confirma-
tory experiment, when standard sets of physical exercises
for various types of athletics were not effective enough in
training multiathletes participating in the study (Adamchuk
et al., 2021). Thus, in the developed algorithm, unified ap-
proaches to the selection of adequate training tools are de-
fined by creating individual funds of special physical exer-
cises and individual training complexes for use at the stage
of direct preparation for important competitions.

In the studies of many authors, it is emphasized that the
most important modern problems of successful training of
multiathletes are the study of the physiological mechanisms
of adaptation of the body to intense physical exertion and
the justification of effective methods of programming and
management of the training process in relation to the assess-
ment of the functional state of athletes (Kenny et al., 2005;
Thompson, 2009; Wilmore et al., 2012). These provisions
are taken into account when developing an algorithm for
building individual programs for the stage of direct prepara-
tion for competitions and programming models for training
sessions, microcycles and mesocycles. In training sessions,
we followed the principles of overload, reversibility and
specificity as the main conditions for achieving the highest
sports results (Platonov, 2020). In the training programs, an
expedient distribution of the size and intensity of the train-
ing load was planned, depending on the individual response
of the athletes.

The developed and experimentally substantiated algo-
rithm represents a significant contribution to the scientific
work regarding the theoretical and methodological foun-
dations and features of the practical implementation of an
individual approach in the process of training highly quali-
fied athletes (Dobrynska, 2015; Kozina et al., 2015; Kozlova
et al., 2020).

The obtained results indicate a significant improve-
ment of the studied indicators of functional and physical
fitness at the stage of the formative experiment which we
associate with the balanced distribution of work and rest
in training classes, the positive influence of all qualitative
and quantitative components of training tools due to the
algorithm we developed for building individual programs of
highly qualified multiathletes at the stage of direct prepara-
tion for competitions. In general, the obtained results com-
plete the available scientific data regarding the peculiarities
of the construction of the training process of highly quali-
fied multiathletes during the stage of direct preparation for
competitions and the dynamics of indicators of physical and
functional fitness of athletes (Zwols & Sierksma, 2009; Bili¢
& Bali¢, 2015; Dobrynska, 2015).

In general, the approach to programming the training
process of athletes tested in previous studies (Shchepotina

et al,, 2021) was also implemented in the process of train-
ing highly qualified multiathletes. Thus, the developed algo-
rithm for building individual programs at the stage of direct
preparation for competitions can be recommended for use
in the practice of training multiathletes.

Conclusions

1. The use of the algorithm for building an individual
program of preparation for competitions of highly quali-
fied multiathletes orients the coach and athlete towards
achieving the desired sports result in the shortest way with
economical and rational use of training equipment at the
most difficult and responsible stage of direct preparation for
the main competitions. Compliance with the stated provi-
sions of the algorithm made it possible to rationally plan and
choose the optimal option for building the training process.

2. The implementation of an individual program at the
stage of direct preparation for winter season competitions
is effective and enables qualified multiathletes to reach the
peak of their sports form during participation in the com-
petitions of the Ukrainian indoor heptathlon championship.
This is evidenced by the achieved statistically significant dif-
ferences (p<0.05) in all indicators of physical and functional
fitness compared to the ascertainment stage of the experi-
ment. The increase in indicators in the running tests was
2.8-4.4%, in the tests reflecting speed and strength abilities
- 4.0-4.2%, in the strength control exercise - 6.6%. We note a
statistically significant (p<0.05) positive increase during the
formative stage in the indicators of physical performance of
multiathletes within the range of 5.8-6.0% and in the indica-
tors of aerobic productivity within the range of 4.4-4.5%.

Prospects for further research can be seen in the devel-
opment of individual training programs for multiathletes at
the stages of multi-year training.
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Criteria at the Stage of Preparation for Higher

PO3POBKA ANITOPUTMY NObYAOBU IHAUBIAYAJIbHUX MPOIrPAM
NIAroToBKU BUCOKOKBAJII®IKOBAHUX BATATOBOPLIIB HA ETATNI
BE3NOCEPEAHDLOI NIATOTOBKU AO 3MATAHb 3UMOBOIO CE3OHY

Bagum Agamuyk'45°PE, Hatana llenorina'A®“PE, Biktop KocTrokeBmy'ABCPE,
Oxkcana IlInakapyk®2°PE, Onena MitoBa**“PE, Terana [iguk'®“PF,

BiTIaHa [IMUTPEHKO , Ipuna Kynpunnpka
C 1BCDE 1 KY I 1BCDE

'BiHHMIIbKMII IepyKaBHUIT IIeflaroriyumii yHiBepcuteT iMeni Muxaiina Koijfo6uHcbKoro
*Harionanpanit yHiBepcuTeT Qi3sYHOTO BUXOBAHHA i ciopTy Ykpainu

‘[IpupHinpoBCcbKa ep>kaBHa akafieMis (isM4HOI Ky/IbTypH i ciopTy

ABTOpPCHKMIT BT A — Am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D — migroroska pykormucy; E — 36ip komTis

Pedepar. Crarts: 10 c., 3 Tabn., 2 puc., 33 mxeperna.

Mera JOCTifKeHHs — PO3POOUTH 11 eKCIIePYMEHTAIBHO OOIPYHTYBaTI €(eKTUBHICTD Q/ITOPUTMY ITOOYZOBY iHAVBIAya/Ib-
HUX IpOrpaM HiATOTOBKM BMCOKOKBaTi(hiKOBaHMX 0araToOOpLIB y /Ierkilt aTieTni Ha eTami 6e3nocepeHbOI MATOTOBKY JI0
TOJIOBHUX 3MaraHb 3¥IMOBOTO CE30HY.

Marepian i Merogu. OCHOBHOIO MeTOI (OPMYBA/NIBHOTO eTaly ekcrepumeHTty (2020-2021 pp.) 6yma po3pobka mporpam
CTPYKTYPHVX OAMHMNIb TPEHYBATIbHOTO IIPOLieCy (TpeHyBalIbHIX 3aHATh, MIKPOLMKIIIB, ME3OLIMKIIIB, eTany OesIocepesHbol mij-
TOTOBKM IO TOJIOBHUX 3MaraHb) Ha OCHOBi PO3pOO6/IEHOro alropuTMy nobynosu iHpusigyanpHux nporpaM. Hamu pospo6neHo
LIiCTh MOCTiJOBHMX KPOKiB [If JOCATHEHH: MOBHOLIIHHOI Mi/ITOTOB/IEHOCTi CIIOPTCMEHIB [I0 TOIOBHMX 3MaraHb.

Pesynbratu. BukoHaHHA iHAVBIfyaIbHOI Iporpamu Ha eTami 6e3nocepeHbOl MATOTOBKY O 3MaraHb 3MIMOBOI'O CE30HY €
eeKTUBHUM i la€ 3MOTy kBamidikoBaHMM 6araToOOpIAM BUIITU Ha MK CIIOPTMBHOI GOPMU Ha Yac y4acTi B 3MaraHHAX YeMIIi-
oHary YKpaiHu y npumimiensi 3 cemubopcrsa. IIpo 1e cBigdaTh JOCATHYTI CTATMCTUYHO 3Ha4ymli BigMinHOCTI (p<0,05) B ycix
HoKasHMKaX (isn4HOI Ta GYHKLIOHATBHOI MirOTOBIEHOCTI, B IOPiBHAHHI 3 KOHCTaTyBa/IbHIM €TAIlOM eKcIepuMeHTy. IIpupict
IIOKAa3HMKIB y 6iroBux Tecrax ckiaas 2,8-4,4%, y TecTax, 1o BimoOpakanu MIBUAKICHO-cnoBi 3ai6HOCTI — 4,0-4,2%, y CUIOBIi
KOHTPOJIbHIII BIpasi — 6,6%. BigsHauaemo cratuctiano foctoBipamii (p<0,05) MO3UTUBHMUIT HIPUPICT YIPOROBK GOpMYBaIbHO-
ro eTany B IOKa3HMKaxX (l)iSMqHOI TIpale3aTHOCTI 6araT060puiB y MeXax 5,8-6,0% i B moKasHUKax aepo6Ho'1' PO yKTMBHOCTI B
mexax 4,4-4,5%.

BucnoBku. Buxopucranua aaropurmy Ho6y,11031/1 iHIMBigya/IbHOI IPOTPAaMM MiATOTOBKM O 3MaraHb BUCOKOKBaIipikoBa-
HIIX JIETKOAT/IeTIB-6araTo60pLiB OpiEHTYE TPeHepa i CIOPTCMeHa Ha JOCATHEHH: 6a)KaHOTO CIIOPTUBHOTO Pe3y/IbTaTy HabiIbiI
KOPOTKMM IIJLIXOM IIPJ €KOHOMHOMY Ta palliOHa/JIbHOMY BJMKOPMCTaHHI TPeHYBaJIbHUX 3acO6iB Ha HAOIIbII CKIAZHOMY Ta
BifiOBiffa/IbHOMY eTati 6e31ocepeHbOI MATOTOBKI 1O TO/IOBHIX 3MaraHb. JJOTPYMaHHS BUK/IA/ICHUX II0JIOKEHb a/ITOPUTMY HO0-
3BO/IMJIO PALIiOHAIBHO CIUIAHYBATH I 0OpaTy ONTUMATIbHIII BapiaHT HOOYAOBY TPEHYBA/IBbHOTO IIPOLIECY.

KirouoBi croBa: erkoatierndse 6araro60pcTBo, 6ararobopiii, TpeHyBaIbHMIL IPOLeC, IPOrPaMyBaHHs, eTall Oe3nocepes-
HbOI MiJTOTOBKM, A/ITOPUTM.
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Abstract

The study purpose was to prove the effectiveness of a plyometric training program in increasing explosive power and

agility in professional athletes of East Java.

Materials and methods. This study is a pre-experiment with a research design of One Group Pretest-Posttest. A total
of 15 male athletes from athletics and swimming at the Pusat Pendidikan dan Pelatihan Olahraga Pelajar (PPLP) East
Java, Indonesia, aged 15-17 years, body mass index (BMI) 18.5-24.0 kg/m? normal blood pressure, normal resting
heart rate, voluntarily participated in the study. The plyometric training program (hurdle-box jumps) was carried

out for 30 minutes/training session with an intensity of 80-90% HRmax with a frequency of 3x/week for six weeks.
Measuring the explosive power of the horizontal leg muscles used the Standing Broad Jump Test, while measurement
of the explosive power of the vertical leg muscles used the Digital Jump Meter Test. Measurement of agility used
Shuttle Run Test, and explosive power and agility were measured during pre-training and six weeks post-training.
Data analysis used the Paired Sample T-Test with a significance level of 5% using the Statistical Package for Social

Science (SPSS) version 21 software.

Results. The results of the study showed that there was a significant difference in the average increase in explosive
power horizontally, vertically, and agility between pre-training vs. post-training (p < 0.001).

Conclusions. In general, it can be concluded that the plyometric training program (hurdle-box jumps) carried out
3x/week for six weeks effectively increases the explosive power of the horizontal leg muscles, the explosive power of

the vertical leg muscles, and increases agility.

Keywords: plyometric training, hurdle-box jumps, explosive power, agility.

Introduction

Plyometrics is a popular form of physical condition-
ing for healthy individuals and has been studied extensively
over the past few decades (Slimani et al., 2016). Plyometrics
are jumping training that involve the action of the stretch-
shortening cycle muscles (Bedoya et al., 2015; Markovic &
Mikulic, 2010; Meylan & Malatesta, 2009). Plyometrics are
effective for increasing tendon stiffness, improving jump-
ing performance, and strength of the lower body (Ramirez-
delaCruz et al., 2022). In addition, plyometrics providing to
increases agility (Haj-Sassi et al., 2011; Thomas et al., 2009).
Plyometric training are usually bodybuilding training that
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involve stopping, starting, and explosively changing direc-
tions. This movement is a component that can help in de-
veloping agility (Miller et 2006; Craig, 2004; Miller et al.,
2001; Parsons & Jones, 1998; Yap & Brown, 2000; Young et
al., 2001).

During sports and daily physical activities, the most at-
tribute of skeletal muscle is the ability to generate power, the
product of strength and speed of movement (Kraemer &
Newton, 2000). Sports, such as football, handball, basketball,
and rugby which are required the ability to make changes
in direction quickly (Change-of-direction) (Nygaard Falch
et al,, 2019). Results by (Kozinc et al., 2021) stated that the
strength of several muscles of the lower leg, in particular the
hip abductors and adductors, trunk muscles, hip rotators,
extensors, and flexors, as well as knee and ankle flexors and
extensors should be considered when aiming to improve
change-of-direction performance. This proves that explosive
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power and agility are important, especially in supporting
athlete performance.

Optimal plyometric program design requires control
over training level, type of training surface, type of training,
program duration, volume (sets, repetitions, weights), inten-
sity, rest intervals between sessions, and repetitions between
sets (Asadi & Ramirez-Campillo, 2016; Arazi, 2012; Séez-
Séez de Villarreal et al., 2010). This is intended to achieve
the target of the training and reduce the risk of injury. Plyo-
metric training has proven to be a safe training option when
programmed properly, especially when given in a supervised
setting (Vetrovsky et al., 2019).

Plyometric training have been shown to be beneficial in
sports and activities of daily living, but there is little scien-
tific information available to determine whether plyometric
training are really effective at increasing explosive power
and agility. Therefore, this study aims to prove the effect of a
plyometric training program on explosive power and agility
in East Java professional athletes. We hypothesize that a six-
week plyometric training program can improve explosive
power and agility in East Java professional athletes.

Materials and Methods

Study participants

This research is a pre-experimental research design
with One Groups Pretest-Posttest Design. A total of 15 male
athletes from athletics and swimming at the Student Sports
Education and Training Center (PPLP) East Java, Indone-
sia with inclusion criteria aged 15-17 years, body mass in-
dex (BMI) 18.5-24.0 kg/m? normal blood pressure, normal
resting heart rate and voluntarily participated in the study.
All subjects received information both orally and in writ-
ing before conducting the research and respondents also
gave a statement that they were willing to participate in the
research by signing an informed consent. All procedures
performed in our study complied with the Declaration of
the World Medical Association of Helsinki on the ethical
conduct of research involving human subjects.

Study organization

The plyometric training program (hurdle-box Jump) is
implemented and supervised by professional officers from
PPLP East Java, Indonesia. Plyometric training (hurdle-box
Jump) is performed for 30 minutes/session with an intensity
of 80-90% of HRmax with a frequency of 3x/week for six
weeks. During plyometric training (hurdle-box Jump) heart
rate monitoring using a polar heart rate monitor (Polar H10
Bluetooth Heart Rate Sensor & Fitness Tracker, Polar, Kem-
pele, Finland) (Andarianto et al., 2022).

Data collection for height measurement using Stadiom-
eter (Seca Corporation, CHINO, California, USA) (Rejeki
etal., 2021). Body weight was measured using a digital scale
(OMRON HN-289, Osaka, JAPAN) (Sugiharto et al., 2022).
BMI is calculated by dividing weight (kg) by height (m?)
(Raharjo et al., 2021). Measuring blood pressure using a
digital sphygmomanometer (OMRON Model Deluxe HEM-
8712 BASIC, JAPAN) on the non-dominant arm three times
in a row with a 2-minute rest interval between the two mea-
surements, then the average value of the three measurements

is taken (Andarianto et al., 2022; Raharjo et al., 2021). Mea-
surement of horizontal leg muscle explosive power using
the Standing Broad Jump (SBJ) Test (Tai et al., 2021), while
measuring the explosive power of vertical leg muscles using
the Jump Meter Digital (MD) Test. Agility measurement us-
ing the Shuttle Run Test (Kutlu et al., 2012). Explosive power
and agility measurements were carried out pre-training and
six weeks post-training.

Statistical analysis

The statistical analysis technique uses the Statistical
Package for Social Science (SPSS) version 21 software. The
normality test uses the Shapiro-Wilk test, while to compare
the difference in mean explosive power and agility between
pre-training and post-training, Paired Sample T-Test is used.
All statistical analyzes use the significant level (p < 0.05). All
data displayed Mean + Standard Deviation (SD).

Results

The results of descriptive analysis of the average char-
acteristic data of research subjects including age, height,
weight, body mass index, leg length, resting heart rate, sys-
tolic blood pressure, and diastolic blood pressure are pre-
sented in Table 1.

Table 1. The results of the descriptive analysis of the
characteristics of the research subject

Parameters n Mean Std. Deviation
Age (yrs) 15 15.80 0.86
BW (kg) 15 70.67 8.38
BH (m2) 15 1.77 0.05
BMI (kg/m?) 15 22.62 3.29
Leg Length (cm) 15 98.53 1.77
RHR (bpm) 15 68.87 3.04
SBP (mmHg) 15 115.87 3.83
DBP (mmHg) 15 75.93 4.04

Description: BW: Body weight; BH: Body height; BMI: Body mass
index; RHR: Resting heart rate; SBP: Systolic blood pressure;
DBP: Diastolic blood pressure
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Fig. 1. The results of the analysis of the explosive power of the
horizontal and vertical leg muscles between pre-training vs.
post-training Note: (*) Significant vs. pre-training (p < 0.001).
p- were obtained by using the Paired Samples T-Test. All data are
displayed with Mean+SD
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Based on Figure 1, the results of the Paired Samples
T-Test show that there is a significant difference in the
average increase in horizontal explosive power between pre-
training vs. post-training (2.31£0.07 vs. 2.39+0.07 meters
(p-values=0.000)). Likewise, the average increase in vertical
explosive power before training vs. after training also shows a
significant difference (52.47+1.73 vs. 56.67+1.50 centimeter
(p-values=0.000)). The results of agility analysis between
pre-training vs. post-training are presented in Figure 2.

Agility
20+ %

Second
-
=
1

Pre Post

Fig. 2. Results of agility analysis between pre-training vs post-
training Note: (*) Significant vs. before practice (p < 0.001).
p- values obtained by the Paired Samples T-Test. All data are
displayed with Mean+SD

Based on Figure 2, the results of the Paired Samples T-
Test show that there is a significant difference in the aver-
age increase in agility between pre-training vs. post-training
(16.89+0.31 vs. 16.43+0.30 second (p-values=0.000)).

Discussion

This study aims to determine the effect of six weeks of a
plyometric training program on improving explosive power
and agility in professional athletes in east java. Our findings
show that giving a plyometric training program (hurdle-box
Jump) which is done 3x/week for six weeks is effective in
increasing explosive power and agility. The results in this
study are in line with the results of Kim et al. (2022), that
plyometric training carried out for eight weeks has a posi-
tive effect on increasing physical fitness, such as maximum
strength, agility, and power. Strengthened by (Yaniez-Garcia
et al., 2022), that plyometric training can significantly in-
crease explosive power in athletes. Plyometric training are
usually bodybuilding training that involve stopping, start-
ing, and explosively changing directions. This training can
help in developing agility (Parsons & Jones, 1998; Yap &
Brown, 2000; Young et al., 2001).

Plyometric training has proven to be an effective meth-
od for improving several physical qualities such as strength
and jumping height, running, agility, sprint speed, and en-
durance (Oxfeldt et al., 2019; Lum et al., 2019; de Villarreal
etal., 2008; van de Hoef et al., 2020). In addition, plyometric
training can also increase endurance. Results by (Lum et
al., 2022) compared the effect of isometric strength train-
ing with plyometric training on endurance running perfor-
mance, showing that both types of training are effective in
increasing muscle endurance during running. Plyometric
training seem to be an effective and safe training mode for
increasing leg muscle volume, thigh muscle volume, thigh

and calf circumference, and muscle pennation angle. There-
fore, plyometric training are effective for increasing muscle
size and architecture, with potential implications in several
clinical and training-related contexts (Ramirez-Campillo et
al., 2022).

Plyometric training is one of the jumping-type training
methods known as the stretch-shortening cycle which is
based on neurophysiological mechanisms (Kim et al., 2022;
Bedoya et al., 2015). The stretch-shortening cycle increases
the ability of the nervous system and muscles to produce
maximum strength in a short period, encouraging the use of
plyometric training as a bridge between strength and speed
(Markovic & Mikulic, 2010). The goal of plyometric training
is to increase the strength of subsequent movements by using
the natural elastic components of muscles and tendons and
the stretch reflex (Bedoya et al., 2015; Meylan & Malatesta,
2009). Plyometric training use the stretch-shortening cycle
method by using muscle lengthening (eccentric) movements
that are rapidly followed by muscle shortening (concentric)
movements (Davies et al., 2015; Chu, 1998; Ebben et al.,
2008). de Villarreal (2009) found that a combination of ply-
ometrics using body weight, including countermovement
jumps, depth jumps, and squat jumps, resulted in a 4.7% to
15% increase in vertical jump height. The effectiveness of
plyometric training may also depend on the training design
and the length of the intervention period (Silva et al., 2019;
Cankaya et al., 2018). Plyometric training has proven to be a
safe training option when programmed properly, especially
when given in a supervised setting (Vetrovsky et al., 2019).
It can therefore be concluded that both plyometric and re-
sistance training interventions can produce similar effects
on overall muscle hypertrophy, at least for the lower extrem-
ity muscle groups, in untrained and recreationally trained
individuals, and during the short-term intervention period
(Grgic et al. al., 2021). In addition, plyometric training can
also be an effective training technique to improve an athlete’s
agility (Cherni et al., 2019).

Conclusion

In general, it can be concluded that giving a plyometric
training program (hurdle-box Jump) which is carried out
3x/week for six weeks is effective in increasing the explo-
sive power of horizontal leg muscles, the explosive power of
vertical leg muscles, and increasing agility in Athletics and
Swimming Athletes At the Pusat Pembinaan dan Latihan
Pelajar (PPLP) East Java.
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Permana, D.A., Kusnanik, N.W., Nurhasan, & Raharjo, S. (2022). A Six-Week Plyometric Training Program Improves Explosive Power
and Agility in Professional Athletes of East Java

ingexc macn tima (IMT) 18,5-24,0 kr/m?, HopManbHMit apTepianbHuit TUCK, HopManbHa YCC y crani ciokoto. ITporpamy mriome-
TPUYHMX TPEHYBaHb (CTPUOKY 3 IIepelIKOfaMy) IpOBOAN/IN 110 30 XBIIMH Ha TPEHYBAHHs 3 IHTeHCUBHICTIO 80-90% MaKcHMMalib-
Hol YCC (HRmax) 3 yacToTo0 3 pasy Ha TVOKAEHD IIPOTATOM LIECTY TVDKHIB. [l BUMipIoBaHHSA BUOYXOBOI CH/IM TOPU30HTAIb-
HMX M $13iB Hir BUKOpKCTOBYBam TecT «CTprOOK y HOBKUHY 3 MICLisl», TOI K /i1 BUMIPIOBAaHHS BMOYXOBOI CM/IU BEPTUKATBHIX
M’s3iB HIr BukopucroByBamu tecT «LndpoBuit BMMipioBad BUCOTH BEPTUKAIBHOIO CTpUOKa». [/ BUMIPIOBaHHSA CIIPUTHOCTI
BUKOPUCTOBYBa/N TecT « HOBHMKOBMII 6ir», a BUOYXOBY CIJTy Ta CIIPUTHICTh BUMIPIOBA/IM B IIePiof; O MOYATKy TPEHYBaHb Ta de-
pe3 LIicTh TYDKHIB ITic/Is TpeHyBaHb. [I/Is aHa/Ii3y TaHMX BUKOPUCTOBYBaN t-Kpurtepiit CThiofieHTa /I TapHuX BIOIPOK 3a piBHs
3Ha4yIocTi 5% i3 3acTocyBaHHAM IporpaMHoro 3abesnedyenns Statistical Package for Social Science (SPSS) Bepcii 21.

Pesynbratu. Pe3ynpraTyt OCTIIKEHHs T0Ka3a/Il, IO iCHY€E CTATMCTUYHO 3HAYYIA PI3HNUL B CepeHbOMY 30i/bIIeHH] BII-
6yX0BOI CHJIH IO TOPU3OHTAJI, BepTUKaJIi Ta CIIPUTHOCTI MDX HepiofaMu 0 Ta mic/st TpeHyBaHb (p < 0,001).

BucHOBKHM. 3arajioM MOXKHA [TV BUCHOBKY, 1IJ0 IIpOrpaMa IUTIOMETPUYHNUX TPEHYBaHb (CTPUOKN 3 IepeIlKOfiaMiL), SIKY
HPOBOJATD 3 Pasy Ha TYDK/IEHb IPOTATOM LIECTH TYDKHIB, eeKTUBHO 30i/Ibliye BIOYXOBY CMTy TOPM30HTAIbHYUX M A3iB HIT, BUI-
OyXOBY CI/Ty BEpPTMKA/IbHMX M 5I3iB Hir i IiiBUIIYE CIPUTHICTB.

KnrouoBi croBa: mrioMeTpuuHi TpeHyBaHHs, CTPUOKY 3 IepelIKofgaMu, BUOYXoBa CU/Ia, CIPUTHICTb.
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Abstract

The purpose of this study to find out the relationship of selected physical and angular kinematical variables with the
performance of toe-touch skill among male kabaddi players (raiders).

Materials and methods. One hundred male raiders were selected for this study. The age of the participants ranged
between 18 and 25 years. The selected physical variable, i.e. lower extremity explosive strength was measured by

the standing broad jump test. Selected angular kinematical variables were measured by the software ‘Kinovea
version-0.9.3> The toe-touch skill performed by raiders was measured by three experts’ rating. The inter-rater
reliability of the scores awarded by the experts to the participants was tested by Cohen’s Kappa test and the Kappa

coeflicient was found significant.

Results. Spearman’s rank correlation revealed that there was significant correlation in case of lower extremity
explosive strength (rs = 0.259, p = 0.009), angle at leading leg ankle joint (rs = 0.327, p = 0.001) variables and there
was no significant correlation in case of angle at trailing leg ankle joint (rs = 0.016, p = 0.871), angle at leading

leg knee joint (rs = 0.23, p= 0.823), angle at trailing leg knee joint (rs = -0.171, p = 0.089) and angle at hip joint

(rs =-0.195, p = 0.052) variables with the performance of toe-touch skill in kabaddi.

Conclusions. The study concludes that lower extremity explosive strength and the angle at the leading leg ankle joint
positively contribute to toe-touch skill performance in male kabaddi players.

Keywords: kabaddi, raider, skill, physical variable, angular kinematics.

Introduction

Kabaddi, native to the Indian subcontinent with its
history dating back to 4000 years, is a contact sport played
by two teams of five to seven players each (Kukreja, 2022).
Kabaddi is a game which combines the actions of wrestling,
judo, rugby and gymnastics. The important body move-
ments in this game involve catching, holding, locking and
jumping (Shobha & Jyoti, 2022).

© Ram, ], Singh, J., Singh, B., Gogoi, H., & Rather, N.M.,
2022.

oo Crmopm

(® TMOB
BN TOB 0BC

=

Zooyy

4 /M%

We all know that physical fitness is the basic founda-
tion that supports athlete achievement. Without adequate
physical fitness, athletes cannot perform techniques well
and maximally. (Erliana & Hartoto, 2019; Tirtayasa et al,
2020; Piyana et al, 2020). Physical fitness in kabaddi sports
consists of cardiovascular endurance, hand muscle strength,
leg muscle strength, back muscle strength, shoulder muscle
strength, arm muscle endurance, explosive power, agility,
and reaction speed (Santika & Subekti, 2020).

The term biomechanics combines the prefix bio, mean-
ing “life,” with the field of mechanics, which is the study of
the actions of forces. Kinematics and kinetics are further
subdivisions of biomechanical studies (Hall, 2019). Angular
kinematics describes angular motion, or motion involving
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Table 1. List of variables

S.N. Variables Explanation

1. Explosive strength An ability of the muscle to overcome resistance with high speed

2. Angle at leading leg ankle A movement of joint where lateral malleolus is an axis and fibular head and fifth metatarsal are two
joint arms.

3. Angle at trailing leg ankle A movement of joint where greater trochanter is an axis and lateral-epicondyle of femur and midline
joint of the pelvis are two arms.

4. Angle at leading leg knee A movement of joint where lateral-epicondyle of the femur is an axis and greater trochanter and
joint lateral malleolus are two arms.

5. Angle at trailing leg knee A movement of joint where lateral-epicondyle of the femur is an axis and greater trochanter and
joint lateral malleolus are two arms.

6. Angle at hip joint
of the pelvis are two arms.

7. Toe-touch skill

A movement of joint where greater trochanter is an axis and lateral-epicondyle of femur and midline

A skill performed by a raider to touch opponent’s toe by his toe.

rotations like swings, spins, and twists. Angular kinematics
describes the rotation of the whole body, like when a diver
or gymnast performs a spin in the air, or the rotation of
individual body segments, like when you bend or straighten
your forearm at the elbow (McCaw, 2014).

Biomechanical measurement allows for precise, quan-
tifiable examination of technical features, which then be-
comes a benchmark of a training program and seems to be a
factor in effective training design, particularly if it concerns
detecting the degree of performance expertise and assessing
it as part of an athlete’s growth process, as well as adopting
Kinesiological operators and modelling methodical meth-
ods” (Akhtar & Bej, 1997).

Researchers have conducted various studies to deter-
mine the relationship between physical, anthropometric,
physiological and psychological variables and kabaddi play-
ers playing ability (Devaraju & Needhiraja, 2012; Johnson,
2016; Pandey & Sardar, 2016). But the number of studies de-
scribing the relationship of particular domain variables with
a particular skill performance in kabaddj, is very few. There
is a significantly smaller number of biomechanical studies
on kabaddi (Ram, 2019a,b; Ram & Singh, 2021a,b). Hence,
this study was conducted to determine the relationship be-
tween selected physical and angular kinematic variables and
toe-touch skill performance (TTSP).

Material and Methods

Study participants

One hundred male raiders who at least participated in
inter-college level competition were selected for this study
by purposive sampling technique. The age of the participants
ranged from 18-25 years. All the participants had knowl-
edge and training experience in kabaddi. They were selected
from various kabaddi academies of four states of India: Pun-
jab, Himachal Pradesh, Haryana and Uttarakhand, and one
union territory: Chandigarh. Prior permission was taken
from coaches of kabaddi academies before data collection.
The participants also signed a written consent form to par-
ticipate in the study.

A total of 6 variables (1 physical + 5 angular kinematical
variables) were selected in this study (Table 1).

Raiders (100)

Inter-
College (18)

State Level
(15)

Junior
National
(47)

Senior
National
(20)

Fig. 1. Description of sampling plan

Procedure

All the participants were informed in detail about the
research protocol and the basic characteristics of the study.
No unique motivation technique was used to motivate the
players before data collection. All the participants executed
the same protocol under the same circumstances and were
guided by the researcher. The measurement of lower extrem-
ity explosive strength was taken with a standardized test,
i.e. standing broad jump test, and the measuring unit was
centimeter. Each participant got three chances to perform
the test, and the best one was taken as a score.

To measure the performance of the toe-touch skill of
raiders, instructions were given to raiders that they have to
raid on the opponents side and perform a toe-touch skill.
Appropriate time was given to raiders and defenders for gen-
eral and specific warm-ups. A Match situation was created,
and the raiders were asked to raid. Three raids were given
to every raider, and the best one was considered. The per-
formance of every raid was recorded by Y1-Action Camera
with a speed of 240fps (Figure 2).

The measurements of selected angular kinematic vari-
ables were extracted from the skill performance videos using
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Table 2 Description of selected tools and their measuring
units

S.N. Variable Tool Measuring
Unit
1. Explosive strength Standlng broad Centimeter
jump test

2. Angle.a'E leading leg Kinovea Software  Degree
ankle joint

3. Angle.aF trailing leg Kinovea Software ~ Degree
ankle joint

4. Ar}gle at leading leg knee Kinovea Software ~ Degree
joint

5. Apgle at trailing leg knee Kinovea Software ~ Degree
joint

6. Angle at hip joint Kinovea Software ~ Degree

7. Toe-Touch Skill Rating Scale Points
Performance

Fig. 2. Participant performing Toe-Touch skill

the software ‘Kinovea version-0.9.3” following the guideline
mentioned by Gogoi & Rajpoot (2019).

After completing the data collection process, research-
ers contacted kabaddi experts and explained the purpose of
this study and their role in rating the participants according
to their performance. The rating scale was given to each ex-
pert before starting the evaluation process (Table 3). The re-
corded videos of participants’ performances were shown to
three experts for rating purposes. All experts had a diploma
in coaching in kabaddi and participated in national-level
competitions. Experts’ inter-rater reliability was tested using
Cohen’s Kappa inter-rater reliability test and found signifi-
cant (Kvélseth, 1989). The average of the total scores given
by the participants was taken as the final performance score
for the participants.

Table 3. Explanation of Rating Scale

S.N. Comment Score
1 Very Good 5
2 Good 4
3. Average 3
4 Satisfactory 2
5 Poor 1

Statistical Technique

Descriptive statistics, i.e., the median, inter-quartile
range, was calculated. According to the nature of the data,
the non-parametric test ‘Spearman Rank Correlation’ was
employed to find out the relationship between TTSP and an-
thropometric variables with the help of SPSS-software ver-
sion 23. The level of significance was set at 0.05 (Zar, 2005).

Results

Table 4 shows the median and inter-quartile range val-
ues of skill performance scores and selected physical vari-
ables. Median and inter-quartile range values of performance
scores and variables are 3 (1) and 229 (25.75) respectively.
It also exhibited a significant relationship of lower extremity
explosive strength variable (rs = 0.259, p = 0.009) with toe
touch skill performance at 0.01 level.

Table 4. The relationship of the selected physical variable
with the performance of toe-touch skill

S.N. Variable Median IQR ‘¢’ value p(_::gh;e
1. Performance Scores 3 1 - -
2. Explosive Strength 229 2575 0.259 0.009**

Note: IQR= Inter Quartile Range;** Denotes significant rela-
tionship at 0.01 level of significance

Table 5 shows the median and inter-quartile range val-
ues of skill performance scores and selected angular kine-
matical variables. Median and inter-quartile range values of
performance scores, angle at leading leg ankle joint, angle
at trailing leg ankle joint, angle at leading leg knee joint,
angle at trailing leg knee joint and angle at hip joint vari-
ables are 3 (1), 137 (28.50), 66.50 (20), 173 (10.75), 45.50
(32.75) and 149 (24.50) respectively. It also shows that there
is an insignificant relationship of angle at trailing leg an-
kle joint (rs = 0.016, p = 0.871), angle at leading leg knee
joint (rs = 0.023, p = 0.823), angle at trailing leg knee joint
(rs = -0.171, p = 0.089) and angle at hip joint (rs = -0.195,

Table 5. The relationship of selected angular kinematical
variables with the performance of toe-touch skill

S.N. Variable Median IQR ‘r’ value p-v.alue
(sig.)

L. Performance Scores 3 1 - -

2. Angle at leading leg 137 28.50 0.327  0.001**
ankle joint

3. Angle at trailingleg  66.50 20 0.016  0.871
ankle joint

4. Angle at leading leg 173 10.75 0.023  0.823
knee joint

5. Angle at trailingleg ~ 45.50 32.75 -0.171  0.089
knee joint

6. Angle at hip joint 149 24.50 -0.195  0.052

Note: IQR= Inter Quartile Range; ** Denotes significant rela-
tionship at 0.01 level of significance
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p = 0.052) with toe touch skill performance with toe-touch
skill performance at 0.05 level of significance and signifi-
cant relationship of angle at leading leg ankle joint variable
(rs = 0.327, p = 0.001) with toe-touch skill performance at
0.01 level of significance

Discussion

There is evidence that physical variables contribute sig-
nificantly to the playing ability of male kabaddi players and
angular kinematical variables contribute to the playing abil-
ity of sports events (Devaraju & Needhiraja, 2012; Kelmendi,
Miftari & Tekin, 2021).

This study aimed to determine the relationship of se-
lected physical and angular kinematic variables with the per-
formance of toe-touch skills among male kabaddi players
(raiders). One physical variable: lower extremity explosive
strength, and five angular kinematical variables: angle at
leading leg ankle joint, angle at trailing leg ankle joint, angle
at leading leg knee joint, angle at trailing leg knee joint and
angle at hip joint were taken in this study.

The result showed a significant relationship (rs = 0.259,
p = 0.009) between the lower extremity explosive strength
variable and TTSP. The result of this finding is supported by
the study by Pandey and Sardar (2016), where they found a
significant correlation between the lower extremity explo-
sive strength variable and the playing ability of university-
level kabaddi players.

The result showed a significant relationship (rs = 0.327,
p = 0.001) between angle at leading leg ankle joint variable
and TTSP. The result of this finding is supported by the study
conducted by Bisht & Kumar (2020) where they found that
there was significant correlation between angle at leading leg
ankle joint variable during execution phase and accuracy of
tennis serve.

The result showed that there was an insignificant rela-
tionship (rs = 0.016, p = 0.871) between angle at trailing leg
ankle joint variable and TTSP. The result of this finding is
supported by the study conducted by Rathod (2018) where
he found that there was an insignificant correlation between
angle at ankle joint variable and race walk performance.

The result showed that there was an insignificant rela-
tionship (rs = 0.023, p = 0.823) between angle at leading leg
knee joint variable and TTSP. The result of this finding is
supported by the study conducted by Bisht & Kumar (2020)
where they found that there was an insignificant correlation
between angle at leading leg knee joint during execution
phase variable and accuracy of tennis serve.

The result showed that there was an insignificant rela-
tionship (rs = -0.171, p = 0.089) between angle at trailing
leg knee joint variable and TTSP. The result of this find-
ing is supported by the study conducted by Rathod (2018)
where they found that there was an insignificant correla-
tion between angle at knee joint variable and javelin throw
performance.

The result showed that there was an insignificant rela-
tionship (rs = -0.195, p = 0.052) between angle at hip joint
variable and TTSP. The result of this finding is supported by
the study conducted by Bisht & Kumar (2020) where they
found that there was an insignificant correlation between
angle at hip joint variable during preparatory phase and ac-
curacy of tennis serve.

The results of the selected physical variable are similar
to studies earlier conducted in kabaddi and showed that ex-
plosive strength plays an important role in the playing ability
of kabaddi. In the case of angular kinematical variables, no
study defines the relationship of angular kinematical vari-
ables with kabaddi playing ability. The results of this study
state that the angle at the leading leg ankle joint positively
correlates with toe-touch skill performance in kabaddi.

Conclusion

The study concludes that increasing the lower extrem-
ity’s explosive strength positively contributes to toe-touch
skill performance in kabaddi. Angle at leading leg positively
contributes in toe-touch skill performance in kabaddi. It can
help coaches while make training plan for raiders to enhance
their raiding performance.
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3B’A30K BUBPAHUX ®I3U4HHUX | KYTOBUX KIHEMATUYHUX 3MIHHUX
13 BUKOHAHHAM NMPUNOMY TOPKAHHA NAJIbUAMW HIT Y T'P1 KABALAI

xacBip Pam'ABCPE, [T;k03e¢ Cinrx*A*¢, banmxkingep CiHrx*45C,
Xemantamxkurt Toroit*“®, Hacep Mymrak Parxep®cE

'Xomiapypcbknit iep>xaBHUI KOJIEIDK

*Hauionanbanit iHCTUTYT ¢isuyHoro BuxosaHHA iMeni Jlakimmi bait

*Cynxapcpkuii konemx Xasca imeni I'ypy Xapro6ing

*YuiBepcuret ciopry imeni Illpi llpi Anipynaxanesu

*TanmepbanbcbKa lepyKaBHA CepeHs IIKOA /IS [iBYaT

ABTOpPCHKMIT BKIAJ: A — Am3aitH gocnipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip komrtis

Pedepar. Crarts: 6 c., 5 Tabn., 2 puc., 23 mxeperna.

Mera 1bOro JOCTIIKEHHs — 3’ICYyBaTi B3a€MO3B 30K BIOpaHuX (isnYHMX i KyTOBMX KiHEMaTMYHMX 3MIHHIX i3 BUKOHAH-
HAM IPUITOMY TOPKaHH: MaJIbLIAMU HIT cepef 40/I0BiKiB-TpaBIiB y Kabaapi (peiifepis).

Marepiamu ta Meropu. [l yuacTi B IbOMY JOCTiKeHH] 6y/10 BifibpaHO cTO 40/MOBiKiB-peiifiepiB. Bik yuacHuUKiB Kosmmu-
BaBcA Bif 18 10 25 pokis. Bubpany ¢isnuny sMiHHY, TOOTO BUOYXOBY CI/Ty HIDKHIX KiHI[iBOK, BUMIPIOBA/I) 3 JIOIIOMOTI'OIO TECTY
«CTpI/I6KI/I B JJOBXXMHY 3 MiCLsI». BM6paHi KYTOBi KiHEMaTW4Hi 3MiHHi BMMipIOBa/Ii 3a JOIOMOTOIO IIPOrPaMHOTO 3a0e31edYeHHs
«Kinovea version-0.9.3». [IpuiioM TopKaHHA Na/lbLAMM HiT, AKUI BUKOHYBAJIU pelifiepy, BUMipIOBa/Iy OLIIHKOIO TPbOX €KCIIEePTiB.
MixekcrepTHa HafiitHICTh 6aliB, IPU3HAYEHNX eKCIIepTaMI YYaCHUKaM, Oyia IepeBipeHa 3a gornomoroio tecty Koena, i koedi-
IIiEHT KaIlla 6yB BU3HAHNI 3HAYYLIVM.

PesynbraTu. Panrosa xopersnis CripMeHa okasaJia, 110 iCHY€ 3Hauylila KOpeJIsilis y BUIaJKy TaKMX 3MIiHHUX, SIK BOyxoBa
CyIa HIDKHBOI KiHIiBKY (rs = 0,259, p = 0,009), KyT y roMiZKOBOCTOITHOMY Cyr106i nepeguboi Horu (rs = 0,327, p = 0,001), i Big-
CYTHS 3HaUyIlla KOPEJALlis y BUMAAKY TaKMX 3MIHHMX, SIK KyT Y TOMIZIKOBOCTOITHOMY Cyr106i 3aHboi Horu (rs = 0,016, p = 0,871),
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KyT y KO/IiHHOMY Cyr7106i epennboi Horn (rs = 0,23, p=0,823), KyT y KonmiHHOMY cyr106i 3agHboi Horn (rs = -0,171, p = 0,089) i KyT
y TadocTerHoBomy cyrnobi (rs = -0,195, p = 0,052), 3 BUKOHAaHHAM NIPUIIOMY TOPKaHHA IA/IbIAMM HIT y Tpi Kabapi.
BucHoBKu. ABTOPHU [JOCTIifIKEHHSA [iJILIIN BYICHOBKY, 1[0 BM6yXOBa CHJIa HVDKHIX KiHIIIBOK i KyT y TOMiZIKOBOCTOITHOMY Cy-
1061 IIepefHbOI HOrM MO3UTUBHO BIUIMBAIOTh HA BUKOHAHHSA IPUITIOMY TOPKAaHH [a/IbLIAMU HIT' Y 4O/IOBIKiB-TPaBIiB y Kabapi.
Krrouosi coBa: xabaypi, peiinep, npuitom, pisnudHa 3MiHHa, KyTOBa KiHEMaTHKa.
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Abstract

Study purpose. This study aims to clarify the extent to which students’ physical activity is significant for their

engagement in the learning process.

Materials and methods. The study sample was composed of 202 7"-10" grade students. The data collection was
performed in May 2021. The research participants completed the anonymous questionnaire on an online platform.
The standardized Physical Activity Questionnaire for Adolescents and the standardized Student Engagement Scale
were used to assess levels of physical activity and affective and behavioural engagement.

Results. The research findings showed that students’ physical activity depended on the time they participated

in physical activities. The highest level of physical activity was during physical education classes. A statistically
significant difference was determined in the boys’ and girls’ affective and behavioural engagement. The mean for the
girls was higher than the mean for the boys. A statistically significant difference in the behavioural engagement of
the 9" and 10" grade students was also found: 9" grade students were more engaged than 10" grade students. The
multiple linear regression analysis demonstrated that gender (p = 0.332, p < 0.0001) and physical activity (B = 0.323,
p < 0.0001) as predictors had a significant moderate effect on behavioural engagement.

Conclusions. The research findings reveal that although the students’ physical activity was low during the COVID-19
pandemic period, this phenomenon (physical activity) still remains a predictor, which has a significant moderate
effect on behavioural engagement. It was also determined that during the pandemic, the highest physical activity level
of students depended mostly on obligatory physical education lessons. Thus, bearing in mind that physical education
lessons were the main physical activity-enhancing measures, we would like to emphasise the importance of these

lessons and their proper organisation.

Keywords: affective engagement, behavioural engagement, physical activity, physical education lessons.

Introduction

The COVID-19 pandemic has posed numerous chal-
lenges to various national systems (education, health, so-
cial and others). The changed living environments, distance
learning, and social isolation during the pandemic have also
had negative consequences for the general and mental health
of many adolescents (Zhou et al., 2020), and for their en-
gagement in learning (Steinmayr et al., 2020). According to
researchers, one of the most important factors in changes
to adolescents’ health has been decreased physical activity,
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as most students have been unable to attend sport clubs or
actively exercise during physical education lessons (Moore
et al., 2020). It may also be attributed to a transitional stage
of physical and psychological development at which this age
group is more sensitive to this unprecedented shift from on-
site teaching to virtual classrooms (Shen et al., 2020).
Physical activity is defined as any bodily movement
produced by skeletal muscles and that requires energy ex-
penditure (NIH Consensus, 1996). It confers strong posi-
tive health benefits in youth, including positive effects on
metabolic syndrome (Janssen & LeBlanc, 2010), reduction of
the risk of suffering chronic illnesses, bone mineral density,
weight management and obesity, as well as lower risks of car-
diovascular diseases (Haynos & O’Donohue, 2012). Physical
activity also has a positive effect on mental health in youth.
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There is now substantial evidence that physical activity is
positively associated with production of hormones, such as
endorphins, while it decreases cortisol levels and improves
general mood. During this difficult period, when the number
of adolescents complaining of mental problems has increased
(Lei et al,, 2020), physical activity can become a means of
reducing stress, the state of depression, and anxiety levels of
adolescents (Dsouza et al., 2020). Scientific studies show that
being physically active not only reduces the symptoms of de-
pression in adolescents, but also improves their psychologi-
cal state, i.e, increases self-esteem and improves cognitive
functions. The data demonstrate that life satisfaction among
young people increases in proportion to the reported level of
physical activity (Lojdova et al., 2021). If physical exercise be-
comes a routine part of adolescents’ lives, their mental health
improves and depressive symptoms decrease in the long term
(Biddle et al., 2019). Furthermore, recent research found that
mental health benefits are only attained if a certain physical
activity level is achieved (Maugeri et al., 2020).

The World Health Organization recommends a mini-
mum of 60 minutes a day of moderate to vigorous physical
activity for children aged between 5 and 17 years (Piercy et
al., 2018). However, despite clear evidence of the potential
benefits of being physically active, youth around the world
often fail to achieve the recommended 60 minutes of mod-
erate to vigorous physical activity per day. Research reveals
that only 10 percent of children meet these recommenda-
tions for physical activity (Aubert et al., 2018).

Physical activity has clear links to students’ academic
achievement (Weston et al., 2020). Physical activity, espe-
cially physical education, improves classroom behaviour and
benefits several aspects of academic achievement, especially
mathematics-related skills, reading, and composite scores
(Alvarez-Bueno et al., 2017). Studies on physical activity
demonstrate that the more active adolescents are, the higher
their academic achievement is, and as students’ physical ac-
tivity increases in leisure time, especially in moderate to vig-
orous intensity, their cognitive abilities improve (Rodriguez
etal., 2020). Furthermore, physical activity, especially aerobic
exercise, may also have a positive effect on brain structures
and their functions, improving attention, processing speed
and concentration capacity, and enabling the achievement of
higher academic performance (Donnelly et al., 2016).

Visier-Alfonso et al. (2021) stated that students’ cardio-
vascular state had an influence on their academic achieve-
ment. This is supported by other scientists, who claim that
adolescents who regularly participate in physical activity and
who are aerobically fit (Lagestad, 2019) perform better aca-
demically than those who are sedentary. Physical activity is
associated with a greater cerebral blood supply; a greater
volume in the frontal cortex and the hippocampus (Erickson
et al,, 2014). Studies indicate that physical activity increases
activation in children’s prefrontal cortex, which is associated
with self-regulatory behaviours, when students are able to
better participate in classroom lessons, and this increased
engagement is a possible mechanism by which physical ac-
tivity can have a positive influence on student achievement
(Zan, 2013). This is based on the fact that physical activity
and cognitive abilities of the student are activated by the
same nervous system centres (Mavilidi et al., 2019).

Thus, the problem-based question arises: Has students’
physical activity been significant for their engagement in

learning during the COVID-19 pandemic? We consider this
issue as worthy of exploration as research shows that students
have made less academic progress during this pandemic pe-
riod compared with previous years (Renaissance Learning &
Education Policy Institute, 2021). Therefore, it is important to
identify factors that may influence student achievement. In
this case, engagement is understood as a construct, encom-
passing commitment to learning, and we assess students’ emo-
tional engagement (the presence of task-facilitating emotions,
such as interest) and behavioural engagement (their concen-
tration, attention, and effort) (Reeve, 2012). Research demon-
strates that engagement is a positive state of learning (energy,
dedication, attention) and higher levels of student engagement
are associated with higher academic achievement (Harbour
et al., 2015). Moreover, adolescents’ emotional engagement
is related to further learning (Gutman & Schoon, 2018), psy-
chological outcomes (self-esteem and scholastic self-esteem)
(Markowitz, 2017), and a sense of being an acknowledged
member of the school community (Ulmanen et al., 2016).

Materials and methods

Study participants

The selection of the research sample was carried out
in two steps. The first step involved school selection. Four
general education schools were selected in three munici-
palities of Lithuania with low-SES contexts. The second step
included the selection of a grade in every school. The re-
search sample was composed of 202 7*-10* grade students
(112 girls and 90 boys). The sample distribution according to
gender and grade is shown in Table 1.

Table 1. Research sample

Girls Boys Total

n % n % n %
7t grade 31 27.7 18 20 49 24.3
8™ grade 30 26.8 26 28.9 56 27.7
9t grade 20 17.8 21 23.3 41 20.3
10® grade 31 27.7 25 278 56 27.7
Total 112 100 90 100 202 100
Study organization

The research was conducted in accordance with the
ethical rules of the Helsinki Declaration. Oral consent from
each school’s principal was sought prior to the distribution of
questionnaires. Informed consent was obtained from all the
students and their parents or guardians. All students were
informed that their responses would be treated in strictest
confidence and that responses were entirely anonymous. The
data collection was performed in May 2021. The research
participants completed the anonymous questionnaire on the
online platform https://apklausa.lt/. The anonymous self-
report questionnaire was divided into three parts. Part I
of the questionnaire collected students’ basic information
(gender, grade). Part II contained the Physical Activity
Questionnaire for Adolescents (PAQ-A; Kowalski et al.,
2004). This questionnaire was developed to assess general
levels of physical activity. Each of the 9 questionnaire items
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Table 2. Descriptive statistics of physical activity scores

Girls Boys Total

Mean SD Mean SD Mean SD
Spare-time activity: sports 1.83 0.52 2.09 0.69 1.94 0.62
Activity during physical education classes 3.40 1.07 3.91 1.00 3.59 1.05
Lunchtime activity 1.33 0.68 1.43 0.78 1.38 0.73
After-school activity 2.74 1.28 3.08 1.28 2.90 1.29
Evening activity 2.95 1.25 2.95 1.29 2.95 1.27
Weekend activity 2.99 1.15 2.98 1.23 2.98 1.18
Activity frequency over the last 7 days 2.64 1.20 2.99 1.26 2.80 1.23
Activity frequency during each day of the last week 2.90 0.96 2.82 1.05 2.86 1.00
PAQ-A total 2.40 0.62 2.54 0.69 2.46 0.66

was scored on a 5-point scale (the lowest activity response
being 1 and the highest activity response being 5). The total
score of the PAQ-A was calculated by adding all the average
scores of the questions. Part III contained two subscales of the
Student Engagement Scale (Lam etal.,2014), namely Affective
Engagement and Behavioural Engagement. Each item of the
subscales was rated on a 5-point Likert scale, ranging from
1 (strongly disagree) to 5 (strongly agree). In this study, the
internal consistency of the PAQ-A, the Affective Engagement
subscale, and the Behavioural Engagement subscale was
checked with Cronbach’s alpha test. The Cronbach’s alpha
of 0.70 or higher for a set of items is considered acceptable
(Cohen et al., 2018). Cronbach’s alpha test showed the PAQ-A
reached acceptable reliability, a = 0.891. The findings of
Cronbach’s alpha suggested that the two subscales (a=0.892
for Affective Engagement and a=0.831 for Behavioural
Engagement) also had an acceptable internal consistency.

Statistical analysis

The data analysis was made using IBM SPSS Statistics 26.
Frequency, percentage, mean, and standard deviation were
used in the descriptive procedures. Between-gender differ-
ences were assessed by Student t-tests. The difference between
the 7-10% grade students was determined by ANOVA. Sta-
tistical significance level was p < 0.05. Cohen’s d for a Student
t-test was calculated, and the effect size was examined. For
Cohen’s d, a value of 0.20 is interpreted as a small effect, 0.50 is
a medium effect, and 0.80 is a large effect. Partial Eta squared
1’ is an effect size measured for ANOVA. Basic rules of thumb
are that n)* = 0.01 indicates a small effect; n* = 0.06 indicates a
medium effect; n? = 0.14 indicates a large effect. Multiple lin-
ear regression analyses were used to examine the association
of gender, 7%-10" grade, and physical activity with student
affective and behavioural engagement. In regression analy-
sis, the effect size of the predictor variables is given by the
beta loadings. In interpreting the effect size gives the follow-
ing guidance: 0-0.1 weak effect, 0.1-0.3 modest effect, 0.3-0.5
moderate effect, and > 0.5 strong effect (Cohen et al., 2018).

Results

Physical activity

The research findings (Table 2) showed that students’
physical activity depended on the time they participated in
physical activities. The highest level of physical activity was

during physical education classes. The least active periods
were during the breaks between lessons. The boys” and girls’
physical activity total scores were 2.54 (SD = 0.69) and 2.40
(SD = 0.62), respectively. The total score was not high ei-
ther, and did not reveal a statistically significant difference
(t = 1.405, p = 0.162).

The ANOVA test (Table 3) revealed that there was no
statistically significant difference in the physical activity of
students in different grades (F = 2,457, p = 0.064), although
general levels of physical activity of the 7"-8" grade students
were slightly higher than the 9*-10" grade students.

Table 3. Differences of physical activity between the 7-10"
grade students

ANOVA test i
Mean SD Mean _ANOVA test Partial Eta

Square F p squaredn’
7" grade 2.58 077
8t grade 259  0.64
N 1.039 2.457 0.064 0.040
9" grade 2.32 0.64
10" grade 233 0.53

Affective and behavioural engagement

Student t-tests (Table 4) reported a significant differ-
ence between lower affective engagement mean for the boys
(M = 3.15, SD = 0.79) compared with the girls (M = 3.41,
SD = 0.73; t = -2.447, p = 0.015). Moreover, a statistically
significant difference was determined in the boys” and girls’
behavioural engagement. The mean for the girls (M = 3.56,
SD = 0.60) was higher than the mean for the boys (M = 3.22,
SD =0.56; t = -4.217, p = 0.0001). Finally, the Cohen’s d was
small for affective engagement (d = 0.34) and medium for
behavioural engagement (d = 0.59).

Table 4. Student t-test findings for differences of variables
in terms of gender

t-test
Mean SD . < Cohen’s d
i B 315 079
Affective ovs 2447 0015 034
engagement  Girls 341 0.73
i B 322 056
Behavioural - Boys 4217 0.0001  0.59
engagement  Girls 3.56  0.60

Comparing the affective engagement of the 7*-10" grade
students, no statistically significant difference was found
(Table 5). However, a statistically significant difference was
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Table 5. ANOVA test findings for differences of variables in terms of 7-10" grades

ANOVA test i
Mean SD Mean Square Partial Et? squared
F P n
7% grade 3.31 0.89
8™ grade 3.19 0.62
Affective engagement 1.383 2.419 0.067 0.035
9% grade 3.59 0.76
10* grade 3.15 0.75
7" grade 3.48 0.63
8™ grade 343 0.53
Behavioural engagement 1.265 3.586 0.015 0.052
9t grade 3.63 0.61
10" grade 3.23 0.63
Table 6. Predictions of student behavioural engagement
. Unstandardized Standardized
Predictors Coefficients B Std. Error Coefficients t P
Constant 2.473 0.170 14.566 0.0001
Physical activity 0.300 0.063 0.323 4.799 0.0001
Gender 0.407 0.082 0.332 4.936 0.0001

determined in their behavioural engagement. ANOVA with
post-hoc Tukey HSD test showed a statistically significant
difference in the behavioural engagement of the 9™ and 10*
grade students: 9* grade students (M = 3.63, SD = 0.61)
were more engaged than the 10* grade students (M = 3.23,
SD = 0.63; F = 3.589, p = 0.015). Nevertheless, partial Eta
squared n? = 0.052 indicated a small effect.

The multiple linear regression analysis was implement-
ed to determine the influence of physical activity, gender
and grade on affective and behavioural engagement. It was
determined that the grade was not a predictor of any engage-
ment dimension. Having eliminated the grade and repeat-
edly performed a multiple linear regression analysis, it ap-
peared that physical activity and gender were the predictors
of only the students’ behavioural engagement. The obtained
statistically significant regression model had R* = 0.20;
F =21.471, p < 0.0001. The findings demonstrated that gen-
der (p =0.332, p < 0.0001) and physical activity (f = 0.323,
p <0.0001) as predictors had a significant moderate effect on
behavioural engagement (Table 6).

Discussion

The findings of the study examining students’ physical
activity and engagement in learning during the COVID-19
pandemic enable us to highlight several important points.

Firstly, it was determined that during the COVID-19
pandemic period, the students’ physical activity was low
and did not depend on gender. The first trend (low physical
activity) is confirmed by studies performed by other sci-
entists in Lithuania and other countries. For example, the
research by Lopez-Sanchez et al. (2018) showed that every
third child in Lithuania was physically active, whereas the
decreased physical activity during the pandemic was deter-
mined by Moore et al. (2020). According to the research-
ers, only 2.6 percent of adolescents met the recommended
guidelines of achieving 60 minutes of moderate-vigorous

physical activity per day. Moreover, the study completed by
Chambonniere et al. (2021) revealed that even initially active
children and adolescents decreased their physical activity
more than those initially inactive and increased their sit-
ting time during lockdowns. However, the second trend that
physical activity was not dependent on gender was unex-
pected, as the data from the afore-mentioned study (Lopez-
Sanchez et al., 2018) showed that boys of any age group were
more physically active than girls. The determined difference
could probably be explained by the fundamentally changed
conditions: during the COVID-19 pandemic, a lot of sports
clubs / activities have closed, as well as social communica-
tion and at the same time spontaneous physical activity has
been limited (e.g., skating, skateboarding, playing football,
basketball, etc.). According to Hayes (2020), social commu-
nication supported by social media could have a significant
effect on adolescents’ physical activity; hence, it could have
significantly reduced this type of activity for boys.

Secondly, the findings of the study demonstrated that
during the COVID-19 pandemic, the highest levels of stu-
dents’ physical activity depended greatly on obligatory
school physical education lessons. During the lessons, both
boys’ and girls’ physical activity reached a higher level, and
the students” physical activity became of medium or high
intensity. The literature review shows that benefits associ-
ated with physical activity and fitness are not unilateral but
instead are specific to the type, timing, and intensity of the
physical activity. In order to ensure health and developmen-
tal benefits, it is recommended that youth should partici-
pate in a variety of enjoyable, developmentally appropriate
moderate-to-vigorous physical activities for at least 60 min-
utes per day (Piercy et al., 2018). According to researchers
(Sallis et al., 2012), obligatory school physical education is
probably the most effective way to enhance engagement in
physical activity for adolescents. It is suggested that positive
affective experiences in physical education lessons are cru-
cial to evoke students’ intention to be physically active later
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in their lives. Therefore, it is also important to pay attention
to the organisation of physical activity. Physical education
lessons and extracurricular activities should be organised
ensuring a motivational climate, goal-oriented tasks, and
evoking enjoyment. Improperly organised lessons can pro-
voke students’ anger and amotivation to be physically active
(Jaakkola et al., 2019). Thus, bearing in mind that physical
education lessons were one of the main and most physical
activity-enhancing measures during the COVID-19 pan-
demic, we would like to emphasise the importance of these
lessons and their proper organisation.

Thirdly, our study data suggested that the levels of
students’ physical activity after school, in spare time, or at
weekends were low; the lowest activity level was estimated
during the breaks between lessons. This means that even
after spending all day sitting at a computer during distance
learning, the students were not inclined to become more
physically active on their own during the breaks. This identi-
fied trend is confirmed by the data collected by other scien-
tists. For instance, Tassitano et al. (2020) argue that schools,
where students spend hours each day, offer too little physical
activity, especially moderate-to-vigorous physical activity.
In this regard, it is justified to recommend that schools offer
opportunities to be physically active before, during, and after
the school day.

Finally, the fact that physical activity was important
and significant for students’ learning during the COVID-19
pandemic period was also demonstrated by the regression
analysis of the data collected in our study. Physical activity
proved to be one of the predictors for behavioural engage-
ment. This is a very important finding of the study, which
again demonstrates the role of physical activity in student
learning and encourages further research into physical activ-
ity and its links to the learning process. On the other hand,
we would like to draw special attention to students who are
from low-SES backgrounds, as their achievements may be
significantly more negatively affected by COVID-19 pan-
demic learning conditions compared with other students
(Renaissance Learning & Education Policy Institute, 2021).
The data of our study suggest that physical activity for these
students (both boys and girls) would help to improve their
behavioural engagement and learning outcomes. According
to other studies, physical activity and academic outcomes are
positively correlated in children from poorer backgrounds
(Efrat, 2011). Physically active students are more engaged
with their classroom lessons (Zan, 2013) and this increased
engagement is a possible mechanism by which students’
physical activity could have a positive influence on their
academic achievement.

Conclusions

Due to the changed learning conditions during the CO-
VID-19 pandemig, it is critical to explore the factors that
have influenced student learning processes and outcomes.
The findings of our study demonstrated that during this
period physical activity was a predictor with a significant
moderate effect on behavioural engagement. It was also de-
termined that during the pandemic, the physical activity of
students was low, and its highest levels depended mostly
on obligatory physical education classes at school. We dare
to claim that these are significant research findings that

emphasise the benefits of physical education lessons and the
importance of physical activity to the learning process.
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3HAYEHHA ®I3UYHOI AKTUBHOCTI YYHIB A1A IXHbOI 3AJIYYEHOCTI
AO HABYAJIbHOI AIANbHOCTI MIA YAC MAHAEMII COVID-19

Erne Kemepure-IBanayckene'**E, Arne Bpanpgicayckene
1ABD

IOpare IlecnaBinene'*®?, Aycpa [layripaene

'VuiBepcuter Birosra Benukoro

1BCD
>

ABTOpPCHKMIT BKTAJ: A — Am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E — 36ip komtis

Pedepar. Crartsi: 8 c., 6 Tab1., 40 mKepert.

Meta mocnimkenHns. [le mocmimkeHHS Ma€e Ha MeTi 3’HcyBaTM, HACKinbKI (biswma AKTUBHICTD y4YHIB € BOXK/IMBOIO I iXHbOI
3aJTy4€HOCTi [JO HaB4a/JIbHOTO IIPOIIECY.

Marepiamu Ta MmeTopu. Bubipky nocnimkenns ckmam 202 yuni 7-10 kaaciB. 36ip gaHux mposopmmy B TpaBHi 2021 poky.
Y9acHUKY HOCTi/KeHHA 3aIIOBHIM/IN aHOHIMHY aHKeTy Ha OH/IaiH-11atdopmi. CranmapTnsoBanmit OMUTyBaNIbHUK i3 (isyaHOL
aKTMBHOCTI /IS MiIITKIB i cranapTusosany [llkasy samydeHOCT] yUHIB BUKOPUCTOBYBAIN JIsl OL[iHKM PiBHIB (i3nuHOI aKTMB-
HOCTI i1 eMOIilIHOI Ta IIOBENIHKOBOI 3a/Ty4€HOCTI.

PesynbraTm. PesynpraTy fOCTi>KeHHA ITOKa3au, 1[0 (biquHa aKTUBHICTD YYHIB 3a/IXKNUTD Bif] Yacy, AKUI BOHY 3aliMa/IiCs
¢isunrMy BripaBamu. HaitBuimit piBeHb isndHOI aKTMBHOCTI OYB Ha 3aHATTAX i3 (iSMYHOro BUXOBaHH:A. Bu3HaYeHO cTaTIC-
TUYHO 3HAYYLy PiSHUILIO B aQeKTUBHIN Ta HOBENiHKOBII 3aJTy4eHOCTi X710n1iB i giByat. CepefjHE 3HAYEHHA JIA [iiBUaT 6y}10 BU-
MM, HDXK cepeHe 3HaYeHH: /I XIONLiB. TaKo)X BMABIEHO CTATUCTUYHO 3HAYYILY Pi3HMIIIO B IOBENIHKOBII 3a/Ty4eHOCT] yUHIiB
9-x i 10-x KsaciB: yuHi 9-X K1aciB 6y 6ibII 3amydeHUMY, HDK yuHi 10-X K1aciB. MHOXMHHMIT TiHITHNI perpeciiiHuit aHamis
IPOZIEeMOHCTPYBaB, 10 cTath (B = 0,332, p < 0,0001) i pisnuna aktusHicTb (B = 0,323, p < 0,0001) AK HPEAMKTOPI Ma/IM 3HAYYILLINI
IIOMipHMII BIZIMB Ha IIOBE[iHKOBY 3a/1y4€HiCTb.

BucHoBKH. Pe3ybraTu {OC/II/PKEHHS OKA3YIOTh, 10 X04a (i3MIHA aKTUBHICTD CTYAEHTIB Oy/1a HU3bKOI IIPOTSTOM IIepiofy
nanzieMii COVID-19, nie siBuie (¢pisndHa akTMBHICTD) BCe Ilje 3a/TNIIA€THCSA IIPEAUKTOPOM, AKWIT Ma€ 3HAUYIIT TOMipHMI BIUIVB
Ha ITOBEJiHKOBY 3a/Iy4eHicThb. TaKOXX yCTAHOBJIEHO, IO TIij] Yac MaH/eMil HalBUIII piBeHb (i3NIHOI AKTMBHOCTI YYHIB 3a/1e)aB
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Abstract

Study purpose. The research aimed to study the effects of tai chi and resistance band training on elderly’s balance and

strength.

Materials and methods. The participants were 40 elderly females aged 62 to 76. They were selected by systematic
random sampling, using balance score as the criterion. They were divided into two equal groups of 20 people each,
namely, the Tai Chi and resistance band training (TCR) experimental group was trained for 8 weeks, 3 days a week
for 60 minutes each day, and the control group (C) was not trained. The participants volunteered to sign the consent
forms to participate in this research. Quantitative data was collected by measuring balance, hand muscle strength,
and leg muscle strength. Qualitative data was collected via interviews and participant observation.

Results. The research found that (1) balance, hand muscle strength, and leg muscle strength were no different
before the training. Post-training of Tai Chi and resistance band trainings (TCR) of the 4th and the 8th weeks, the
experimental group had the mean of balance, hand muscle strength, and leg muscle strength better than the pre-
training and the differences between the experimental group and the control group were statistically significant
(p<0.05). (2) The experimental group had balance, strength, good flexibility, relaxed body and good mental health.
Conclusions. As regards the benefits to the physical fitness, tai chi and resistance band training (TCR) and
combination exercise improve balance, hand muscle strength and leg muscle strength. This makes the elderly have

good health and physical fitness.

Keywords: tai chi, resistance band training, balance, strength, elderly.

Introduction

Globally, the old people population continues to in-
crease, and their health problems become a big issue as
a result (Choi et al,, 2011; Sun-Young & Yun-Hee, 2021).
The ole people gradually wenken their muscle strength and
muscle tone due to aging, and their muscle mass and basal
metabolic rate decrease (Bechshoft et al., 2016; Brown et al.,
2000). May reduce their ability to perform daily activities,
resulting in health problems (Scott et al., 2015). Whereas
the habit of exercising on a regular basis prevents aging and
increases physical strength, thus reducing the incidence of
disease (Ngandu et al., 2015). It also has a positive effect on
the physical and mental health of the old people, such as

© Nontakhod, K., Chuaibunchum, J., Choktawee Klaharn,
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preventing chronic diseases, improving physical function,
increasing muscle strength, reducing depression, and reliev-
ing stress (Graham & Reid, 2000; Hicks et al., 2003; Sang-
Wan & Ji-Youn, 2020). Therefore exercise is necessary for the
health and physical fitness of the elderly.

Exercise is essential for active healthy aging without
functional impairment (Van Roie et al., 2010; Sun-Young
& Yun-Hee, 2021) and contributes to improving quality of
life (Acree et al., 2006; Atlantis et al., 2004; Daskapan et al.,
2005). Tai Chi Chuan is a valuable exercise for the older
adults (Lida et al., 2018). This type of exercise is a traditional
Chinese exercise, consisting of isometric, aerobic, isotonic,
and meditative movements (Larkey et al., 2009; Tsang et al.,
2003). It may result in improved trunk strength and move-
ment abilities in the elderly (Wolf et al., 1996; Klarod et al.,
2020). Tai Chi Chuan is effective in preventing falls and
improving balance, muscle strength, proprioception, and
endurance in older adults (Hu et al., 2016; Lan et al., 2013;
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Logghe et al.,, 2010) help in the development of proper body
posture control (Vikas et al., 2022; Nontakhod et al., 2022).

Resistance training is an effective exercise modality for
increasing muscle strength and mass, which are important
components of fitness and health (Bird et al., 2005; Winett
& Carpinelli, 2001; Daniel, 2020). Incorporating resistance
training as part of a preventive exercise program can im-
prove flexibility, balance (Lopes et al., 2019), muscle strength
(Kim et al., 2021), and functional capacity in older adults
(de Oliveira et al., 2017; Minjoon et al., 2022).

However, in Southeast Asia little is known about the
combination of Tai Chi and resistance training. This is be-
cause balance and strength play an important role in daily
activities of the elderly. Therefore it is necessary to sum-
marize current knowledge on this topic. As a guideline for
maintaining the health and physical fitness of the elderly to
have a good quality of life.

Materials and methods

Study participants

The participant were 40 elderly females, aged between
62-76years old. They were selected by systematic random sam-
pling, using balance score as the criterion. It was divided into
two equal groups of 20 people each, the Tai Chi and resistance
band training experimental group was trained for 8 weeks,
3 days a week for 60 minutes each day, and the control group
was not trained. Quantitative data was collected by balance
measure, hands muscle strength, and legs muscle strength.
Qualitative data was collected via interviews and participant
observation. The eligible criteria of research participations
(1) The elderly aged between 62-76 years or over, be eligible
to participate throughout the data collection. (2) There were
no underlying or chronic diseases that hindered Tai Chi and
resistance band training. The eligible criteria of research par-
ticipations were not selected (1) The samples got injured and
ill, they couldn’t participate in the training/absence more than
3 times. (2) The samples requested to withdraw and didn't
want to join in the training for a specified time.

Study organization

Researchers collected data by defining the samples to
Tai Chi and resistance band training (TCR), 3 days a week,
60 minutes a day for 8 weeks to perform a balance testing
(Osness Test), hands muscle strength (Arm Curl Test), and
legs muscle strength (30-Second Chair Stand) of pre-train-
ing, post-training of the 4" and the 8" week. Qualitative data
were collected via semi-structured interviews and partici-
pant observation.

Statistical analysis

Quantitative data analysis was performed by testing the
difference of the mean balance, hands muscle strength, and
legs muscle strength. Data were analysed by the different tests
of the pre-training, post-training for the 4" and 8" weeks of
the samples, it was analysed by one-way repeated measures
ANOVA, comparison of differences in pairs of the mean of
each repeated measures. Qualitative data were collected via
semi-structured interviews and participant observation.

Results

The research found that following, (1) Balnace, hand
muscle strength, leg muscle strength before the training was
no different. Post-training of Tai Chi and resistance band
trainings of the 4" and the 8" weeks, the experimental group
had the mean of balance, hands muscle strength, legs muscle
strength better than the pre-training and the control group
were the statistically significant p < 0.05. difference at 0.05.
(2) The experimental group had balance, strength, good flex-
ibility, relax body and good mental health.

Table 1, it could be summarized that the participant
were named pseudonym TY.1 (means the sample 1) aged
between 62-76 years, mean age was 68.2 years, weight was
54.5 kg, height was 151.7 cm., body mass index (BMI) was
23.66, health problems were joint pain and body aches.

Table 1. Characteristics of the participant

Given

name Age Weight Height BMI Health Problems
T.Y.1 71 40 150 17.77 Backache
T.Y.2 68 43 144 20.73 Shoulder pain
T.Y.3 72 45 145 21.40 Frozen shoulder
T.Y4 64 51 160 19.92 Leg pain
T.Y.5 63 55 149 24.77 Leg pain
T.Y.6 75 57 159 22.54 Frozen shoulder
T.Y.7 65 71 160 27.73  Backache
T.Y.8 65 49 147 22.67 Backache
T.Y.9 63 51 156 20.95 Waist pain
T.Y.10 75 49 146 22.98 Knee pain
T.Y.11 72 60 156 25.96 Knee pain
T.Y.12 68 55 152 23.80 Frozen shoulder
T.Y.13 60 71 163 26.73 Knee pain
T.Y.14 68 61 155 23.39 Leg pain
T.Y.15 65 66 153 27.76 Hip pain
T.Y.16 70 59 151 25.87 Shoulder pain
TY.17 74 44 143 21.51 Shoulder pain
TY.18 63 64 146 29.55 Leg pain
TY.19 69 52 149 23.41 Legpain
TY 20 74 49 151 22,71 Leg pain
X 682 545 151.7 23.66

Table 2. Summary of findings

The benefits of tai chi and resistance band training

1. Improved strength and balance
2. Good flexibility

Table 2, could be summarized as follows; 1) More bal-
ance and strength 2) Good flexibility.

The interview and observation could be described as
following.
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More good balance and strength

Tai Chi and resistance band training are the movement
of the exercises of the core muscles that take a long time to
move and must maintain balance while stillness or move-
ment. When training Tai Chi and resistance band will affect
more balance and strength, as the sample TY.2 said that “In
the past, there was no much strength, easily tried, after train-
ing, I was strong” in accordance with TY.9 said that “In the
past, I couldn’t walk for a long time, hands pain, legs pain,
maybe there was a stagger. But it’s okay now, I don’t feel tired,
get stronger, whenever I walk it balances” Likewise, TY.11
stated that “When I trained Tai Chi and resistance band, it
was comfortable to walk like stronger muscles. I don't feel
tired like the past”. TY.12 supported that “In the past, each
work was easy to get tired, not much energy, but when I of-
ten get training, I don’t feel tired. Maybe my children have to
tell me to take a break” TY.15 summarized that “In the past,
I went to buy my stuff, I had to stop several times, sometimes
I staggered, arms and legs are powerless, it was difficult to
walk. After I trained Tai Chi and the resistance band I could
walk comfortably, no stagger anymore. I don't even know
where to walk without concentration”

Good flexibility

Tai Chi training is a continuous movement of the body.
This makes muscles and joints moves in more angles and di-
rections, whereas resistance band training improves muscles
and joints stronger. As the sample TY.7 said that “First, the
muscles and bones didn't stretch, didn't lift it up, later the
post-training made me better”. TY.8 supported that “Firstly,
I couldn’t stand up, but when I often trained Tai Chi and
resistance band, I could lift it up the hands and legs easily”.
TY.16 summarized that Tai Chi and resistance band train-
ing, firstly, have not been done by me before, hands and leg
couldn’t lift it up, the post-training later could be done by me
easily, it was very comfortable to stand up”. It was consistent
with the observation that was found that the samples trained
Tai Chi and the resistance band improved more flexibility
such as both hands put down in the land, and the resistance
band training improved the upper arms and lower muscles
groups.

Quantitative data analysis was performed by testing
the difference of the mean balance, hands muscle strength,
and legs muscle strength. Data were analysed by the differ-
ent tests of the pre-training, post-training for the 4™ and 8
weeks of the samples, it was analysed by one-way repeated

200
150
100 [ Age (Year)
50 @ Weight (Kg)
0 T H Height (Cm.)

Control Group Experimental
Group

Fig. 1. Comparison results of the mean age, weight
of the control and experimental group.

measures ANOVA, comparison of differences in pairs of the
mean of each repeated measures.

Figure 1 shows the comparison results of the mean age,
weight of the control and experimental group. Mean + Stan-
dard Deviation. The mean difference was ststistically signifi-
cant between the groups, p < 0.05*. The mean was statisti-
cally different within the group, p < 0.05*

Figure 2 shows the comparative results of the average
balance before training. After the 4™ week of training and
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Fig. 2. Comparison of the averge balance before training. After
the 4th week of training and after the 8th week of the control and
experimental groups (p < 0.05%).

after the 8" week of the control group and the experimental
group. Mean * Standard Deviation. The mean difference was
statistically significant between the groups, p < 0.05*. The
mean was statistically different within the group, p < 0.05*.
Figure 3 show the comparative of the average arm mus-
cle strength before training. After the 4™ week of training and
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Fig. 3. Comparative of the average arm muscle strength before
training. After the 4th week of training and after the 8th week of
the control group and the experimental group (p < 0.05*).
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Fig. 4. Comparative results of the averge leg muscle strength
before training. After the 4th week of training and after the 8th
week of the control group and the experimental group (p < 0.05%).

after the 8" week of the control group and the experimental
group. Mean + Standard Deviation. The mean difference was
statistically significant between the groups, p < 0.05*. The
mean was statistically different within the group, p < 0.05*.
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Figure 4 show the comparative results of the averge leg
muscle strength before training. After the 4" week of train-
ing and after the 8™ week of the control group and the ex-
perimental group. Mean + Standard Deviation. The mean
difference was statistically significant between the groups,
p < 0.05*. The mean was statistically different within the
group, p < 0.05%.

Discussion

This study demonstrated that the balance, hand muscle
strength, leg muscle strength before training was no differ-
ent. After the 4™ and 8™ weeks of training, participants in
the TCR group showed balance, hand muscle strength, and
strength. and leg muscle strength was significantly improved
compared to the control group. Which could be attributed to
the Tai Chi and resistance band training (TCR). In this study,
including helping to relax and good mental health. This is
consistent with the study by Nontakhod et al. (2022) the
training of physical activity with Qi Gong and Ruesi Dadton
(RSD) in conjunction with massage can increase balance.
Arm and leg muscle strength. It was consistent with Nontak-
hod et al. (2021) who found that the physical activities such
as Qigong, Yoga and stretching could have a positive impact
on health. That is the person would have 1) good health in-
cluding good balance, flexibility, improved breath, reduced
arches; 2) good health; 3) more socialization and 4) bet-
ter concentration. It was consistent with Chen et al. (2012)
stated about the study of Tai Chi training in elderly with
visual impairment. It was found that the elderly were able
to stabilize more. Make the elderly not fall easily It can help
improve balance in older people. Another study on physical
activities to elderly that found qigong training combined
with yoga had a positive effect on the health of the elderly.
Improve the overall physical, mental, social and intellectual
health of the elderly. and reduce the fear of falling due to
strong legs and good balance (Saetae et al., 2018) Consis-
tent with Thaiprasert et al., (2019) said that Yoga training
and nine square tables made the elderly healthy, physically,
mentally. Socially, and memory, the fear was reduced due
to having a good balance. The favorable effects of Qigong
training on strengths are consistent with previous studies
demonstrating significant improvements of knee extension
strength after Tai chi training in elderly subjects (Christou
etal,, 2003; Lan et al., 2000; Song et al., 2014; Wolfson et al.,
1996; Klarod et al., 2020). In terms of muscle strength, par-
ticipants in the TCR group Meanwhile tai chi and resistance
band training (TCR) from this training. The use of elastic
bands to provide resistance during exercise for older adults,
is considered safe and pratical (Hofmann et al., 2016; Rahim
et al., 2021). The effectiveness of elastic bands in resistance
training was proven to lead to a significant improvement in
lower limb function, especially leg strength (Motalebi et al.,
2018). This is consistent with the study by Minjoon et al.,
(2022) sais that an elongation band (EB) is used to improve
the physical strength of older adults. In conclusion, EB ex-
ercises increased upper limb muscle strength, shoulder joint
range of motion, and grip strength in older adults. It was
consistent with Krabuanrat and Supaporn (2014) said that
the exercise with the resistance band with nine square and
stretching activities (RMS) improved good health. In ad-
dition, physical activities from tai chi, chiqong and yoga

can help seniors gain strength and balance. can adjust the
balance and reduce the fear of falling (Kim et al., 2014; Sae-
tae & Supaporn. 2016). Including sensation of physical and
psychological relaxtion (Miller & Taylor-Piliac, 2014; Zhao
etal., 2017; Lida et al., 2018).

Conclusions

Tai Chi and resistance band training (TCR) application
and combination forms of physical activity, to development
balance hands muscle strength and legs muscle strength, this
makes the elderly have better health than Tai Chi Training
alone. Tai Chi and resistance band training is considerd as
an alternative activity suitable for physical conditions for the
elderly to have good health and physical fitness.
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BMJIUB 3AHATb TANL3U TA TPEHYBAHb 3 ECNAHAEPOM
HA PIBHOBATY TA CUJTY IIOAEN MOXUNOIO BIKY

Kpirneu Honrakxon'A“PE, EpaBar Uyai6ynuym'®”, YokraBe Knaxapu'®P,
Herinxo IIxyncanr'®?

'VuiBepcuter bypipam Pampxabxat

ABTOpPCHKMIT BKTAJ;: A — Am3aitH gocnipkenHs; B — 36ip ganux; C - crarananis; D — migroroska pykormucy; E — 36ip komtis

Pedepar. Crarts: 7 c., 2 Tabn., 4 puc., 51 mxeperno.

Merta gocmigxenns. JJoCTiPKeHHA Majio Ha METi BUBYMTH BIUIUB 3aHATD TAIL3) Ta TPEHYBAHb 3 €CIIaHJEPOM Ha piBHOBary
Ta CUJTY JIITHIX IO,

Martepianu Ta MeTOgM. YYaCHULAMM JOCTiIPKeHHA 6ym/[ 40 miTHIX XXIHOK BiKOM Bif 62 10 76 pokiB. Bonu 6ymu Binibpasi
IJIAXOM CUCTeMaTUYHOI BUMIAJIKOBOI BUGIPKY 32 KpuTepieM olinku pisHoBaru. [x possiinwiu ua isi pisni rpymum o 20 oci6 y koxk-
HilT, a caMe: eKCIIepYIMeHTaIbHY IPYITy 3 TalII3) Ta TpeHyBaHHAMN 3 ecmaHfiepoM (TCR) TpenyBamu nporarom 8 TkHIB, 3 AHI Ha
TYDKJIEHD 110 60 XBIM/IMH KO>KHOTO JIHS, @ KOHTPO/bHY rpyiry (C) He TpeHyBami. YYacHUII 3TOIOCHIMCA HifmcaTy popMu 3roam
Ha y4acTb y 1iboMy gocmimpkeHHi. KinbkicHi gani 36mpany HULIXOM BUMIPIOBAaHHs PIBHOBATH, CYJIM M 513iB PyK i M’s13iB Hir. SIKicHi
HaHi 361pa/n MIIAXOM {HTEPB’I0 Ta CHOCTEPEKEHH 32 YYaCHULIAMMI.

PesynbraTu. JlocmimKeHHs I0Ka3ao, 1o (1) piBHOBara, ciia M's131B pyK i M's13iB HIr He BifpisHsnucs 1o TpenyBanHs. [Ticys
TpeHyBaHH: Talll3n Ta TpeHyBaHH: 3 ecriangepoM (TCR) Ha 4-My Ta 8-My TIDKHAX eKCIIepMMeHTa/IbHa IPyIla Majla CepefiHe 3Ha-
YeHHsA piBHOBArM, CYIM M A3iB PyK Ta CHIM M A3iB HIT Kpallle, HK Iepefi TPeHYBaHHAM, 1 BifMiHHOCTI Mi>K eKCIlepyIMEHTaTbHOIO
Ta KOHTPOJIbHOIO IpyIamMu Oy cTaTucTuyHo 3Hauyummu (p<0,05). (2) ExcriepumenTanbHa rpyla Majia piBHOBAry, CULy, FapHy
THYYKiCTb, po3ciabieHe Tilo Ta rapHe ICUXiuHe 3[0pOB .

Bucunosku. IIlo crocyerbest KopucTi st GisudHol popmu, 3aHATTSA TaiL3K Ta TpeHyBaHHA 3 ectangepoM (TCR) i kombino-
BaHi BIIpaBy HOKPAI[YIOTh PIBHOBATY, CUTy M SI3iB PyK i M'A3iB Hir. 3aBJAKY 1[bOMY /TIOAM IIOXMIOTO BiKy MalOTh MiljHe 3/JOPOB’A
ta rapuy ¢isnuny dpopmy.

Knrouosi cnoBa: Taiilsy, TpeHyBaHHA 3 €CIIaH[IePOM, pPiBHOBAra, CUJIa, TIOfIM IOXUIOTO BiKY.
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Abstract

Study purpose. Physical education, sports and health for elementary school students are oriented to learning
locomotor movements, so learning these skills requires fun activities, such as games. This research aims to develop a
basic locomotor learning model based on a small game competition for elementary school students.

Materials and methods. This study used a research and development approach using ADDIE model. This research
was carried out in three elementary schools, namely: Elementary school 22 Gelumbang, Elementary school 11
Gelumbang and Elementary school 2 Lembak. Data were collected using observation, interview, questionnaire,

and test. The questionnaire instrument used in this study was the Guttman scale questionnaire because of using the
Guttman scale. Expert judgments were used to analyze the product.

Results. The model can be applied in all elementary schools in the territory of Indonesia because product
development has referred to competencies and learning outcomes in the 2013 curriculum. There are four types of

games that have been developed for learning locomotor skills, namely 1) jump rope game, 2) watch out for crocodiles,
3) continuous running game, and 4) box jump game. Each game has different locomotor skill movements, including
walk, run, slide, leap, gallop, skip, jump, and hop. Based on the effectiveness aspect, the results of the product trial
show that the ‘wary crocodile game’ is a game that is in great demand and favored by students.

Conclusions. The locomotor skills learning model for elementary school students based on small game competitions
has been feasible and effective for use in sports and health physical education classes. This model can also be applied
in all elementary schools in the territory of Indonesia because product development has referred to competencies and

learning outcomes in the 2013 curriculum.

Keywords: basic locomotor, elementary school, learning model, small games.

Introduction

Physical education is an important part of the overall
education system. Physical education is a medium to en-
courage the development of motor skills (basic movements),
physical abilities, knowledge, reasoning, appreciation of val-
ues (attitude, mental, emotional, and social), and habituation
of healthy lifestyles that lead to increased balanced growth.
and development (Young et al., 2021; Carson Sackett & Ed-
wards, 2019). In developing concepts with various teaching
methods, the material is given during physical education
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learning (Hartati et al., 2019). Physical education is the oc-
currence of learning through physical activity by designing
so that physical fitness, knowledge, healthy living behaviour,
being active, sportsmanship, emotional intelligence, devel-
opment skills and motor skills can be improved (Silva et al.,
2019). Physical education learning at the education level is
found in elementary schools, junior high schools, and high
schools (Montero-Carretero & Cervello, 2020).

Physical education material contained in elementary
schools is about learning basic movements. Regulation of the
Minister of Education and Number 67 of 2013 concerning
the Basic Framework and Curriculum Structure of Elemen-
tary Schools/Madrasah Ibtidaiyah states that one of the char-
acteristics of the curriculum is designed to develop attitudes
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(affective), knowledge (cognitive) and skills (psychomotor) and
their application in various situations in schools and schools.
school. Public. The structure and curriculum of physical educa-
tion in sports and health in existing primary schools have the
characteristics of basic technical skills from various sports.
The 2013 curriculum at the elementary school level is
used thematically integratively for learning physical educa-
tion subjects (Hartati et al., 2018). The basic technical skills of
this sport will be mastered by students if they have mastered
the basic movement skills first. Motor skills are a process of
developing a persons ability to move which is controlled by
the brain through the interaction of various parts and systems
in the body (Ayubi & Komaini, 2021) Basic movements are
skills that involve the brain, muscle strength involving the
arms and legs that are used to achieve an exercise or move-
ment, such as throwing a ball, visiting, or jumping through air
movements, or maintaining balance (Komaini et al., 2021).
Motor skills are divided into two, namely fine motor skills and
gross motor skills. Through various activities including motor
skills, physical education learning in elementary schools will
train children to learn various movement skills in the form of
games, athletics, and gymnastics (Dapp et al., 2021).
Elementary school 22 Gelumbang has implemented
the 2013 curriculum, therefore researchers analyzed core
competencies and basic competencies. After that, analyze
student needs, student characteristics, and facilities to sup-
port the learning process in Physical Education subjects. The
results of the preliminary analysis are the observations of re-
searchers in the field during the physical education learning
process, learning basic locomotor movements in fifth-grade
students still uses the teacher method (theory) and demon-
stration (practice). After that, the researcher conducted an
interview with one of the physical education subject teach-
ers at Elementary school 22 Gelumbang, the information
on learning problems obtained by the researcher included:
(1) the teacher’s inability to explain basic movement materi-
al, especially locomotor basic movements (2) the inability of
students to accept learning material basic locomotor move-
ments (3) students prefer to play rather than pay attention to
the teacher’s explanation. Most students do not like the basic
locomotor movement material, because the characteristics of
elementary school children prefer to play and move actively.
Reviana et al., (2021) in their journal has the same prob-
lem, namely, students do not like learning basic movements
because they feel bored with the applied learning model.
In line with research by Hernawan et al. (2019) in his re-
search to overcome this problem, the researcher used the
development of a locomotor basic movement learning mod-
el for elementary school students using PACEF (Produc-
tive, Active, Creative, Effective and Fun). For elementary
school students, mastery of locomotor skills can also be done
through throwing and catching activities (Jaakkola et al.,
2019). In addition, physical activity such as aerobic fitness
exercise can be used as a medium to improve the basic motor
skills of elementary school students (de Bruijn et al., 2019;
Grissmer, Grimm, Aiyer, Murrah, & Steele, 2010; Logan,
Kipling Webster, Getchell, Pfeiffer, & Robinson, 2015).
Various studies have shown that basic movement skills
competence and moderate to vigorous physical activity are
opportunities for locomotor movement skills (Cohen, Mor-
gan, Plotnikoft, Callister, & Lubans, 2014; Han, Fu, Cobley,
& Sanders, 2018; Webster, Martin, & Staiano, 2019). Because

children who cannot master FMS are more likely to experi-
ence fajlure in the motor domain movement in games and
sports is also impaired (Hardy, King, Farrell, Macniven, &
Howlett, 2010; Bryant, Duncan, & Birch, 2014; Shams, Har-
dy, Vameghi, Loovis, & Shamsipour Dehkordi, 2021). In ad-
dition, FMS is the basis of early motor markers, especially for
autism spectrum disorders (Gandotra et al., 2020)

From previous research, it is illustrated that locomotor skills
can be trained with various physical activities. One of the ac-
tivities that can provide fun stimulation for children to practice
their locomotor skills is games. This is the gap to be presented
in this game. Games (small games competitions) for the devel-
opment of learning models for students” basic locomotor skills
in elementary schools. The design of this learning model was de-
veloped by the 2013 Curriculum Basic Competencies in sports
and health physical education lessons for elementary school stu-
dents. The design of this model is also a new approach to loco-
motor skills activities. While the basic reason for implementing
this research is the need for the development of learning models
for basic locomotor skills by the use of the curriculum, student
backgrounds, and learning needs by current scientific develop-
ments in the field of physical education and sports.

Thus, the purpose of this study was to develop a basic
locomotor learning model based on small game competitions
for elementary school students. The development of this learn-
ing model is expected to be a good, effective, fun learning, and
make students more active in the teaching and learning pro-
cess of basic movements to achieve physical education learn-
ing objectives. In addition, this model also allows students to
receive basic locomotor movement learning with a new model
and by student characteristics, namely, students love to move
and play. This means that playing activities become physical
learning. Teachers and students are expected to be motivated
to learn the basic locomotor movements taught by the teacher
which can have an impact on improving motor skills.

Materials and methods

This study used a research and development approach.
It is used to produce certain products and tests their
effectiveness these products (Creswell, 2012; Gall et al,,
2010). It is used to create a new model for locomotor skills
learning using small games competition. This research was
carried out in three elementary schools, namely: Elementary
school 22 Gelumbang, Elementary school 11 Gelumbangand
Elementary school 2 Lembak. This study used the ADDIE
model (Branch, 2010). The stages of the ADDIE model to
develop a small game competition-based locomotor skills
learning model are described as follows.

Stage 1: Analysis is used to
identify the situation and
needs of the locomotor skills
learning model using a small
game competition

Stage 3: Product
development is used to
assess the product by
experts as an initial
assessment stage

Stage 5: Evaluation

is used to assess the
product by expert in
order to get the final
model

f f !

Stage 2: Design
the learning
model of
locomotor skills

Stage 4:
Implementation is used
for product trials in
small and large groups.

Fig. 1. The Steps of research adapted from the ADDIE model
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Table 1. Dimension Movement for Basic Locomotor Skill Instrument

Locomotor Skills Indicators

Walk The eyes view are straight forward, the hands are swinging back and forth, the body position is upright, and the
feet move forward alternately

Run Straight forward view, relaxed body position and leaning forward, hands swing back and forth alternately, knee
position raised with both feet moved quickly and flying towards the front.

Slide The body moves sideways, the eyes look horizontally, the arms move following the movement of the body, and the
legs are not crossed

L Both legs are raised, moving forward alternately for several steps and then jumping and preceded landing on one

eap o . . .

leg, swinging hands following body movements, and straight eyesight.
In a straightforward view, the position of the foot is lifted alternately and moves forward, relaxing the body, the

Gallop o
position of the hand follows body movements

. The feet jump alternately (up and down), the position of the body upright moves to float, a straightforward view,

Skip . .
and the hand swings following the body movements.

Jum The position of the body is lifted and moves from one place to another place, hands are swinging forward following

P body movements, feet are raised forward (down and up) quickly, and knees are bent when landing.
H One of the legs is lifted alternately and moves forward, one hand straight up opposite the leg raised, body position
op ) . . A

is upright, and when landing begins with one leg as a pedestal

Participants

The participants were students from three elementary
schools was around 50 students and 10 teachers. Besides, the
expert was learning media experts, curriculum experts, and
locomotor and sports learning experts.

Measures

The data used in the study are 1) observation used for
problem identification and to determine the effectiveness
of product trials in the field. 2) Interviews were used to
analyze students’ perceptions of the practicality of using a
game-based locomotor motion learning model. 3) Ques-
tionnaires are used to obtain an analysis of the needs of the
basic locomotor movement model from students and teach-
ers. Questionnaires were distributed to students (N=100)
and teachers (N=10). The questionnaire was designed using
a closed questionnaire type and participants had to choose
the answers that had been provided related to the questions.
The questionnaire instrument used in this study was the
Guttman scale questionnaire because by using the Guttman
scale the researchers got clear answers from students and
teachers. Questionnaires were also used for product assess-
ment by teachers. The model validation uses expert judg-
ment consisting of learning media experts, curriculum ex-
perts, and locomotor and sports learning experts. 4) The test
is used to determine the increase in student locomotor skills
learning activities before and after using a small game com-
petition. Researchers use correlation tests to see the relation-
ship between pretest and posttest during product testing.
The questionnaire used to analyze the need for locomotor
skills was distributed to 100 students and 10 physical educa-
tion and sports teachers. The results of the needs analysis are
presented in percentages. The following is the questionnaire
of needs analysis of the locomotor skills model (Sari, 2019);

Results

Needs Analysis and Design

In this initial product development stage, the researcher
first analyzed the goals and practice of the product in the
form of a small game aimed at training elementary school

students’ basic movements. Then the researchers analyzed
the character of the students, the target students were ele-
mentary school children. In the analysis, elementary school-
aged children are very happy to play, love to move, enjoy
group activities, and enjoy hands-on practice. The main pur-
pose of physical and health education is to increase life-long
physical activity and encourage the physical, psychologi-
cal and social development of students. The initial product
developed by the researcher was a game to watch out for
crocodiles, a continuous running game, a box jump game
and a jump rope game.

The result of locomotor skills learning needs for elemen-
tary school students is explained in the following table 2.

Table 2 shows that the small game competitions that
students want and need in order are 1) jump rope game,
2) watch out for crocodiles, 3) continuous running game,
and 4) box jump game. Of the four games, there are eight
basic locomotor skills required. Meanwhile, each small game
competition has a different orientation of locomotor skills.

Table 2. The Result of Needs Analysis

Types of Competition Types of Locomotor Students Teacher

Small Games Skill % %
Watch out for Walk, Run, Slide,
. 77 90
crocodiles Leap
Continuous running Walk, Run 65 70

game

Gallop, Skip, Jump,

Box jump game Hop 60 70
Walk, Run, Slide,

Jump rope game Leap, Gallop, Skip, 90 90
Jump, Hop

Development, Implementation, and Evaluation of Product

Researchers used a validation sheet that was used to as-
sess whether the design of the locomotor basic movement
learning model would be more effective than before or not.
The results of the small game product assessment have an
average of 80% with a “good” rating category. Based on this
assessment, it can be concluded that the small game product
is feasible and ready to be used in further research. In ad-
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dition to the assessment, the validator also provides sug-
gestions and comments regarding the small game product
developed by the researcher. Suggestions and comments that
are corrected by the validator will then be used as the basis
for researchers to improve the product, to produce a product
that is worthy of being tested at a later stage. The validator
suggests that each game is equipped with media or facilities
that can be obtained easily so that this game can also be
played by students at home.

Based on the results of the small group effectiveness
test conducted on the fifth-grade students of Elementary
school 22 Gelumbang, Elementary school 11 Gelumbang
and Elementary school 2 Lembalk, totalling 20 people, it can
be seen that the small game product that the researcher de-
veloped is quite effective for use in the physical education
learning process in elementary schools. In the watch game,
there is a crocodile, there is a 50% increase in the results of
the pretest and post-test differences, then in the continuous
running game there is a 70% increase in the results of the
pretest and post-test differences, then in the box jump game
there is a 30% increase in the results of the pretest and post-
test differences, and finally, in the jump rope game, an 80%
increase was seen from the difference between pretest and
posttest. After conducting a small group effectiveness test,
the researchers then conducted a large group test.

Based on the results of the large group effectiveness test
conducted on the fifth-grade students of Elementary school
22 Gelumbang, Elementary school 11 Gelumbang and Ele-
mentary school 2 Lembalk, totalling 50 people, it can be seen
that the small game product that the researcher developed is
considered effective for use in the physical education learn-
ing process in elementary schools. In the watch game, there
are crocodiles, there is a 60% increase in the results of the
pretest and post-test differences, then in the continuous run-
ning game there is a 60% increase in the results of the pretest
and post-test differences, then in the box jump game there is
a42.4% increase in the results of the pretest and posttest dif-
ferences, and finally, in the jump rope game, there was a 35%
increase from the difference between pretest and posttest.

The following is the final learning model of locomotor
skills using competition small games.

Discussion

The locomotor basic movement learning model is based
on small game competition in small and large group trials,

1. The goal for each game
2. Preparing the material and
media

. 3. Delivery the goal
Watch out Continuous e

for running
crocodiles game

4. Dividing students into
several group (students’

ability)

5. Giving  students  the
instruction of small games
Box jum Jump rope
Jump p rop and example of locomotor
game game E—
movement
“Walk, Run, Slide, 6. Evaluation the games
Leap, Gallop, Skip, o
Jump, Hop 7. Giving awards to the
J L group that managed to win
J

in the game

Fig. 2. Syntax of Small Games Competition for Locomotor Skills
Learning Model

and peer assessment and the experts show the valid model.
The results of the assessment of game product drafts in small
group trials and expert validators obtained an average per-
centage of 86%. The validation results that have been as-
sessed by the validator (learning media experts, curriculum
experts, and locomotor and sports learning experts) and
small game-based locomotor basic movement learning are
included in the good or valid category and can be contin-
ued for small group trials. Validation is considered fulfilled
if the instrument has been designed well, and the validation
is tested by experts (Faizah et al., 2019).

Based on the results of the small group effectiveness test,
it can be seen that the small game product that the researcher
developed is considered effective for use in the physical edu-
cation learning process in elementary schools. In the watch
out for crocodiles game, there is a 50% increase in the results
of the pretest and post-test, then in the continuous running
game there is a 70% increase in the results of the pretest and
post-test differences, then in the box jump game there is a
30% increase in the results of the pretest and posttest dif-
ferences, and finally in the jump rope game showed an 80%
increase from the difference between pretest and posttest.

The results of the research conducted are in line with
previous research conducted by Reviana et al. (2021), this
research has problems in following the learning process be-
cause they admit to being bored with physical education
lessons so that students have difficulty in improving basic
movement skills. The purpose of holding this research is
to solve the problem by applying an interesting learning
method for students, namely using the play method. This
research provides a solution to the problem of boredom in
the learning process and improves the quality of learning
to achieve learning objectives. This research is in line with
research conducted by Harvey et al. (2021) in his research,
who tried to develop a game-based skill learning model for
elementary school children. Research from Hanief (2021)
forms the basic movements of elementary school students
in the form of clogs, Sodor carts, and forts that have a close
relationship with the intellectual, social, and character devel-
opment of children.

The results of the assessment of the product draft of de-
veloping a small game-based locomotor basic motion learn-
ing model for large group trials from the validation of ex-
perts obtained an average percentage score of 88%. It means
the accuracy of a test tool or scale in carrying out its mea-
surement function (Rodriguez Mantilla & Fernandez Diaz,
2015). The product draft of the locomotor basic movement
learning model based on small games has been validated and
revised by an expert validator, so a large group trial is carried
out in elementary schools. Based on the results of the large
group effectiveness test, it can be seen that the product is
considered effective for use in the physical education learn-
ing process in elementary schools. In the watch game for
crocodiles, there is a 65% increase in the results of the pretest
and post-test differences, then in the continuous running
game there is a 60% increase in the results of the pretest and
post-test differences, then in the box jump game there is a
42.5% increase in the results of the pretest and posttest dif-
ferences, and finally, in the jump rope game, there was a 35%
increase from the difference between pretest and posttest.

This research has a mission to develop a basic locomo-
tor learning model for elementary school students in Class
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VI that supports productive, active, creative, effective and
fun learning in the learning system of Physical Education,
Sports and Health in school. In addition to increasing stu-
dent activity, small games in the form of “watch out for croc-
odiles”, continued running, box jumping, and rope jumping
can increase students’ motivation to learn (Irfandi & Rah-
mat, 2016’; Palmizal et al., 2020). Researchers tried learning
through play for the development of creativity and cognitive
early childhood (Nurjanah & Wahyuseptiana, 2018).

The interesting thing that researchers found was that
students liked small game-based learning in the form of
“watch out for crocodiles” and continued running, box
jumping and rope jumping seen from the enthusiasm shown
by students and students focused on learning basic locomo-
tor movements seen from the focus of students listening to
instructions teacher or researcher and from the activeness
of students because they are excited when playing. Each in-
struction given in this learning model has been adapted to
the learning outcomes of the 2013 curriculum. This means
that the development of this small game-based locomotor
skills learning model has a context that is in line with the
2013 curriculum so that it can be used by all regions in In-
donesia. Every movement of the game also shows the tradi-
tional games that are often played by children in Indonesia.

Thus, learning basic locomotor movements that ap-
pear in traditional games provides a comfortable learning
environment for elementary school children and is easy to
socialize (Awalludin Nugraha et al., 2018). In addition, the
games used in learning locomotor skills also simultaneously
build students’ motor creativity (Roslan & Abdullah, 2020).
There is an interactive diversity made by students in every
movement made during game activities, so this condition
can have a positive impact on their physical, emotional and
cognitive development (Oboeuf et al., 2020). The physical
and motor development of each child during the product
trial showed a level of difference, but overall this small game-
based locomotor skills learning model had a significant ef-
fect on improving locomotor skills.

Conclusions

The results of the research and development data analy-
sis that have been carried out conclude that the locomotor
skills learning model for elementary school students based
on small game competitions has been feasible and effec-
tive for use in sports and health physical education classes.
This model can also be applied in all elementary schools in
the territory of Indonesia because product development has
referred to competencies and learning outcomes in the 2013
curriculum. There are four types of games that have been de-
veloped for learning locomotor skills, namely 1) jump rope
game, 2) watch out for crocodiles, 3) continuous running
game, and 4) box jump game. Each game has different loco-
motor skill movements, including walk, run, slide, leap, gal-
lop, skip, jump, and hop. This means that each game can have
one or more or even all the moves that have been identified
during the needs analysis activity. This small game-based
locomotor basic movement learning model can motivate
students to carry out basic locomotor movement learning
activities. Based on the effectiveness aspect, the results of the
product trial show that the “wary crocodile game” is a game
that is in great demand and favoured by students. The results

of the tests conducted, also show that the type of game that
watches out for costs has the highest percentage.

These findings also have advantages and disadvantages.
The advantages of small games in learning locomotor skills
are 1) the types of movements that are carried out are move-
ments that are carried out every day by students in their
playing activities, and 2) four types of small games are de-
signed to have the same concept as various traditional games
such as hide and seek, jump rope, sack racing, crankshaft,
jump rope, and so on. 3) Learning instructions are made
simple and easy to understand by students. However, the
drawbacks of this game are the trials carried out in only one
area and the less diverse types of small games. Therefore,
this research can still be developed by further researchers
such as developing more diverse types of games, such as
traditional and modern games or multimedia technology
that can complement games for locomotor skill movements.
The results of this study also have an impact on the diversity
of physical education and sports learning models in schools,
especially for learning locomotor skills.
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BUKOPUCTAHHA 3MATAHb Y MAJIUX ITPAX Y MOYATKOBIU LUKOJII

Xaprari'*®, Hinin Bigpsax Kycnanix®¢, Baro Xappiitono*°?, Vionki SIpminam'c

"Vuisepcuret CpiBimkas

*CypabaiicbKuil iep)KaBHMII YHIBepCUTET

*YuiBepcuret bina [lapma

ABTOpPCHKNMIT BKIAJ: A — Au3aiiH gocnipkenHs; B — 36ip ganux; C — cratananis; D — migroroska pykorcy; E — 36ip komrtis

Pedepar. Crarts: 7 c., 1 Tabn., 2 puc., 35 mxepernt.

Merta pocnipxenHs. OisuuHe BUXOBAHHS, CIIOPT i 3J0POB s /141 YYHIB II0YaTKOBYUX K/IaCiB CIPAMOBaHI Ha BUBYEHHS IOKOMO-
TOPHUX PyXiB, TOMY HaBYaHHA LIMX HABUYOK BMMArae I[ikaBMX 3aHATb, HAIIPpUKIIaf irop. Lle mocmifykeHHA Ma€e Ha MeTi po3poouTH
0a30BY IOKOMOTOPHY MOJie/Ib HABYAHHSI Ha OCHOBI HEBE/IMKIX irpPOBYX 3MaraHb IS Y4HIB I04aTKOBOI IIKOJII.

Marepianyu Ta MeTOM. Y LIbOMY JOCTiXKeHHI BUKOPUCTOBYBAIM HifXifi JOCII/PKEHHS Ta PO3POOKM 3 BUKOPUCTAHHAM
mopeni ADDIE. Ile mocmigkeHHs 6yno MIPOBEJIEHO B TPhOX ITOYATKOBMX IIIKO/AX, @ CaMe: II0YaTKOBa MIKoja Ne22 micra FenyM6aHr,
noyarkosa mkosma Nell micra lemym6aHr i movaTrkoBa mkona Ne2 micra Jlembax (Ingonesis). [Jaui 361paiy 3a TOIOMOTIOIO CIIO-
CTepe)XeHHsI, IHTepB 10, aHKeTYBaHH Ta TeCTYBAHH. [HCTPYMEHTOM aHKeTYBaHHSL, SIKUIT BUKOPMCTOBYBA/IN B I[bOMY JOCTIIKEH-
Hi, OyB ONMUTYBaJIbHNUK 3a LIKA/IOK [yTMaHa yepe3 BUKOPUCTAHHA IIKamu IyTmaHa. [ aHasisy NpOAYKTY BUMKOPUCTOBYBAIN
€KCIIePTHI OLiHKI.

Pesynpraru. 1110 Mofe/p MOXXHA 3aCTOCOBYBATH B YCiX MOYATKOBMX IIKO/IAX HA TepUTOpil [H/0He3il, OcKilbKHU po3pobKa 1mpo-
IYKTY CTOCYETbCS KOMIIETEHIIill i pe3y/lbTaTiB HaBYaHHA B HaBYa/IbHiil mporpami 2013 poky. IcHye woTupu Tunu irop, sAki Oymm
po3po0bieHi I BMBYEHHS TOKOMOTOPHMX HaBUYOK, a caMe: 1) rpa B CTpUOKM depe3 CKaKaJIKy, 2) Ipa B CTEKEHHA 3a KPOKOJM-
nmamu, 3) rpa B 6esnepepBHuii 6ir i 4) rpa B cTpubxy 3 Kopooku. KoxxHa rpa nepen6adae pisHi pyxoBi HaBUUKH, 30KpeMa XOfib0Y,
6ir, oOepexxHNIT ITaBHMIT PyX, IlepecTprOyBaHHS, TJIOIL, TlepeCKaKyBaHH:, CTPUOKI, MiICKaKyBaHH:. 3 OI/IANY Ha acleKT edek-
TUBHOCTI, pe3y/IbTaTy BUIPOOYBaHH:A IIPOAYKTY MOKA3YIOTh, 10 «Ipa B 00epeXHOTr0 KPOKOAMIa» — Iie IPpa, sIKa KOPUCTYEThCA
BE/IVMKMM IONMTOM i IPUXM/IbHICTIO YYHIB.

BucnoBku. Mogiennb HaB4aHHA IOKOMOTOPHMX HAaBMYOK /Il YYHIB ITOYATKOBOI IIKO/IM HAa OCHOBi HEBEMKUX irPOBUX 3Ma-
TaHb BYUSBIIACS IIPAKTUYHO 3MIiIICHEHHOIO Ta e()eKTUBHOIO J/Isl BUKOPUCTAHHA Ha YPOKaX CIIOPTUBHO-0340POBYOr0O Bi3MaHOrO
BUXOBaHH:A. 1[I0 MOJIe/Ib TaKOX MOYKHA 3aCTOCOBYBATH B YCiX MOYATKOBMX LIKOJIAX Ha TepurTopil IHTOHesii, ocKibku po3pobka
IIPOAYKTY CTOCYETbCA KOMIIETEHILiN i pe3ynbTaTiB HaBYaHHA B HaBYa/IbHil nporpami 2013 poky.

KnrouoBi croBa: 6a30Buii 10KOMOTOPHMIA, II0YATKOBA IIIKOJIA, MOJIe/Ib HAaBYAHHS, MaJli irpul.
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Abstract

Background. Resistance-trained males aim to increase their overall health, strength and fitness level. Many
resistance-trained males aiming to increase their strength neglect the muscles that stabilize the scapular and
glenohumeral joints. The shoulder joint is among the most frequently injured areas in resistance-trained males.

In addition, strength training displays different effects in young and old individuals.

The study purpose was to investigate the effects of stability and mobility exercises on range of motion, posture and
body awareness in resistance-trained males with shoulder immobility.

Materials and methods. Thirty-two resistance-trained males diagnosed with shoulder immobility were divided into
two groups according to their age ranges (G1: Adult, G2: Young Adult). The program consisting of mobility and
stability exercises was applied 3 days a week for 8 weeks. The participants were evaluated with a universal goniometer,
the New York Posture Rating, and the Body Awareness Questionnaire before and after the treatment lasting 8 weeks.
Results. Following the 8-week treatment, improvements in body awareness and range of motion were observed in all
participants (p<0.05). There were improvements in the scores of the New York Posture Rating and Body Awareness
Questionnaire in both groups, but they were not statistically significant (p=0.05).

Conclusions. An exercise program combining stability and mobility exercises was applied to resistance-trained
males with shoulder immobility and it was observed to have positive effects on the range of motion of the joint, body
awareness and posture. We are of the opinion that various types of exercise should be implemented when planning

exercise programs.

Keywords: awareness, body builders, exercise, resistance-trained, posture, shoulder.

Introduction

Skeletal muscles display a high degree of plasticity in re-
sponse to different mechanical stimuli. Out of these stimuli,
overloading, with a combination of quantitative changes in
muscle mass and fiber size, is one of the most effective ways
to increase hypertrophy both at the whole muscle and at the
single fiber level. The increase in fiber, and thus in muscle
size, is the result of a positive balance between protein syn-
thesis and degradation. Since mechanical loading is one of
the most important methods to increase protein synthesis,
the method used to maximize the mechanical stress applied
to skeletal muscle is resistance training (Monti et al., 2021).
Both strength and endurance are required during a sport-
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ing activity (Degens et al., 2019). Resistance exercise and
strength training are significant methods for athletes to im-
prove their athletic performance. Intense resistance training
should be performed to achieve high-level performance in
strength and power-based sports. Generally, weight-training
exercises put the shoulder in a bad position, such as external
rotation, at the end of the joint range of motion while under
heavy load. This results in joint and muscle imbalances and
makes the shoulder prone to injury. Training routines aimed
at specific muscle groups or exercises often neglect the bal-
ance of strength and mobility, which is necessary for unim-
paired shoulder function (Kolber et al., 2009).

The shoulder joint is one of the joints with the greatest
range of motion. However, mobility and stability are inverse-
ly proportional. The stability balance of the shoulder joint,
which has a large physiological range of motion, is sensi-
tive. Some activities require mobility (e.g. swimming), while
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others require stability (e.g. weight lifting, assistant referee)
(Best & Tanaka, 2018).

Bodybuilders aim to increase their overall health, strength
and fitness level. Many bodybuilders aiming to increase their
strength neglect the muscles that stabilize the scapular and gle-
nohumeral joints while concentrating on strength training for
the pectoralis, deltoid, and abdominal groups. Bodybuilders
have been observed to experience a loss of muscle strength in
the scapular stabilizers and rotator cuff muscles. Such strength
imbalances may lead to a poor scapulohumeral rhythm during
shoulder elevation (Kolber et al., 2009; Grandou et al., 2020).

Strength and endurance training displays different effects
in young and old individuals (Stunes et al., 2022). Resistance
training is a good stimulant to increase strength in both young
and old adults, however, muscle hypertrophy that occurs con-
sistently in young males declines with age. This suggests that
strength gains in older adults mostly result from adaptations
of non-muscle tissues (Petrella et al., 2007; Kosek et al., 2006).

While being educated on appropriate exercise selection
and injury prevention strategies, strength athletes should be
trained on changes in shoulder laxity, capsular restriction,
or shoulder muscle balance that may develop secondary to
weight training (Kolber et al., 2009).

Exercise practices show different effects on individuals
depending on age. There are studies indicating the different
effects of exercise practices in young and middle-aged indi-
viduals in the literature. However, these studies have mostly
investigated the effects of strengthening exercises (Rader et
al,, 2016; Pesta et al.,, 2014). Our aim in this study is to ex-
amine the effectiveness of stability and mobility exercises in
bodybuilders with shoulder immobility.

Materials and methods

Study participants

Thirty-two bodybuilders who had been diagnosed with
shoulder immobility by a physician were included in our
study. A total of 30 participants completed the eight-week
exercise treatment. The participants were divided into two
groups based on their age ranges. While the first group in-
cluded those aged 18-30, those aged 30-60 were included in
the second group. Inclusion criteria for the study were: hav-
ing been diagnosed with shoulder immobility by a physician
and being a male bodybuilder over the age of 18. Exclusion
criteria were: being a female bodybuilder, having scapular
dyskinesis, having undergone a surgery within the last six
months, and having an orthopedic or neurological disease.

Study organization

The athletes included in the study were given a program
including stability and mobility exercises after the initial
measurements and evaluations were performed by a blind
evaluator. The partipicants were evaluated for the second
time eight weeks later and the effects of the exercise program
on them were examined.

The sample size was calculated to be 28 with 0.05 error
in the %80 confidence interval. After calculating the drop-
out rate as 20%, 32 individuals were included in the study.
Thirty two individuals were included in the study in case
they might drop out for various reasons (Grgic et al., 2018).

All athletes included in the study were given the
“Informed Voluntary Consent Form” and their consent was
obtained. Demographic data such as the athletes” age, weight,
height, sports age, status of drug use and operation history
were collected. Necessary approvals were obtained from the
Non-Interventional Clinical Research Ethics Committee of
Istanbul Medipol University before conducting the study
(E-10840098-772.02-3687, date: 24/06/2022). The study was
conducted with the individuals who accepted the informed
consent form approved by the Ethics Committee of Istanbul
Medipol University

Assesment Parameters

Assesment of Joint Range of Motion. Goniometric mea-
surements were repeated bilaterally with a universal goni-
ometer. Measurements of upper extremity, shoulder flex-
ion, internal and external rotation were made. They were
repeated three times for each evaluation. The mean of the
measurements was recorded as the score.

Assesment of Posture. Posture assessment was done using
the New York Posture Rating, which consists of 13 items. Pos-
ture analysis is performed while standing upright. A score of
five was given if the participant’s posture was correct, three if
moderately impaired, and one if severely impaired. The total
score to be obtained from the test is a maximum of 65 and a
minimum of 13. The higher the score, the better posture the
participant has (McRoberts et al., 2013).

Assesment of Body Awareness. Body awareness was eval-
uated using the Body Awareness Questionnaire. This ques-
tionnaire includes physical, emotional and social elements
that question the sensitivity of the participant to physical re-
actions in normal or abnormal body conditions. Conducted
to determine the normal or abnormal sensitivity level of
body components, the Body Awareness Questionnaire con-
sists of 18 items under 4 subscales (changes in body process,
sleep-wake cycle, prediction at the onset of the disease, pre-
diction of body responses). The participant is asked to score
each item on a scale of 1-7. Evaluation is performed based
on the total score. A higher score indicates a better body
sensitivity (Karaca & Bayar, 2021).

Exercise Program

Before the athletes started their exercise program, in
order to raise their awareness, they were trained on the im-
portance of shoulder mobilization and stabilization and how
to contract the right muscle groups. Following the evalua-
tions, in addition to the usual training programs, the athletes
performed an exercise program 3 days a week for 8 weeks,
accompanied by the same physiotherapist.

The number and frequency of repetitions of the exercises
were updated every two weeks. They would perform Prone I,
T, W, Y’s, Wall Angels and Anterior Shoulder Stretch, Shoul-
der Circle Rotation, Prone Shoulder CARs and Shoulder
Side Stretch, and stretching exercises for pectoral muscles.

Statistical analysis

SPSS 26.0 (Statistical Package for Social Sciences, Chi-
cago, Illinois, United States) software was used for statistical
analysis in the study. Statistical analysis methods including
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descriptives, comparators, and correlations were used.
Mean, standard deviation, and percentage distribution val-
ues were calculated using descriptive statistical methods.
Conformity to the normal distribution was evaluated using
the Shapiro-Wilk test. Parametric tests were used if the data
conformed to the normal distribution, and nonparametric
tests were used if they did not. Independent samples t-test
was used for the parametric data, and Mann Whitney-U
test for nonparametric data. Paired samples t-test was used
for the comparison of in-group values before and after the
eight-week treatment, Wilcoxon paired two-sample test was
used for nonparametric ones, and Chi-square test was used
to compare the categorical data. A p value lower than 0.05
was considered statistically significant.

Results

Thirty-five resistance-trained males with shoulder
immobility were evaluated in the study. Three of them
were excluded from the study because two had scapular
dyskinesia and one had undergone shoulder surgery. A total of
32 individuals were included in the study. One participant from
each group could not complete the study for various reasons,
and the scores of 30 participants were recorded in the end.

Table 1. Demographic Data

Group 1 Group 2 p
Age 21.36 +2.95 41.29 + 8.67 0.00
Height 178.14 + 5.96 175.65 £ 5.99 0.279
Weight 75.29 + 8.08 83.07 +9.51 0.028
BMI 23.72+2.30 26.98 +3.28 0.05

The values are shown as mean + SD. p<0.05 was considered
statistically significant. Age: years, BMI: Body Mass
Index (kg/m?)

Since the participants were divided into groups based on
age, there was a statistical difference in their age, weight and
BMI before the treatment (p<0.05).

Table 2. General conditions of the groups before treatment

Group 1 Group 2 P
How many days a week does o0\ 101 3714154 0124
the athlete train?
Does the athlete experience
stiffness in their shoulder? 336+199  321+142 0828
Does the athlete experience
difficulty or pain when they 5 o\ 5 )¢ 1 644164 0.020
raise their arms above their
head?
Happiness after exercise 8.64+1.65 9.71+0.726 0.035

The values are shown as mean + SD. p< 0.05 was considered
statistically significant.

There was no statistically significant difference in the
number of weekly training sessions and stiffness in the
shoulder region in both groups (p=0.05). However, the feel-
ing of pain when raising the arms was observed to be higher

in Group 1 (p=0.020). The feeling of happiness after exercise
was observed to be higher in Group 2 (p=0.035).

After the exercise programs were completed, a statis-
tically significant increase was observed in all evaluation
parameters in both groups (p<0.05). There was a statistical
difference between the groups in the measurements of right
and left shoulder flexion, external rotation of the left shoul-
der, internal rotation of the left and right shoulder (p < 0.05)

When the pre-treatment scores of both groups were ex-
amined, no statistical difference was found between the two
groups, but the NYPR lateral and posterior scores of the
adult group were lower (p=0.071).

Discussion

Our study investigated the effectiveness of exercises in
resistance-trained males with shoulder immobility. To the
best of our knowledge, there has been no study examining
the effectiveness of combined exercises in resistance-trained
males with shoulder immobility. In resistance-trained males
with shoulder immobility in different age groups, to whom
we implemented stability and mobility and stretching exer-
cises, improvements were observed in all the evaluation pa-
rameters in both adult and young adult groups as a result of
the exercise program, except for the results of lateral posture
analysis in the young adult group.

Martel et al. investigated the effects of gender and age
on muscle fiber adaptation in individuals performing high-
intensity resistance training. The effects of the exercises ap-
plied three times a week for 9 weeks on the lower extremity
extensor muscles were evaluated. It was concluded that there
were differences in muscle fibers between males and females
(Martel et al., 2006). Unlike this study, we examined the up-
per extremity muscles. In addition, we included only male
participants in our study, as we predicted that there would
be differences between males and females.

Staron et al. compared the gender-related cross-section-
al areas of various muscle fiber types during the transition
from childhood to adulthood. Gender-specific patterns of
muscle fiber types were found to develop during this transi-
tion (Staron et al., 2000). Bougea et al., on the other hand,
examined the relationship between aging and muscle fibers
in their autopsy study on individuals aged 24-82 who died
due to sudden death. As a result, they observed that the
number and volume of muscle fibers decreased with aging
(Bougea et al., 2016). Considering the relationship of muscle
fibers and structure with age, the participants were divided
into two groups as those aged 18-30 and those aged 30-60.

Previous studies investigated injury sites of recreational
resistance-trained athletes. Shoulder, upper extremities and
spine were found to be the most frequently injured areas.
The reason why upper extremity injuries are so common is
the mistakes made in exercise programs. The biggest one is
that recreational resistance-trained athletes usually do exer-
cises for the upper extremity muscles and neglect the ones
for the core region and lower extremity muscles. As a re-
sult, biomechanical problems occur. The resistance-trained
athletes in our study also developed shoulder immobility
problem (Siewe et al., 2014). Moezy et al. investigated the
effectiveness of scapular stabilization exercises in individuals
with shoulder impingement syndrome. Their study reported
that the exercise applications provided improvements in the
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Table 3. Evaluation results of the groups before and after treatment

Group 1 Group 2
Before After T Before After S p
Treatment Treatment Treatment Treatment
Shoulder flex left 125.14 £ 12.93 142.29 + 11.06 0.00 123.29 £ 6.91 134.29 +7.52 0.00 0.002
Shoulder flex right 123.14 +11.31 141.43+11.49 0.00 118.86 +4.94 131.29 +4.81 0.001 0.018
Shoulder ext rot left 78.79+797  8521+6.34 0.00 7921 £5.59 83.14 +4.96 0.00 0.037
Shoulder ext rot right 81.21 £6.40  86.64 +4.80 0.002 78.50 £ 6.60 82.86 +5.38 0.00 0.417
Shoulder int rot left 62.57 £ 5.65 71.14 £5.53 0.00 61.64+£346 67.14+3.76 0.001 0.018
Shoulder int rot right 61.57 + 5.65 70.71 £ 5.74 0.002 59.43 £2.47 65.64 £2.41 0.00 0.002
Body awareness questionnaire 86.29 + 13.84  98.29 + 10.63 0.00 89.29 £12.44 96.21 £11.91 0.00 0.098
NYPR lateral 27.86 £3.18 32.29 £ 2.30 0.109 25.14£4.35 29.29 +3.50 0.001 0.792
NYPR posterior 27.50+£330  27.86+3.18 0.00 2493 +389 25.14+435 0.00 0.667

The values are shown as mean + SD. p<0.05 was considered statistically significant. NYPR: New York Posture Rating. Flex: Flexion,

Ext: External, Int: Internal, Rot, Rotation.

range of abduction and external rotation and posture in the
participants (Moezy et al., 2014). Improvements in shoulder
flexion, internal and external rotation were noted in both
groups as a result of shoulder joint range of motion mea-
surements. However, more differences were observed in the
range of motion in the young adult group. Gharisia et al.
concluded that stretching exercises increase joint range of
motion in athletes with internal deficits in the glenohumeral
joint (Gharisia et al., 2021). Goto et al. examined the effects
of range of motion exercises performed at different angles in
their study on young trained men. Similarly to our study, the
participants performed the exercises three days a week for
eight weeks. They concluded that range of motion exercises
facilitate muscle hypertrophy positively (Goto et al., 2019).
Moradi et al. implemented an eight-week exercise program
in their study examining male volleyball players with inter-
nal rotation deficit in the shoulder. They found that the ex-
ercise program they implemented, in which the participants
performed stretching exercises for five days and strengthen-
ing exercises for three days a week, was an effective treat-
ment method for shoulder internal rotation deficit (Moradi
et al., 2020). In accordance with the literature, we planned
the exercise program to be performed three days a week
for eight weeks. We included stabilization, stretching and
strengthening exercises in our exercise program. Similarly
to these studies, we recorded improvements in joint range
of motion.It is known that bodybuilding training causes
muscle damage in the upper extremity in resistance-trained
males (Ferreira et al., 2017). It is thought that problems in
the alignment of the head and shoulder also affect the mus-
cles around the shoulder (Thigpen et al., 2010). In a study
examining the effectiveness of stabilization exercises in indi-
viduals with round-shoulder posture, they performed stabi-
lization and stretching exercises. The study indicated that the
exercise application was effective in improving posture in
individuals (Kim et al., 2018). Similarly, stretching and sta-
bilization exercises were given to bodybuilding athletes with
shoulder immobility. When we compared the pre- and post-
treatment scores, we observed that the scores of the adult
group were lower than the young adult group. This could be
because the posture of the individuals in the adult group may

have been affected more negatively than the younger group
as a result of the longer-term application of inappropriate
exercise prescriptions in the adult group. Another reason
could be that postural problems become more common with
age. However, on the contrary, improvements were observed
in posture analysis in the adult group, while improvements
were observed in posture evaluations except for the lateral
posture analysis in the young adult group. Lee et al. found
that stretching exercises for the pectoralis minor muscle
improved the posture of individuals by improving scapular
stabilization and alignment (Lee et al., 2015). Ruivo et al. ap-
plied strengthening and stretching exercises to individuals
with forward head and protracted shoulder posture in their
study. As a result, improvement was observed in posture
(Ruivo et al., 2017). Similarly, Shiravi et al. reported that
scapular stabilization exercises had a positive effect on pos-
ture in individuals with forward head and round shoulder
problems. In our study, in addition to stabilization exercises,
stretching exercises for pectoralis major and minor muscles
were given. As a result, improvements were recorded in pos-
ture (Shiravi et al., 2019).

Postural awareness is the subjective conscious aware-
ness of body posture based primarily on proprioceptive
feedback from the body environment to the central nervous
system. Erden and Emirzeoglu examined body awareness in
different sports branches in their study. They concluded that
body awareness is similar between different sports branches
and different age groups. We observed an increase in body
awareness after the exercise applications, but no statistically
significant difference was found between the groups (Erden
& Emirzeoglu, 2020).

Tikag et al. investigated the effects of regular exercise
practices on body awareness in young adults. They found
that the exercise practices had a positive effect on self-effica-
cy, self-esteem and body awareness parameters. As a result
of the exercise applications in our study, an increase in body
awareness score was observed in both groups, but the young
adult group achieved better results (Tikac et al., 2022). The
effect of physical activity level on life satisfaction and happi-
ness in different age groups was investigated. The age groups
were divided into three as young adults, middle-aged adults
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and older adults. As a result of the study, it was found that as
the age increases, the increasing exercise level increases the
happiness level in individuals (An et al., 2020). We observed
in our study that the post-exercise happiness level of the
adult group was higher than the young adult group.

Conclusions

The study found that the combined exercise program
applied to resistance-trained males with shoulder immobil-
ity had positive effects. We are of the opinion that various
types of exercises should be included while planning the
exercise program.

Our study has several limitations. A total of 32 trained
males were included in our study. The number of partici-
pants could have been higher. In addition, the duration of
doing sports was not homogeneously assigned to the partici-
pants. We are aiming to design studies by considering these
limitations in the future.
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Merta moCIi)KeHH 110/1AraNa B TOMY, 1106 BUBYUTH BIUINB BIIpaB Ha cTabinbHICTD i PYX/IMBICTb Ha Jlialla30H PYyXiB, IOCTaBy
Ta yCBiJJOMJ/IEHHS Ti/la y 4OJIOBiKiB, AIKi TPEHYIOTbCA 3 OIIOPOM, 3 HEPYXOMICTIO II7IeYeil.

Marepiamu ta MeTopu. TpujLsATh 1Ba YOMOBIKM, SIKi TPEHYIOTbCS 3 OIIOPOM, Y AKUX Oy/Ia AiarHOCTOBaHA HEPYXOMICTB Ille-
yeli, 6y/u posyisieHi Ha IBi TpyIIu BifTIOBIZHO 10 IXHIiX BikoBUX AiamasoHis (G1: gopocni, G2: Monopp). IIporpamy, 110 CKIaia€Th-
¢4 i3 BIIpaB Ha PyX/IMBICTb i cTabiNnbHICTD, 3aCTOCOBYBa/IN 3 JHi Ha TYDKJEHDb IPOTATOM 8 TVDKHIB. YYaCHUKIB OL[iHIOBA/IN 3 JI0-
TIOMOTOI0 yHiBepCcanbHOTo ToHioMeTpa, TecTy «Hbto-VopKchbKuit pefiTuHT mocTaBu» Ta mKam «OMUTYBaTbHUK 3 YCBIOMIEHHS
Tila» O Ta MiC/IA MPOXOJPKEHH KyPCYy BIIpaB, AKNUI TPUBaB 8 TYKHIB.

Pesynbraru. Ilicns 8-TH>XKHEBOro KypcCy BIPaB B yCiX YYaCHUKIB CIIOCTEPIraocs MOKpalleHHs YCBiOM/IEHHS Ti/la Ta Jiamna-
30HY pyxiB (p<0,05). B 060X rpymax criocTepiranucs mokpanuieHHs B 6anax recty «Hpto-VIOpKChbKMit pefiTUHT MOCTABU» Ta KA/
«OnuUTYBaIbHYK 3 YCBiIOM/IEHHA Ti/la», ajie BOHU He 6y}m CTaTUCTUYHO 3HAYYILUMU (pZ0,0S).

BucHoBku. [1o 40JIOBIKIB, IKi TPEHYIOTHCS 3 OIIOPOM, Y SIKMX OyJIa AiarHOCTOBaHA HEPYXOMICTb I/Ievelt, 3aCTOCOBYBAIN IIPO-
rpaMy BIIPaB, IO IIOEHYE BIIPaBYU Ha CTa0iIbHICTD i pyX/mBicTb, i 6710 OMideHo, 1110 BOHA MaJia HO3UTUBHUI BIUIVB Ha [ialla30H
pyxiB cyrnoba, ycBijoM/IeHHA TiNa Ta MOCTaBy. MU BBaXKaeMo, IO ITiJl Yac ITaHYBaHHA IPOTpaM BIIPAB CJIijJ] 3aCTOCOBYBATH PisHi
BUJIM BIIPAB.
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Abstract

The purpose of the study was to determine the state of performance of motor actions by girls with different
handedness, which establishes a valid program for each age period of 3-5 years.

Materials and methods. Sixty girls took part in the study (compared with the right-, left-hand preference, and
ambidexterity), each attended a preschool, and at the time of the study, the age of each was within the range of 3 years
5 months 2 days to 3 years 5 months and 29 days. To obtain the necessary data, motor actions determined by the
current child development program in the preschool period were used. The quality of the girls' performance of each
defined motor action was assessed, and the procedure took place in January of each new school year, that is, when the

girls were first 3 years old, then 4 and 5 years old.

Results. Each age of the period of 3-5 years is marked by handedness-related features of development and
manifestation of the motor function of girls when performing motor actions with their hands. At the same time, the
majority of motor actions were performed by the girls of each sample with a score lower than the maximum score.
This does not contribute to the intensive development of the motor function of girls, which differs from the task
defined by the current program for preschool education institutions. Comparing the results of girls with different
handedness, it was found that in most motor actions, the scores obtained for performance differ by a statistically

significant amount, and at each age of the studied period.

Conclusions. Establishing features in the quality of performance of motor actions by girls with different handedness
at each age period of 3-5 years is an important task. To increase the effectiveness of the educational process, the
teacher needs to pay more attention to the study of those motor actions that were evaluated with low scores in girls

with a certain preferred hand.

Keywords: girls, preschool age, hand asymmetry, motor function, development.

Introduction

In the preschool period, one of the main functions of a
child is movement (Katzmarzyk & Silva, 2013). Therefore,
educators pay considerable attention to the development of
this function, especially during physical education, which
is implemented in various forms of classes (Altavilla & Di
Tore, 2016; Di Tore et al., 2016). At the same time, the basis

©  Galamanzhuk, L., Smolianko, Yu., Hudyma, N.,
Balatska, L.,Mytskan, T., Mysiv, V., & Marchuk, V., 2022.
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of such classes is the content of the current program on child
development in the preschool period (Bayer et al., 2014).
This content provides motor actions that a child at a certain
age of 3-6 years should master at the level of exploration of
degrees of freedom, and preferably at the highest level, that
is, at the level of capitalization of degrees of freedom (Bern-
stein, 1991; Schmidt & Lee, 2013).

However, at the current stage, the issue of the state of
formation of children’s abilities and skills in motor actions,
which are determined by the specified current program,
has not been sufficiently studied (Turvey & Fonseca, 2009).
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The need for such information does not raise doubts, be-
cause it allows establishing the effectiveness of physical edu-
cation in the formation of abilities, and skills in basic motor
actions, as well as shortcomings and discrepancies between
the required and real results.

On the other hand, the achievement of the goal of physi-
cal development of children in the preschool period is greatly
facilitated by the implementation in practice of the provision
on taking into account their characteristics (Malina et al,,
2004; Kalinkova, 2007). One of the effective criteria for indi-
vidualization is the child’s handedness (Iedynak et al., 2017;
De Kovel et al.,, 2019; Giintiirkiin et al., 2020). This is due
to the discrepancy in the development of motor function
(Reiss, 2000), physical qualities (Galamanzhuk & Iedynak,
2016), psychosocial (Fisher, 2006; Iedynak & Galamanzhuk,
2010), physiological (Galamanzhuk et al.,, 2019) and some
other performance abilities (Scharoun & Bryden, 2014; Ra-
tini, 2021) of children in the preschool period.

At the same time, there are separated studies (Galaman-
zhuk, 2015) aimed at establishing peculiarities in the for-
mation of motor skills and skills of children with different
handedness in actions determined by the current program
of their development in the preschool period as basic motor
actions. In this regard, research on solving such a problem
is relevant.

The purpose of the study was to determine the state of
performance of motor actions by girls with different hand-
edness determined by the current program for each age pe-
riod of 3-5 years.

Materials and methods

Study participants

60 girls took part in the study: 20 each with the right
(R), left (L) hand preference, and ambidexterity (A), each
attending a preschool; the base of the study was a total of
15 preschool education institutions located in various cities
of the western region of Ukraine. At the time of the begin-
ning of the study, the age of all the girls ranged from 3 years
5 months 2 days to 3 years 5 months and 29 days. The main
attention was focused on evaluating the girls’ performance
of each defined motor action. The results were recorded in
January of each new academic year, that is, when the same
girls were first 3 years old, then 4 and 5 years old.

Study organization

To obtain the necessary data, girls’ performance of mo-
tor actions determined by the current program for each age
period of 3-5 years was evaluated (Bayer et al., 2014). In par-
ticular, at the age of 3, such actions were: collecting balls, car-
rying them and putting them in a certain place (basket, box);
rolling the ball on an inclined surface; rolling the ball with
one or two hands to the teacher; rolling the ball with one
or two hands under the arc; rolling the ball with one or two
hands to each other, moving behind it during its roll; throw-
ing the ball forward with both hands from below; throw-
ing the ball forward from the chest; throwing the ball from
behind the head; throwing the ball with both hands to the
teacher; trying to catch the ball thrown by the teacher (dis-
tance 80-100 cm); throwing the ball over the rope stretched

at the level of the child’s chest (distance 1-1.5 m); throwing
a ball (weight 100 g) at a horizontal target (basket, box) with
the right and left hands from a distance of 1.3-1.5 m; throw-
ing objects with the right and left hands at a distance; throw-
ing a ball (weight 100 g) at a vertical target from a distance of
1-1.5 m. At the age of 4, girls performed the following motor
actions: rolling the ball from the teacher to the child and
back from a half-squat position (distance 1.5-2 m); rolling
the ball between objects into the goal (width 50-60 cm, dis-
tance 1.5-2 m); throw the ball to the teacher with both hands
from below and from the chest; catching the ball thrown
by the teacher (distance — 1.5 m); throwing a ball (weight
100 g) at a horizontal target (basket, box) from a distance of
1.5-2.0 m; throwing the ball with both hands from the chest
and from below into a basket (box) standing on the floor ata
distance of 2 m; after throwing the ball on the floor, trying to
catch it two or three times in a row; throwing a ball (weight
100 g) with the right and left hands at a vertical target (the
height of the center of the target is 1.2 m above the floor, the
distance to the target is 1.5-2.0 m); throwing a ball (weight
100 g) with the right and left hands at a distance (distance
3-5 m). At the age of 5, the girls’ performance of the fol-
lowing motor actions was assessed: throwing a ball from
one hand to another at a different pace; while standing still,
hitting the ball on the floor (12 repetitions); throwing the
ball to another child with two hands from the chest; throw-
ing the ball from behind the head while standing or moving
forward; catching the ball from different starting positions;
catching the ball after bouncing off the floor; throwing and
catch the ball with both hands (up to 20 times in a row); hit-
ting the wall with a ball; throwing a stuffed ball (weight 1 kg)
to another child; catching a stuffed ball; throwing a small ball
into the ring at a height of 2.2 m from the floor; throwing
objects (bag, ball) with the right and left hands for 3-5 m;
throwing a ball (weight 100 g) at a moving target.
Recommendations (Grime & Wright, 2016) regarding
the use of the Delphi Method were taken into account when
evaluating the correct performance of motor actions by girls.
Thus, 5 experts (2 Candidates of Science and 3 Doctors of
Science) took part in the assessment, all of them specialists in
physical education of children, and each of them has at least
10 years of experience. The girls were given 2 attempts to
perform each motor action, and the best one was evaluated.
But the girls did not know that their performance was being
evaluated; this made it possible to minimize the excitement
of the girls because it could affect the correct performance of
the motor action (Thomas et al., 2011). The evaluation took
place in two rounds: first, each expert evaluated the perfor-
mance of all the girls’ proposed motor actions, after that he
studied the results of the questionnaires of his colleagues,
video recordings of the girls’ performance of the motor ac-
tions, and corrected (if he changed his mind) his evaluation
results. After that, each expert received a final score, which
was used to assess the girls’ performance of a certain motor
action; all five scores were taken into account when finding
the average score for the performance of each motor action.
Experts took into account the recommendations for the
assessment of motor development and function in preschool
children (Tieman et al., 2005; Timmons et al., Pfeiffer, 2007).
A system was chosen to provide the evaluation with one of
the following points: “3” - the highest point, which indicates
the achievement of the set goal due to the technically correct
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performance of all movements in the action, which is evidenced
by the absence of errors; “2” — the set goal is achieved because
the motor action is performed correctly in general, except for
one or two movements (parameters — movement trajectory,
pace, etc.) that are reproduced with minor errors, that is, that
do not affect the result; “1” - the set goal was not achieved due
to difficulties in performing the motor action, although in-
dividual movements (parameters) were reproduced correctly.
The girls’ hand preference was determined at the be-
ginning of the study, taking into account the recommen-
dations (Edlin et al., 2015) using the Short Form of Edin-
burgh Handedness Scale (Veale, 2014). The organization of
the study took into account the provisions of the Helsinki
Declaration of the World Medical Association (WMA-2013)
on the ethical principles of medical research with human
participants. The research protocol was approved by the eth-
ics commission of Kamianets-Podilskyi National University.

Statistical analysis

All statistical analyzes were performed using SPSS Ver-
sion 21. For each assessment, the following calculations were
performed: arithmetic mean (M), standard deviation (SD),
and Kolmogorov-Smirnov Test (KS). The last one made it
possible to establish a difference from the normal distribution
of individual values in each sample of girls (Vincent, 2005). In
this regard, when comparing two averages, non-parametric
tests were used, namely Mann-Whitney (U, Z values), and
Wilcoxon (W values); the 0.05,0.01, 0.001 levels of probability
were used to indicate statistical significance (Khalafian, 2007).

Results

Before starting the analysis of the data obtained in ex-
perimental groups of girls in each age period of 3-5 years, the

correspondence of the individual values distribution of each
indicator to the normal distribution was established. It was
found that in 3-year-old girls with different hand prefer-
ences, the distribution of individual results differed from the
normal one (Table 1).

In addition, the obtained data indicated that girls from
A and R performed for the highest score of “3” for one move-
ment out of all 14 offered. Moreover, it was the same motor
action, namely “to collect balls, carry them, and put them
in a certain place” The same result was noted for girls from
L, but they additionally scored a score of “3” for the perfor-
mance of “rolling a ball with one or two hands to the teacher”
and “throwing objects with the right and left hands at a dis-
tance” But the former also had the least number of motor
actions, the performance of which was evaluated with the
lowest score “1”. There were 6 such actions, while the girls
from A -9, from R - 10.

Comparing the scores of these 3-year-old girls with dif-
ferent hand preferences for performing the specified 14 mo-
tor actions, the following was found. In girls from A and L,
as well as from L and R, 8 grades differed by a statistically
significant value, while in girls from A and R - 6 (Table 2).

In all cases, such a feature was noted for the score for
performing the motor action “rolling the ball with one or
two hands to the teacher”, because it was the highest in girls
with L (3 points), while it was significantly lower in R, name-
ly 2.45+0.6 points (p = 0.001), in A the smallest, — 1.9+0.85
(respectively, p = 0.013 and p = 0.001).

At four years old, the distribution of the obtained data
differed from the normal one (Table 3).

The following was also noted: according to the obtained
data, out of all 9 motor actions, the highest score of “3” was
evaluated for the performance of only one action and only
by girls from A, namely “throw a ball weighing 100 g with
the right and left hands at a distance (a distance of at least

Table 1. Results of performance of motor actions by 3-year-old girls with different handedness

girls with A (n=20)

girls with A (n=20)  girls with R (n=20)

N Motor action
M SD KSp M SD KSp M SD KSp
1 Collect balls, carry them and put them in a certain place 300 0 <001 300 0 €00l 300 0 <0.01
(basket, box)
2 Roll the ball on an inclined surface 1.85 037 <0.01 1.75 044 <001 125 0.64 <0.01
3 Roll the ball with one or two hands towards the teacher 1.90 085 <0.01 3.00 O <0.01 245 0.60 <0.01
4 Roll the ball with one or two hands under the arc 1.00 0 <0.01 075 044 <0.01 0.8 0.52 <0.01
5 Roll_ the. ball Wlt}-l one or two hands to each other, moving 155 110 <001 100 0 001 09 079 <0.01
behind it during its roll
6 Throw the ball forward with both hands from below 225 091 <0.01 225 0.85 <001 135 093 <0.01
7 Throw the ball forward from the chest 2.10 0.64 <0.01 250 0.51 <001 1.65 0.88 <0.01
8 Throw the ball from behind the head 2.05 094 <0.01 225 133 <001 155 094 <0.01
9 Throw the ball with both hands to the teacher 1.85 087 <0.01 225 0.85 <0.01 2.5 0.60 <0.01
10 "Cfrrgl)to catch the ball thrown by the teacher (distance 80-100 120 100 <00l 150 115 <00l 165 049 <001
11 Th'I'O\,N the bau over the rope stretched at the level of the 100 056 <001 150 089 <00l 08 089 <0.01
child’s chest (distance 1-1.5 m)
12 Throw the ball (weight 100 g) at a horizontal target with the
right and left hands (distance - 1.3-1.5 m) 1.80 0.83 <0.01 1.25 044 <0.01 0.95 0.89 <0.01
13 Throw objects with the right and left hands at a distance 270 047 <0.01 3.00 0 <0.01 265 0.59 <0.01
14 Throw a ball (weight 100 g) at a vertical target from a distance 180 083 <001 250 051 <00l 18 095 <0.01

of 1-1.5m
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Table 2. Comparison of the results of performance by 3-year-old girls motor actions with different handedness

Motor Asymp.Sig
action Mean Rank Sum of Rank U w Z
(2-talled)
(N)
A (n=20) L (n=20) A (n=20) L (n=20)
1 20.50 20.50 410.0 410.0 200.0 410.0 .000 1.000
2 21.50 19.50 430.0 390.0 180.0 390.0 -.781 0.435
3 13.50 27.50 270.0 550.0 60.0 270.0 -4.480 0.000
4 23.00 18.00 460.0 360.0 150.0 360.0 -2.360 0.018
5 27.50 13.50 550.0 270.0 60.0 270.0 -4.512 0.000
6 20.63 20.38 412.5 407.5 197.5 407.5 -.074 0.941
7 17.25 23.75 345.0 475.0 135.0 345.0 -1.190 0.047
8 18.88 22.13 377.5 442.5 167.5 377.5 -.999 0.318
9 18.00 23.00 360.0 460.0 150.0 360.0 -1.443 0.149
10 19.00 22.00 380.0 440.0 170.0 380.0 -.840 0.401
11 16.25 24.75 325.0 495.0 115.0 325.0 -2.481 0.013
12 24.13 16.88 482.5 337.5 127.5 337.5 -2.247 0.025
13 17.50 23.50 350.0 470.0 140.0 350.0 -2.623 0.009
14 15.75 25.25 315.0 505.0 105.0 315.0 -2.751 0.006
A (n=20) R (n=20) A (n=20) R (n=20)
1 20.50 20.50 410.0 410.0 200.0 410.0 .000 1.000
2 21.50 19.50 430.0 390.0 180.0 390.0 -.781 0.435
3 13.50 27.50 270.0 550.0 60.0 270.0 -4.480 0.000
4 23.00 18.00 460.0 360.0 150.0 360.0 -2.360 0.018
5 27.50 13.50 550.0 270.0 60.0 270.0 -4.512 0.000
6 20.63 20.38 412.5 407.5 197.5 407.5 -.074 0.941
7 17.25 23.75 345.0 475.0 135.0 345.0 -1.190 0.047
8 18.88 22.13 377.5 442.5 167.5 377.5 -.999 0.318
9 18.00 23.00 360.0 460.0 150.0 360.0 -1.443 0.149
10 19.00 22.00 380.0 440.0 170.0 380.0 -.840 0.401
11 16.25 24.75 325.0 495.0 115.0 325.0 -2.481 0.013
12 24.13 16.88 482.5 337.5 127.5 337.5 -2.247 0.025
13 17.50 23.50 350.0 470.0 140.0 350.0 -2.623 0.009
14 15.75 25.25 315.0 505.0 105.0 315.0 -2.751 0.006
L (n=20) R (n=20) L (n=20) R (n=20)
1 20.50 20.50 410.0 410.0 200.0 410.0 .000 1.000
2 25.25 15.75 505.0 315.0 105.0 315.0 -2.898 0.004
3 25.50 15.50 510.0 310.0 100.0 310.0 -3.592 0.000
4 20.13 20.88 402.5 417.5 192.5 402.5 -.261 0.794
5 22.00 19.00 440.0 380.0 170.0 380.0 -1.113 0.266
6 25.50 15.50 510.0 310.0 100.0 310.0 -2.849 0.004
7 26.00 15.00 520.0 300.0 90.0 300.0 -3.168 0.002
8 24.25 16.75 485.0 335.0 125.0 335.0 -2.169 0.030
9 19.13 21.88 382.5 437.5 172.5 382.5 -.822 0.411
10 19.75 21.25 395.0 425.0 185.0 395.0 -433 0.655
11 24.75 16.25 495.0 325.0 115.0 325.0 -2.478 0.013
12 23.00 18.00 460.0 360.0 150.0 360.0 -1.518 0.129
13 23.50 17.50 470.0 350.0 140.0 350.0 -2.619 0.009
14 24.75 16.25 495.0 325.0 115.0 325.0 -2.487 0.013

Note: Mann-Whitney U, Wilcoxon W; a reliably significant difference between the two means is highlighted in color

3-5m)” As for the lowest score, it was used to evaluate the
performance of 5 motor actions by girls with A, and L and
the performance of 6 actions by girls with R.

Other data related to the comparison of scores obtained
for the performance of each of the 9 specified motor actions
(Table 4).

At 5 years, the distribution of most of the obtained data
differed from normal, and exceptions were characteristic of
each group of girls (Table 5).

We received data that indicated the following: out of all
13 motor actions, the performance of only one action by girls
from A and R was rated the highest.
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Table 3. Results of performance of motor actions by 4-year-old girls with different handedness

girls with A (n=20)  girls with L (n=20)  girls with R (n=20)

N Motor action
M SD KSp M SD KSp M SD KSp

] Roll the ball fr.opl the teacher to the child and back from a 205 051 <00l 150 089 <00l 215 067 <0.10
half-squat position (1.5-2 m)

Roll the ball between objects into the goal (width 60-50

2 . 210 085 <0.15 1.75 0.85 <0.05 1.85 0.99 <0.15
cm, distance 1.5-2 m)

3 Throw the ball to the teacher with both hands from below 210 102 <005 250 051 <005 240 068 <0.05
and from the chest

4 Catch the ball thrown by the teacher (distance - 1.5 m) 1.85 088 <0.10 1.75 0.85 <0.05 1.65 1.09 >0.20

5 Throw the ball (weight 100 g) at a horizontal target from a 0.85 067 <010 225 085 <0.05 185 099 5020

distance of 1.5-2.0 m
¢ hrow theball with both hands from the chestand from —, \ . 076 001 200 103 <005 180 089 0.20
below into a basket standing on the floor (distance - 2 m)
After throwing the ball on the floor, try to catch it two or
three times in a row
Throw the ball (weight 100 g) with the right and left hands
8 atavertical target (the height of the center of the targetis ~ 1.00 0.79 >20 125 044 <001 130 0.86 <0.10
1.2 m above the floor, the distance to the target is 1.5 -2.0 m
Throw a ball (weight 100 g) with the right and left hands at
a distance (a distance of at least 3-5 m)

1.00 079 >20 050 0.51 <0.05 0.75 1.02 <0.05

300 O <0.01 225 044 <001 250 0.61 <0.05

Table 4. Comparison of the results of performance by 4-year-old girls motor actions with different handedness

Asymp.
aclt\;[(())rtno(li\l) Mean Rank Sum of Rank U w zZ Sig
(2-talled)

A (n=20) L (n=20) A (n=20) L (n=20)
1 25.13 15.88 502.5 317.5 107.5 317.5 -2.693 0.007
2 22.75 18.25 455.0 365.0 155.0 365.0 -1.297 0.195
3 18.75 22.25 375.0 445.0 165.0 375.0 -1.057 0.290
4 21.13 19.88 422.5 397.5 187.5 397.5 -0.365 0.715
5 13.00 28.00 260.0 560.0 50.00 260.0 -4.254 0.000
6 17.75 23.25 355.0 465.0 145.0 355.0 -1.718 0.046
7 24.00 17.00 480.0 340.0 130.0 340.0 -2.063 0.039
8 18.75 22.25 375.0 445.0 165.0 375.0 -1.068 0.286
9 28.00 13.00 560.0 260.0 50.00 260.0 -4.837 0.000

A (n=20) R (n=20) A (n=20) R (n=20)
1 19.58 21.43 391.5 428.5 181.5 391.5 -0.593 0.553
2 21.90 19.10 438.0 382.0 172.0 382.0 -0.803 0.422
3 19.20 21.80 384.0 436.0 174.0 384.0 -0.771 0.441
4 21.33 19.68 426.5 393.5 183.5 393.5 -0.466 0.641
5 14.85 26.15 297.0 523.0 87.0 297.0 -3.205 0.000
6 18.00 23.00 360.0 460.0 150.0 360.0 -1.483 0.138
7 22.65 18.35 453.0 367.0 157.0 367.0 -1.239 0.215
8 18.80 22.20 376.0 444.0 166.0 376.0 -0.982 0.326
9 25.00 16.00 500.0 320.0 110.0 320.0 -3.354 0.000

L (n=20) R (n=20) L (n=20) R (n=20)
1 15.88 25.13 317.5 502.5 107.5 317.5 -2.686 0.007
2 19.88 21.13 397.5 422.5 187.5 397.5 -0.362 0.717
3 21.00 20.00 420.0 400.0 190.0 400.0 -0.305 0.760
4 20.75 20.25 415.0 405.0 195.0 405.0 -0.141 0.888
5 22.75 18.25 455.0 365.0 155.0 365.0 -1.288 0.198
6 21.50 19.50 430.0 390.0 180.0 390.0 -0.581 0.561
7 20.00 21.00 400.0 420.0 190.0 400.0 -0.302 0.763
8 20.38 20.63 407.5 412.5 197.5 407.5 -0.079 0.937
9 17.88 23.13 357.5 462.5 147.5 357.5 -1.644 0.100

Note: Mann-Whitney U, Wilcoxon W; a reliably significant difference between the two means is highlighted in color
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Table 5. Results of performance of motor actions by 5-year-old girls with different handedness

girls with A (n=20)

girls with L (n=20)

girls with R (n=20)

N Motor action
M SD KSp M SD KSp M SD KS,p
1 Throw the ball from one hand to the other at different paces 2.00 0.56 <0.05 2.00 1.03 <0.05 2.10 0.72 <0.15
Hit the ball on the floor while standing still (12 repetitions), 1.95 1.10 >020 1.50 0.89 <0.01 135 0.81 <0.05
3 Throw the ball with the other to the child with two hands 215 067 <010 225 085 <005 205 076 020
from the chest,
4 Throw the ball from behind the head while standing or 175 107 >020 250 089 <0.01 225 085 <0.05
moving forward
5 Catch the ball from different starting positions 1.70 073 <0.10 1.00 0.73 <0.15 1.15 049 <0.01
6 Catch the ball after bouncing off the floor 1.80 1.01 <0.10 175 0.85 <0.05 2.10 0.79 >0.20
7 ;h;"r‘;’;nd catch the ball with both hands (up to 20 times 3 73 19 225 085 <005 205 089 <015
8 Hit the wall with the ball 1.85 0.67 <0.10 275 044 <0.01 220 0.77 <0.15
9 Throw the stuffed ball (weight 1 kg) to another child 1.70 047 <0.01 250 0.51 <0.05 1.85 0.88 >0.20
10 Catch a stuffed ball 215 037 <0.01 200 073 <0.15 180 1.01 >0.20
11 gg‘;w asmall ballintoaring ata heightof 22 mfromthe 1o 07 001 150 115 5020 145 069 <001
12 "3[?1;(1)1\:7 objects (bag, ball) with the right and left hands at 300 0 €00l 275 044 <00l 300 0 <0.01
13 Throw a ball (weight 100 g) at a moving target 1.80 083 <0.01 1.00 0 <0.01 145 094 <0.10

When comparing grades, it was found that 7 grades dif-
fered by a statistically significant amount for girls from A
and L, 4 grades for girls from A and R, and 4 for girls with L
and R - 3 (Table 6).

Discussion

During the preschool period, the formation and fur-
ther development of the child’s motor function take place
(Wilmore et al., 2012; Katzmarzyk & Silva, 2013). Therefore,
in this period, one of the defining tasks for teachers, pedia-
tricians, and psychologists is to ensure a targeted impact on
the child’s motor function (Herasymchuk et al., 2014; Iedy-
nak & Galamanzhuk, 2017). For this, physical exercises are
used, which, as well as motor actions used in everyday life,
is necessary to teach the child (Altavilla & Di Tore, 2016;
Galamanzhuk & Iedynak, 2016). Therefore, considerable at-
tention is paid to this issue in the preschool period and the
search for effective criteria for the individualization of edu-
cation and child development is carried out (Galamanzhuk
etal., 2019). One of the promising criteria is the handedness
of each child (Giintirkiin et al., 2020; Ratini, 2021).

The data obtained at each age testified to the existence
of peculiarities in the quality of performance of motor ac-
tions by girls with different handedness. So, at 3 years old,
the result was as follows: for the highest score of “3”, girls
from A and R performed one motor action each, girls from
L - three, for the lowest score of “1” - respectively 9, 10 and
6 actions out of all 14 offered. When comparing the grades,
their discrepancy was found (at the level of p = 0.05+0.0001),
namely: the girls from L had 8 of these when compared with
the grades of girls from A and R, as well as 6 - when compar-
ing the grades in the last two samples.

At the age of 4, the comparison of grades showed that
girls with A significantly (at the level of p = 0.05+0.001) dif-
fered by 5 and 2 grades from those obtained by girls with L
and R; in the latter, the assessment for the performance of
one motor action differed.

At the age of 5, by comparison, the following was estab-
lished: in girls with A, 7 and 4 grades differed (at the level of
p =0.05+0.001) from those obtained by girls with L and R; in
the latter, the score for performing 3 motor actions differed.

One of the reasons for this result is the connection
of handedness in the human motor cortex, which is quite
strong because r = -0.76 (p = 0.01) (Volkmann et al, 1998).
At the same time, the expansion of the hand motor cortex
in the dominant hemisphere may provide extra space for
the cortical encoding of a greater motor skill repertoire of
the preferred hand. As noted by (Gainotti, 2015), manual
experience acquired during tool manipulation can influence
the hemispheric representation of tools and other artifacts.

The data of our study confirm that the performance of
motor actions, which children learned during the school year,
contributed to an increase in the level of motor function de-
velopment. But the results of girls with different handedness
were not the same, which was associated with a complex of
characteristics. Some of the main ones were satisfactorily ex-
plained as follows: with an increase in the complexity of the
motor action, the volume of brain areas that are sequentially
involved in its implementation increases, and contralateral
and ipsilateral activations also increase; it provides intensive
development of motor function (Gut et al., 2007). Important
to the above is also the data that, regardless of handedness,
when performing a motor action with the non-leading hand,
both hemispheres are involved in this activity (Scharoun &
Bryden, 2014; De Kovel et al., 2019).

In addition, the obtained data were associated with dif-
ferences in the development of the physical condition of
children with different handedness (Galamanzhuk, 2015).

In a practical aspect, the obtained data will contribute
to increasing the results of teaching children new motor ac-
tions. Also, these data are important, because they comple-
ment the idea of the manifestation of different degrees of
freedom in the functioning of cortical structures of children
with different handedness.

We see the prospect of further research in obtaining
information related to the selection of flexible, diverse,
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Table 6. Comparison of the results of performance by 5-year-old girls motor actions with different handedness

Asymp.
aclt\;[(());o(rN) Mean Rank Sum of Rank U w z Sig
(2-talled)

A (n=20) L (n=20) A (n=20) L (n=20)
1 20.50 20.50 410.0 410.0 200.0 410.0 0.000 1.000
2 23.13 17.88 462.5 357.5 147.5 357.5 -1.521 0.128
3 19.50 21.50 390.0 430.0 180.0 390.0 -0.582 0.561
4 16.38 24.63 327.5 492.5 117.5 327.5 -2.440 0.015
5 25.00 16.00 500.0 320.0 110.0 320.0 -2.630 0.009
6 21.25 19.75 425.0 395.0 185.0 395.0 -0.426 0.670
7 14.88 26.13 297.5 522.5 87.5 297.5 -3.195 0.000
8 13.75 27.25 275.0 545.0 65.0 275.0 -3.980 0.000
9 14.00 27.00 280.0 540.0 70.0 280.0 -4.019 0.000
10 21.63 19.38 432.5 387.5 117.5 387.5 -0.736 0.461
11 235 17.5 470.0 350.0 140.0 350.0 -1.721 0.095
12 23.0 18.00 460.0 360.0 150.0 360.0 -2.360 0.018
13 26.00 15.00 520.0 300.0 90.0 300.0 -3.797 0.000

A(n=20) R(n=20) A(n=20) R(n=20)
1 20.30 20.70 406.0 414.0 196.0 406.0 -0.115 0.909
2 24.03 16.98 480.5 339.5 129.5 339.5 -1.989 0.047
3 21.20 19.80 424.0 396.0 186.0 396.0 -0.413 0.680
4 17.88 23.13 357.5 462.5 147.5 357.5 -1.497 0.134
5 24.53 16.48 490.5 329.5 119.5 329.5 -2.503 0.012
6 19.05 21.95 381.0 439.0 171.0 381.0 -0.832 0.405
7 16.18 24.83 323.5 496.5 113.5 323.5 -2.471 0.013
8 17.90 23.10 358.0 462.0 148.0 358.0 -1.519 0.129
9 19.40 21.60 388.0 432.0 178.0 388.0 -0.663 0.507
10 22.40 18.60 448.0 372.0 162.0 448.0 -1.152 0.249
11 23.88 17.13 477.0 342.5 132.5 477.0 -2.044 0.041
12 20.50 20.50 410.0 410.0 200.0 410.0 0.000 1.000
13 22.23 18.78 444.5 375.5 165.5 375.5 -0.984 0.325

L(n=20) R(n=20) L(n=20) R(n=20)
1 20.00 21.00 400.0 420.0 190.0 400.0 -0.289 0.773
2 20.88 20.13 417.5 402.5 192.5 402.5 -0.239 0.811
3 22.00 19.00 440.0 380.0 170.0 380.0 -0.866 0.386
4 22.38 18.63 447.5 372.5 162.5 372.5 -1.180 0.238
5 19.38 21.63 387.5 432.5 177.5 387.5 -0.707 0.480
6 18.13 22.88 362.5 457.5 152.5 362.5 -1.365 0.172
7 21.75 19.25 435.0 385.0 175.0 385.0 -0.726 0.468
8 24.50 16.50 490.0 330.0 120.0 330.0 -2.458 0.014
9 21.38 19.63 427.5 392.5 182.5 392.5 -0.507 0.612
10 21.50 19.50 430.0 390.0 180.0 390.0 -0.572 0.567
11 20.75 20.25 415.0 405.0 195.0 405.0 -0.144 0.886
12 18.00 23.00 360.0 460.0 150.0 360.0 -2.360 0.018
13 17.00 24.00 340.0 480.0 130.0 340.0 -2.196 0.028

Note: Mann-Whitney U, Wilcoxon W, the particularly significant difference between the two means is highlighted in color

non-programmed strategy options for the implementation
of various activities (Kuhl & Kazen, 2008; Porac, 2016).

Conclusions

At each age of 3-5 years, the development and mani-
festation of the motor function of girls when performing
motor actions with their hands is marked by features due
to handedness. At the age of 3, girls with A and R had the
highest score for performing one motor action, girls with
L had three, and the lowest score was 9, 10, and 6 of all 14
actions, respectively. At the age of 4, for the highest score,

girls from A performed only one motor action, girls from
L and R - none, for the lowest score - 5, 5, and 6 motor ac-
tions out of all 9 offered. At the age of 5, girls from A and R
performed one motor action each for the highest score, girls
from L —none, for the lowest score — 8, 6, and 5 motor actions
out of all 13 offered.

When comparing the scores obtained by girls with dif-
ferent handedness, in most cases a statistically significant (at
the level of p <0.05+0.0001) discrepancy was found in each
age period of 3-5 years.

To increase the effectiveness of the educational process,
the teacher needs to pay more attention to the study of motor
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actions, the performance of which was evaluated by girls
with a certain preferred hand with low scores.
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CTAH BUKOHAHHA PYXIB AIBYATKAMMU 3-5 POKIB 13 PI3HOIO
MAHYAJIbHOIO ACUMETPIEIO PYXOBUX Al PYKAMU

Jlecs Tamamamxyk'*5<P, FOmis Cmonsanko?® %, Hatamisa I'yquma'® %, Jlapuca

Bananpka®®c, Terana Munkan*®, Borogumup Mucis'“’%, Bonrogumup Mapuyk'PF

'Kam’siHerib-Ilogminbpepkuit HarlioHaIbHMIT YHiBepcuTeT iMeHi IBana Orienka
*Hanionanpunii yHiBepcuteT «YepHiriBecpkuit koneriym» imeni T.I. IlleBuenka
*YepHiBenpknil HaioHaIbHUI yHiBepcuTeT iMeHi FOpis @enproBrya
‘ITpukapraTcbKuil HallioHaIbHMIT YHiIBepcuTeT iMeHi Bacunsa Credannka

ABTOpPCHKMIT BKTAJ: A — ausaitH gocnipkeHHs; B — 36ip ganux; C — crataHanis; D — migroroska pykormucy; E — 36ip kowrtis

Pedepar. Crarrs: 10 c., 6 TabL., 36 mKeper.

Merta gocnimKeHHA 10/1ATaa Y BU3HAYEHHi CTaHy BUKOHAHHA [iBYaTKaMM 3 Pi3HOI0 MaHYa/lIbHOIO aCMETPi€l0 PyXOBUX il
PyKaMu, 110 BCTAaHOB/IIOE YMHHA IIPOTPaMa /I KOXKHOTO BiKy Iepiofty 3-5 pOKiB.

Marepianu Ta MeToaM. Y TOCIi/PKeHH] B350 yuacTb 60 [{iBYaTOK (IOPIiBHO 3 IIPaBOI0, JIiBOIO JOMIHYI0YOI PYKOIO Ta aMbi-
TeKCTpi€er), KOXKHA BifiBimyBasIa 3aKk/Iaf JOUIKiTbHOI OCBIiTH, a HA MOMEHT ITOYATKY JOCTiI)KEHHA BiK KOYKHOI 3HAXOIMBCA B MeXKax
3 pokiB 5 micsniB 2 fHIB K0 3 pokiB 5 micanis i 29 guiB. [I1sa ofep>XaHHs HeOOXifHNX fJaHNX OY/I0 BUKOPUCTAHO PYXOBi Ail, 1[0
BU3HAUY€Hi YMHHOIO IPOIPaMOI0 PO3BUTKY AUTUHY Y JOIIKiNbHMII epiof. OLjiHI0BanM AKiCTh BUKOHAHHS JliBYaTKaMJ KOXKHOI BI-
3 poku, MoTiM 4 Ta 5 poKiB.

Pesynbratu. KoxxHnit Bik nepiofy 3-5 pokiB Bifi3Ha4aeTbCs 3yMOB/ICHUMHU MaHYa/IbHOIO aCMeTPi€I0 0COOMMBOCTAMI PO3BM-
TKY i BUABY MOTOPHOI QYHKIIiI IiBYaTOK PV BUKOHAHHI PyXOBUX Jiilt pyKamu. IIpy 1boMy, Oi/IbITiCT PYXOBUX Aiil BUKOHYBAIaCH
HiBUaTKaMM KOXXHOI BMOIPKM Ha HIDKYMIT Bifi MakcuManbHoro Oai. Ile He cripusie iHTEHCMBHOMY PO3BUTKY MOTOPHOI (yHKIIi
JiBYATOK, 11O Bifpi3HAETbCA Bifl 3aB/IaHHS, K€ BU3HAYEHO YMHHOIO IIPOTPaMoOI0 JI7IA 3aK/Ia/liB HOMIKiNbHOI ocBiTH. [TopiBHIOIOUNM
pe3y/IbTaTi AiBYaTOK i3 pi3HOI MaHya/IbHOIO aCMeTpI€l0 BUABIIN, 1110 Y O1/IbIIOCTI PyXOBUX [iil Ofiep)KaHi 3a BUKOHAHHSA OL[iHKM
BifIpi3SHAIOTHCA Ha CTATUCTUYHO 3HAYYITY BEIMYMHY, IPUIOMY B KOXKHOMY Billi JOCT/I)KYBaHOTO IIepiofy.

BucHoBKM. BcTaHOB/IEHHST 0COOMBOCTEI! Y IKOCTI BUKOHAHHS [IiBYaTKAMU 3 Pi3HOI0 MaHya/IbHOIO aCUMETPIEI0 PYXOBUX Ail
pyKaMu B KO>KHOMY Billi IIepiofy 3-5 pOKiB € BaX/IMBYUM 3aBJaHHAM. [l 30i/IblIIeHHA [1ieBOCTi OCBITHBOTO HPOLIECY Hefjarory
HeOoOXiJHO MiiBUINTY YBary [0 BUBYEHHS TUX PYXOBMX Aill, SIKi B JiBYATOK i3 IEBHOI0 MaHYyaJbHOKI acMeTpi€ro Oy oliHeHi
HUBBKUMU OaiaMu.

KirouoBi coBa: fiBuaTka, JOLIKITbHUKY, MaHya/TIbHa aCKMeTpiA, MOTOpHa (QYHKIIif, PO3BUTOK.
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Abstract

The aim of this study was to determine the interconnection between physical abilities and fundamental motor skills
in preschool children. The aim was also to determine the differences in the observed variables in relation to gender.
Materials and methods. The testing successfully included 52 preschool children, 30 boys and 22 girls. Five tests of
physical ability (modified agility “T” (MAT) test, broad jump test, standing balance test, squat test and sit up test)
were used, and fundamental motor skills were assessed with the Test of Gross Motor Development, 3rd edition
(TGMD-3). One-way ANOVA was used to determine the effects of gender on results in physical abilities and
fundamental motor skills. The Pearson product-moment correlation coeflicient was used to determine the relation

between physical abilities and fundamental motor skills.

The results of this work indicated, in most cases, a moderate and significant correlation of fundamental motor skills
and parameters of physical abilities both in the total sample and also individually in boys and girls (p < 0.05). A
significant difference in almost all variables of physical abilities and fundamental motor skills was noted in favor of
boys (p < 0.05 and p < 0.01), except for the Standing balance test which indicated that there were not considerable

differences between the sexes (p > 0.05).

Conclusions. So it can be concluded that the information obtained can lead physical education educators to better
understanding of the relations between motor status variables, which further enables them to work effectively with
children who will, by virtue of a proper physical development and education, become and remain physically active

throughout their life.

Keywords: gross motor development, children, agility, strength, balance.

Introduction

Motor development can be defined as the gradual ac-
quisition of control and/or the use of more and less muscle
mass. Due to the interaction of the nervous and muscu-
lar systems, which enables the child to skillfully navigate
in space, manipulate objects and explore the world around
him, it is often called “perceptual-motor development’, as
well as “physical or motor coordination” (Williams & Mons-
ma, 2006). Gross motor development in early childhood is
important for achieving greater interaction with the envi-
ronment (Kit et al., 2017) and is recognized as a means of
assessing the overall level of child development during the
earliest months and years of their life (Dewey et al., 2002).

© Milenkovi¢, D., 2022.

" Croper

&3

/ TMOB

: @ TOB 0BC

[
=

=]

In addition to acquiring and improving the level of physical
abilities, motor development is also characterized by master-
ing motor skills, which begins from the earliest childhood
and lasts until adulthood (Milenkovié, 2021).

Even O’Brien & Hayes (1994) and Williams (1983) consid-
ered the period from 2 to 6 years of ones life to be the “golden
age” of motor development, and modern research recognizes
it as being a valid assertion (Figueroa & An, 2017; Goodway;,
Ozmun & Gallahue, 2021; Pedersen & Hansen, 2022). In the
course of the aforementioned period, children create a basis for
the functioning of the body for the later stage of development
through the acquisition of a large number of fundamental lo-
comotor and manipulative skills, because the early years are the
basis for neuromuscular coordination that each individual uses
throughout life to engage in many mental, social, emotion-
al and recreational dimensions of life (Williams & Monsma,
2006). Locomotor skills are the movement of the body through
space and include walking, running, jumping, galloping,
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climbing, descending, sliding, while manipulative are the skills
of controlling objects and include throwing, catching, hitting,
kicking, shooting, etc. (Haywood & Getchell, 2020).

Motor skills improve in the established order from the
most fundamental to the most complex voluntary move-
ments that keep improving by constant exercise (Milenkovi¢,
2021). The learning process and the basis for the development
of motor skills are closely connected with play and physical
activity in which different motor skills are used (Cech &
Martin, 2012; Riethmuller, Jones & Okely, 2009). Children
have a natural tendency to study their body and the world
around them, while developing their motor skills (Williams
& Monsma, 2006). Most developmental changes in motor
performance over time are considered a product of maturity
and general interaction with the environment and occur lin-
early (Haubenstricker & Seefeldt, 1986), however, it has been
shown that children can learn motor skills if appropriate
training programs are implemented and if sufficient exercise
time is provided (Zipp & Gentile, 2010; Brown, 2010; Palmer
etal., 2020), because motor skills are significantly correlated
with cognitive development factor (Iivonen & Séakslahti,
2014; Van der Fels et al., 2015; Gandotra et al., 2022).

The factors which motor skills depend on concern the
growth and development of the body, physical and cardiore-
spiratory abilities required to perform motor skills (Haapala,
2013), then the maturation of the central nervous system
(Pecuch et al,, 2021), talent (Faber et al., 2020) and at the
end on constant physical activity (Iivonen et al., 2013), ie.
practicing and improving motor skills (Milenkovi¢, 2021).
The dynamics of changes in motor skills is not the same in
every child of the same age, often due to the amount of time
the child has spent practicing a certain skill, which affects
the lower or higher level of motor competence and ability
to participate in physical activity (Hands, 2008). In terms of
overcoming these differences, physical education as an orga-
nized physical exercise offers a variety of contents that allow
children to try on different activities, meeting their needs for
movement and expanding the range of their motor skills and
quality of their performance, which makes them ready for
everyday life (Mostafavi et al., 2013; Lorés, 2020).

The proven reliable and valid Test of Gross Motor Devel-
opment (TGMD) by D.A Ulrich is often used for the research
purposes to assess motor development in children. After the
first edition of the test (Ulrich & Sanford, 1985) which had
the task of dealing with shortcomings in instruments for as-
sessing motor behavior (lack of standardization, difficulties
in identifying specific aspects of movement, impossibility
of mutual comparison), a second edition appeared (Ulrich,
2000 ) as an improvement of the tests from the first edi-
tion with the criterion and normative standardization (Kit
etal, 2017). An even newer third edition of this test (Ulrich,
2016) also allows a successful assessment of motor develop-
ment intended for children from 3 to 10 years of age, both in
healthy children (Maeng, Webster & Ulrich, 2016; Rintala,
Saakslahti & Iivonen, 2017; Mohammadi et al., 2017), and
in children with certain developmental disabilities (Allen
et al., 2017). Editions of this test provide an effective tool
for assessing fundamental motor skills. There is a relatively
acceptable matching between TGMD-2 and TGMD-3 in the
obtained raw scores and somewhat less strength for percen-
tile scores, which indicates similarity, but not interchange-
ability of these editions (Palmer et al., 2021).

This research aims to determine the relationship be-
tween physical abilities and fundamental motor skills in pre-
school children. It is also necessary to determine the differ-
ences in the observed variables in relation to gender.

Materials and methods

Participants

60 preschool children took the test. The testing was suc-
cessfully completed by 52 children, 30 boys and 22 girls (Ta-
ble 1). The written permission of the parents of all children
to participate in this research was obtained, as well as the
consent of the children themselves. The research was orga-
nized in accordance with the recommendations for clinical
research given by the World Health Organization (WHO)
within the Helsinki Declaration (2013).

Measuring instruments

Physical Fitness. Five tests were used in the testing, which
have so far been found to be reliable and valid for assessing
physical abilities (tests of agility, explosive and repetitive
strength and balance). A closer look at the procedures and
the scoring systems can be found on the Topend Sports web-
site (Wood, 2008):

o Modified agility ,T'“ (MAT) test (Sassi, et al., 2009);

o Broad jump test (Castro-Pifiero et al., 2010);

« Standing balance test (Sarabon & Omejec, 2007);

o Squat test (30sec) (Blazevich, Gill & Newton, 2002);

o Sit up test (30sec) (Ojeda, Maliqueo & Barahona-

Fuentes, 2020).

The Witty Timing System (Microgate, Bolzano, Italy)
was used to measure the time when performing the Agility
T test. A digital stopwatch was used to measure time when
performing other physical fitness tests. A measuring tape
was used for the Broad jump test.

Fundamental Motor Skills. The Test of Gross Motor De-
velopment - 3rd edition (TGMD-3) (according to Ulrich,
2016) was used in the testing. TGMD-3 is a criterion-based
and normatively standardized test that assesses the funda-
mental motor skills of children aged 3 to 10. The TGMD-3
consists of a locomotor and ball skills subtest. The Locomo-
tor subtest measures fundamental motor skills that require
fluent and coordinated movement of the child, while the Ball
Skills subtest measures fundamental motor skills that dem-
onstrate the movements of efficient throwing, catching and
striking. Each motor skill is assessed through three to five
criteria based on whether the criterion is met (1 point) or not
(0 points). For each motor skill, two attempts are evaluated,
after which the points obtained for each criterion within the
performed motor skill are added up. The maximum score
that a respondent can achieve on the TGMD-3 is a total of
100 points, 46 points on the locomotor subtest and 54 points
on the ball skills subtest. The usual duration of TGMD-3 is
15-20 minutes per the testee.

Testing procedure

Testing of physical abilities and fundamental motor
skills was performed by trained investigators in the gym
of the preschool institution. Two days earlier, a trial test
was organized to prepare the children for the complete
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procedure they would undergo during the experimental
testing. A warm-up of 15 minutes was performed before
each test. Each of the tests of physical abilities was repeated
three times, so the best result was taken for further analysis.
After completing each test and before moving on to the next,
there was a 5-8 minutes break in order to avoid negative ef-
fects on testing caused by fatigue. TGMD-3 was performed
according to the description presented earlier.

When it comes to assessing fundamental motor skills,
before the implementation of TGMD-3, investigators were
specially trained to administer the test. In order to ensure
the interrater-reliability of TGMD-3, two investigators that
underwent a standardized measurement procedure, inde-
pendently assessed the performance of the subjects. After
completing the testing of physical abilities and fundamental
motor skills, data processing began.

Statistical analysis

In addition to the descriptive parameters (Mean +
St.Dev) for all variables, the one-way ANOVA was used to
determine the effect of gender on scores in physical abilities
and fundamental motor skills. The Pearson product-moment
correlation coefficient was used as well to determine the rela-
tion between physical abilities and fundamental motor skills.
The Pearson product-moment correlation coefficient can be
interpreted as the effect size and it indicates the strength of
the relation between the two variables. According to Cohen’s
(1988), the correlation coefficient of .10 and above is consid-
ered a weak or small correlation, of .30 and over represents a
moderate correlation, and of .50 or over represents a strong
or large correlation. Statistical significance was established at
the levels of p < 0.05 and p < 0.01.

Results

The following chapter presents the obtained research
results in change of direction speed, explosive strength and
running speed (Tables 1 and 2), as well as their interpretation.

Table 1. Descriptives (Mean+St.Dev) and difference

between genders
Indicator Total (n=52) Boys (n=30) Girls (n=22)

Age (y) 574+ 0.9 546405  5.83+0.9
TGDM-3 (raw score) 65.50 £ 10 69.93 +8.4> 59.45 +8.7
Locomotor skills 2931458  32.03+4.6° 2559 +5.3
subtest (raw score)

Ball skills subtest (raw 3¢ )9 | 4o 35074450  33.86 443
score)

MAT test 9.61+0.3 9.41 +0.3° 9.88 0.2
Broad jump test 113.06 £8.79 117.10 £7.4* 107.55+7.6
Standing balance test ~ 41.04 +4.3  40.19+53  42.18 +1.8
Squat test 21.15+ 1.7 21.63 £1.8*  20.50 +1.4
Sit up test 10.08 £2.4 11.17 £2.3% 8.59 1.9

sSignificance between boys and girls p < 0.05;
bSignificance between boys and girls p < 0.01; TGDM-3 -
Test of Gross Motor Development - 3™ edition

Table 1 contains descriptive data of all variables of this
study presented in total and by gender. Variables include
total TGMD-3 score, locomotor subtest score, ball skills sub-
test score, and physical ability tests (MAT test, Broad jump
test, Standing balance test, Squat test and Sit up test). If the
difference between boys and girls is observed, significantly
better results of boys in relation to girls can be determined
for almost all variables: TGMD-3 (F = 19.03, p < 0.001),
locomotor subtest (F = 22.05, p < 0.001), ball skills subtest
(F =11.43, p < 0.001), MAT test (F = 45.73, p < 0.001),
Broad jump test (F = 20.81, p < 0.001), Squat test (F = 5.89,
p =0.019) and Sit up test (F = 18.19, p < 0.001). Significant
differences between boys and girls were not observed in the
Standing balance test (F = 2.86, p = 0.097).

Table 2. Pearson correlation coefficient between TGDM-3
scores (total and by subtests) and physical fitness by gender

Indicator MAT test
Total Boys Girls
TGDM-3 -0.759° -0.628° -0.797°
Locomotor skills subtest -0.767° -0.606° -0.724°
Ball skills subtest -0.666° -0.613° -0.646°
Broad jump test
TGDM-3 0.767° 0.637° 0.784°
Locomotor skills subtest 0.744° 0.615° 0.636°
Ball skills subtest 0.697° 0.566° 0.803°
Standing balance test
TGDM-3 0.391° 0.590° 0.605°
Locomotor skills subtest 0.279* 0.468° 0.584°
Ball skills subtest 0.431° 0.596° 0.520°
Squat test
TGDM-3 0.788° 0.702° 0.691°
Locomotor skills subtest 0.810° 0.819° 0.628°
Ball skills subtest 0.658° 0.549° 0.588°
Sit up test
TGDM-3 0.728° 0.696° 0.565°
Locomotor skills subtest 0.720° 0.650° 0.522°
Ball skills subtest 0.623° 0.634° 0.432¢

aSigniﬁcan‘[ correlation is p < 0.05;
bSignificant correlation is p < 0.01; TGDM-3 - Test of Gross
Motor Development - 3" edition

The relation between physical abilities and fundamental
motor skills (shown as the total score of TGMD-3, locomo-
tor subtest and ball skills subtest) are given in Table 2.

When analyzing the total sample a significant correla-
tion is perceived which is mostly of strong effect size be-
tween almost all tests of physical abilities and the total result
of TGMD-3 (MAT test -0.759; Broad jump test 0.767; Squat
test 0.788; Sit up test 0.728), except Standing balance test
0.391 with moderate effect size. It is similar in the case of
the connection of physical abilities with subtests: locomotor
subtest (strong effect size: MAT test -0.767; Broad jump test
0.744; Squat test 0.810; Sit up test 0.720; small but signifi-
cant correlation: Standing balance test 0.279) and balls skills
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subtest (strong effect size: MAT test -0.666; Broad jump test
0.697; Squat test 0.658; Sit up test 0.623; moderate effect size:
Standing balance test 0.431).

When the sample is observed from the gender point of
view, a significant correlation between the variables of physical
abilities and fundamental motor skills is noticed in both boys
and girls. In boys, there is a strong and significant correlation of
all tests of physical abilities with the overall result of TGMD-3.
Results are the same both in locomotor and ball skills subtests.
In girls, most coeflicients between physical abilities and sub-
tests are significant and strongly correlated, except moderate
effect size between ball skills subtest and Sit up test (0.432).

Discussion

The aim of this study was to determine the connexion
between physical abilities and fundamental motor skills in
preschool children. It was also necessary to determine the
differences in the observed variables in relation to gender.

Observing the connection between physical abilities and
fundamental motor skills, the results of this paper indicate in
most cases a moderate and significant correlation of funda-
mental motor skills and physical ability parameters in the to-
tal sample and also individually in boys and girls (p < 0.05).
Similar results can be found in other researches dealing with
the physical performances of preschool children. Burns,
Brusseau & Hannon (2017) found a significant correlation
between ball skills subtest and physical performances, but
on the other hand, there was no significant interconnection
between locomotor subtest TGMD-3 and physical perfor-
mances. However, the relation between the parameters of
fundamental motor skills and physical abilities is dynamic
and can change during the childhood, so the development of
object management skills in childhood can be important for
the development and maintenance of physical abilities dur-
ing childhood and adolescence (Stodden et al., 2014). This
dynamic relation between motor competence and physical
ability keeps strengthening with age (Utesch et al., 2019),
which has been fully accepted by Stodden et al. (2008), in-
dicating that physical ability plays the role of mediator in
the emergent relationship between motor competencies and
physical activities and that as a child is growing from early
to middle childhood, the relationship of these elements from
the initial weak connection is becoming stronger.

It is considered that the cause of low levels of physi-
cal activity in children is an insufficient level of physical
abilities, as well as a lack of motor competence, ie. low level
of fundamental motor skills (Erwin & Castelli, 2008). The
research shows that the relation between physical param-
eters and fundamental motor skills is significantly related to
the general level of physical activity in children (Castelli &
Valley, 2007; Logan et al., 2015; Webster, Martin & Staiano,
2019; Hu, Wu & Kong, 2022), which also affects later age,
as active children become active adults (Janz, Dawson &
Mahoney, 2000). Any movement in the form of free activity
has a positive effect on fundamental motor skills (Kracht,
Webster & Staiano, 2020; Li, Yin, Sun & Gao, 2022), which
is also true for the impact of organized programs on physi-
cal performances through cardiorespiratory endurance and
fundamental motor skills as well (Brusseau et al., 2018).

When it comes to the differences in the observed vari-
ables of physical abilities and fundamental motor skills in

relation to gender, the results of this study showed a sig-
nificant difference in almost all variables of physical abili-
ties and fundamental motor skills in favor of boys (p < 0.05
and p < 0.01), except for the Standing balance test in which
there are not significant differences (p > 0.05). These results
are consistent with previous research that suggests similar
conclusions (Robinson, 2011; Bonvin et al., 2012; Vameghi,
Shams & Dehkordi, 2013; Mnejja et al., 2022). Barnett et al.
(2010) concluded that boys control objects better than girls,
and Goodway, Robinson & Crowe (2010) who dealt with
determining the difference between boys and girls in object
control and locomotor skills, agree upon that matter. The
reason for such differences between boys and girls can be
found in the various leisure activities and games which chil-
dren participate in. It is common for boys and girls to play
in different ways during their childhood and some of these
activities are in a greater extent in favor of the development
of physical abilities and motor skills in boys, and to a lesser
extent in girls. In addition to the different ways of playing,
the cultural and social factors of the environment in which
children grow up also make a certain contribution, so dolls
are intended for girls, and balls and other sports equipment
for boys. Boys are directed to ball games, climbing, skipping,
dragging and other more “dangerous” activities, while safer
games with less physical engagement are intended for girls.
In this regard, children’s development should not only rely
on free activities, but, already confirmed by numerous other
studies (Roth et al., 2015; Salaj, Krmpoti¢ & Stamenkovi,
2016; Johnson et al., 2019; Hudson, Ballou & Willoughby;,
2021), it is also necessary to conduct programmed exer-
cise within institutionalized physical education, initially in
preschool and then later in school institutions (Milenkovi¢,
2022). All the mentioned researches indicate a positive effect
of organized and planned exercise on the development of
physical abilities and fundamental motor skills in preschool
children. In addition to the positive impact of free activities
and play on motor development, working with children re-
quires professional and organized physical exercise in appro-
priate educational institutions. In that way, the difference in
motor development between boys and girls can be reduced.

The limitations of this research are in the small sample of
respondents and the fact that the sample was taken from two
preschool institutions. Capturing a wider population and a
larger number of respondents would undoubtedly provide
much more precise and reliable results. Besides, a number of
physical performance parameters can be taken into account
that would more fully cover all segments of motor skills.
Nevertheless, this research provides sufficient information
that can indicate the importance of motor development of
preschool children and serve for some new research based
on the previous ones, can result in more complete picture of
this problem.

Conclusion

Due to the different levels of physical activity to which
they are exposed, children may have a rich and varied move-
ment experience versus children whose motor manifesta-
tions are poor. This is why it is necessary to expose pre-
schoolers to an appropriate level of physical activity that will
cause adaptive changes in motor skills and enable the devel-
opment of those skills. Institutionalized physical exercise in
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the form of preschool physical education plays an important
role in this process. In order to improve the motor status
and proper development of the organism, the work program
requires professional planning, diverse and interesting con-
tent, adequate feedback, instructions and encouragement
of educators as a contribution to raising self-confidence, es-
pecially for children with poor motor skills. When it comes
to the results of this research, the information obtained
can help the physical education educators to achieve bet-
ter understanding of the relationship between variables of
motor status, which further allows them to work effectively
with children who will become physically active throughout
physical development and education throughout their life.
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3B’A30K MIXK ®OI3SUMHUMU 3QIBHOCTAMU 1 OCHOBHUMU
PYXOBUMUW HABUYKAMU QITEA AOLWKIJIbHOIO BIKY

Hesan MinenkoBuy'ABCP

'VuiBepcuter YHioH - Hikona Tecna

ABTOpPCHKMIT BKTAJ: A — Am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E — 36ip komtis

Pedepar. Crarts: 8 c., 2 Tab., 66 mxepert.

MeTo10 1[HOTO FOCTIIKeHHS 6y/I0 BU3HAYNTI B3AEMO3B 130K MK (pisnuHnMM 3i6HOCTAMM Ta OCHOBHUMM PYXOBVIMIU Ha-
BUYKaMM JIiTeil ZOUIKIIbHOTO BiKy. MeToI0 TakoX 0y/10 BUSHAYUTH BifMIHHOCTI CIIOCTepe)XYBAHUX 3MIiHHUX Y 3B’5I3Ky 31 CTATTIO.

Marepianu Ta MeTOgM. Y4YacHMKAMM TeCTYBaHHs YCIIIIHO CTanM 52 IUTUHY JOLIKiIBHOrO BiKy: 30 XIOIMUNMKIB i 22 fiBunH-
K. BuxopucroByBamu w'saTh TectiB Ha isuuHi 3pibHOCTI (MogudikoBanmit TecT Ha ciputHicTb «T» (MAT), Tect Ha cTprbxn
B JIOBXIHY, TeCT Ha 30epe>XeHHsI pIBHOBArM B IIOJIOKEHHI CTOSYM, TeCT Ha IPKCIH i TeCT Ha MifiioM Tyny6a B Cif i3 IOTOXKeHHs
JIeXKadn), a OCHOBHI PyXOBi HaBMYKM OLIIHIOBA/IM 3a JIOIOMOTOI0 TecTy pO3BUTKY BEIMKOI MOTOPUKM, 3-T€ BupjanHAa (TGMD-3).
JIna BU3HaYeHHA BIUIMBY CTaTi Ha pe3yabraTé Qi3VYHMX 3MiOHOCTENl Ta OCHOBHUX PYyXOBMX HaBMYOK BYKOPUCTOBYBAIM OJfHO-
(dhakTOpHMIT AUCTIepCiiiHMit aHai3. ]/t B3HaYeHHsI 3B 13Ky MDK (pi3nmaHMMM 31i0HOCTSMY Ta OCHOBHMMMY PYXOBMMM HABMYKAMM
BUKOPUCTOBYBanu koedinieHT kopersnii [lipcona.

Pesynbratu niei po6oTu mokasamm B 6i1bIIOCTI BUIA/KIB HOMIpHY Ta 3HAYYIy KOPE/ALi0 OCHOBHUX PYXOBUX HaBIYOK
i mapamerpiB ¢isnyHMX 3A16HOCTEN AK y 3ara/ibHiil BUOIpIH, Tak il iHAMBIAYaNTbHO Y XJIOMUYNKIB 1 AiBunMHOK (p<0,05). Maibke B
ycix 3MiHHMX (isndHUX 3Ai6HOCTeI! | PyHAAMEHTaTbHMX PyXOBUX HABMYOK BifIl3HaUeHa 3HAYYIIA PISHULISI HA KOPUCTD X/TOMYNKIB
(p<0,05 ta p<0,01), 3a BUHATKOM TeCTY Ha 30epeXKeHHs PIBHOBAIM B IIOJIOXKEHHI CTOAYM, KM IOKa3aB, 1110 3HAYHNUX BifMIHHOC-
Telt MiX crartsamu HeMae (p > 0,05).

BucHoBku. TakuM 4MHOM, MOXHA [IiJiTV BMCHOBKY, IJO Ofiep>kKaHa iHdopMallis MoxKe IPUBECTH BUNTeNiB (isMYHOrO BU-
XOBaHH;I 10 KPAIOro pO3yMiHHsI 3B 3KiB MDK 3MiHHUMU PyXOBOTO CTAaTyCy, 10 Ha/ja/li JO3BOIUTD iM epeKTUBHO IIpAIIOBATH 3
IiTbMM, AKi 3aBJAKYU IPaBUIbHOMY (DiSIYHOMY PO3BUTKY Ta BUXOBAHHIO CTAaHYTD i 3a/MIIAThCS (Pi3MYHO aKTVBHMMMU IPOTATOM
YCbOTO >KUTTA.
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Abstract

Study purpose. The objective of the study was to assess the relationship between quality of life and physical activity

level and family well-being.

Materials and Methods. The International Physical Activity Questionnaire (IPAQ) was used to assess parental
physical activity. The quality of life was assessed with the Short Form (SF-36) Health Survey Questionnaire. The

data obtained were processed using cluster and correlation analysis, and descriptive statistics. The study involved

106 young adults (married couples), who were parents of preschool and primary school-aged children.

Results. An assessment of parental physical activity showed that 62.3% of the respondents had a low level of physical
activity and 37.7% had a moderate level, whereas no individuals with a high level of physical activity were found.
Families with children were divided into clusters with the k-means method according to the level of physical activity:
Cluster 1 included families with a low level of physical activity; and Cluster 2 included the families with a moderate
level of physical activity. The results of the study confirmed the relationship between the quality of life and the level
of physical activity and family well-being. It was found that all the quality of life components of the study participants
with a moderate level of physical activity are significantly higher (p<0.05) than those of the participants with a low
level of physical activity. Correlation analysis of family well-being and quality of life indicators revealed significant
relationships (p<0.05) between physical functioning, physical role functioning, vitality, and mental health.
Conclusions. The direct statistically significant relationship between family well-being score and quality of life

components of the respondents was demonstrated.

Keywords: health-enhancing physical activity, quality of life, family well-being, active leisure, parents, children.

Introduction

The issue of population health promotion and mainte-
nance is the main economic, social, and political challenge
for the state. According to sociological surveys, only 15%
of Ukrainians consider themselves healthy (Andreieva et
al., 2020; Yelizarova et al., 2020). Every year, the percentage
of sedentary people who do not meet the recommended
level of regular physical activity is increasing (Guthold et
al., 2020). As noted by the WHO, physical inactivity ranks
fourth among the factors that are responsible for premature
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mortality of people on a global scale (Bull et al., 2020). Due to
a significant number of the population that is not involved in
health-enhancing and recreational physical activity in con-
junction with ignoring other components of a healthy life-
style, Ukraine has one of the worst indicators of the average
duration and quality of life of people in Europe (Andreieva
et al,, 2020). Therefore, it is necessary to implement various
programs aimed at overcoming this social challenge. It is
worth noting that the development and implementation of
measures to improve the quality of life are fully consistent
with the European and global trends of population involve-
ment in physical activity. In Ukraine, over the past 20 years,
the measures have been taken to increase the number of the
population involved in physical activity during leisure time
(Andreieva et al., 2022). The researchers are currently in an
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active search for a solution to the challenges of introducing
health-enhancing physical activity during the organization
of family leisure (Maltsev et al., 2022; Rodriguez-Sanchez et
al,, 2011; Taylor et al., 2012). At the same time, insufficient
attention has been paid to the relationship between the qual-
ity of life and the level of physical activity and family well-
being in scientific studies. Thus, despite close attention to
family leisure research, the main studies have been focused
on issues of quality of family life (for example, family satis-
faction and family cohesion) and the organization of family
leisure (for example, the influence of socioeconomic status
on family well-being, barriers to family leisure activities,
etc.), as well as assessing the relationship between family
leisure patterns and family functioning (Zabriskie, 2001).
A systemic analysis of the specialized literature gave us an
understanding of the breadth and depth of research in the
field of family leisure, but no attempts were made to quan-
titatively synthesize and interpret the relationships between
quality of life and physical activity level and family well-
being. The generalization of such results will increase the
possibility of finding previously unrecognized statistically
significant relationships between the studied variables and
will allow them to be used as a factor of population’s involve-
ment in health-enhancing and recreational physical activity.

The objective of the study was to assess the relationship
between the level of quality of life and physical activity and
family well-being.

Material and methods

Participants

The research involved 106 families (the average age of
parents was 35.1+4.2 years). The family structure of 95.3%
participants included four people: two adults (mother and
father) and two children. All the participants (parents) were
asked to carefully read and sign the informed consent form,
which described all stages and procedures of the study.

Procedure

The first stage of the study included an assessment of
the level of parental physical activity. Assessment was based
on responses to the International Physical Activity Ques-
tionnaire (IPAQ). A version consisting of 27 items divided
into five parts was used. Each part covers a specific type of
activity: job-related physical activity (part 1); transportation
physical activity (part 2); housework, house maintenance,
and caring for family (part 3); recreation, sport and leisure-
time physical activity (part 4, when answering the questions
of this part of the questionnaire, those types of physical ac-
tivity that the respondents already mentioned, i.e. physical
activity related to job, transportation, housework, and caring
for family, were not taken into account); time spent sitting
or lying down (part 5, the time spent in transport was not
taken into account). The IPAQ provided an opportunity to
describe and analyze in detail general PA and its particular
types such as leisure-time PA, home and outdoor PA, job-
related PA, transportation-related PA. The structure of the
IPAQ make possible to differentiate various types of activities
by intensity as follows: low-intensity, moderate-intensity, and
vigorous-intensity activities. An analysis of the survey results

included several stages. At the first step, energy expenditures
were calculated for each type of activity taking into account
the intensity of activity (low, moderate, and vigorous). At the
second step, the level of total physical activity was estimated
in MET-minutes per week. The total level of PA in MET-min-
utes per week is equal to the sum of the total amounts of each
type of physical activity (job-related, transportation-related,
home and outdoor PA, and leisure-time PA).

The second stage included quality of life assessment.
Quality of life was assessed using the Short Form 36 (SF-36)
Health Survey Questionnaire (Hagstromer et al., 2006; Lins
& Carvalho, 2016). The questionnaire made it possible to
assess all the components of quality of life including those
related to general health status. SF-36 consists of 36 ques-
tions, which are combined into 8 scales and two summary
components, and was designed to evaluate general health
perceptions; limitations in physical activities because of
health problems; limitations in usual role activities because
of physical health problems; limitations in usual role ac-
tivities because of emotional problems; limitations in so-
cial activities because of physical or emotional problems;
bodily pain; vitality (energy and fatigue); and general mental
health (psychological distress and well-being). The scales are
constructed to measure physical and mental components of
health. The answers for each item are scored on a 0 to 100
range so that a high score defines a more favorable health
state. Then the items in the same scale are averaged together
to create the 8 scale scores.

Statistical analysis

Clustering by means of Data Mining was used in the
study. Families with children were divided into clusters with
the k-means method according to the level of physical activ-
ity (Cluster 1 included families with a low level of physical
activity; and Cluster 2 included the families with a moderate
level of physical activity). A normality test of the raw data
using the Shapiro-Wilk test showed that they did not comply
with the normal distribution. Therefore, the median (Me),
25 and 75 percentiles were used to represent the data, and
Spearman’s rank correlation coefficient was used for correla-
tion analysis.

The significance level was set to a=0.05. The exact p-
values are given in the test, and when the p-value was less
than 0.0001, it was indicated that p <0.01. Mathematical and
statistical processing of the raw data was performed using
the statistical software Statistica 10.0.

Results

According to the questionnaire results, the respondents
were placed using the Categorical Score into one of the three
categories: low or inactive, moderate, and high. No individuals
with a high level of physical activity were identified in this study.
Depending on the level of physical activity, the participants
were divided into two clusters: with a low (Cluster 1) and mod-
erate (Cluster 2) levels of physical activity. The first cluster in-
cluded 66 people, and the second cluster consisted of 40 people.

To analyze the relationship between the components of
the quality of life and physical activity, the respondents were
assigned to two clusters on the basis of their physical activity
(Table 1).
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Table 1. Assessment of quality of life indicators in parents with different levels of physical activity (n=106)

Average values, points

Normality test results

Quality of life components Cluster 1 (n=66)

Cluster 2 (n=40)

s \
Me 25%,75% Me  25%,75% ! 2 : =
Physical functioning 700  65.0;750 850  85.0;90.0 0941 0004 0796  <0.05
Role limitations due to physical health 500  25.0;50.0 75.0  75.0;100.0 0.829  <0.05 0797  <0.05
problems
Bodily pain 520 31.0;520 940  87.0;100.0 0.820  <0.05 0.776  <0.05
General health perceptions 35.0 30.0;42.0 59.5  45.0;80.0  0.959 0.028 0.934 0.021
Vitality (energy and fatigue) 350  20.0;350 750  60.0;85.0 0912  <0.05 0937  0.027
Social functioning 375 250;50.0 62.5 62.5;87.5 0869  <0.05 0.849  <0.05
Role limitations due to personal oremotional - 55 o 555 533 (o0 (oo667 0466 <0.05 0.774  <0.05
problems
General mental health (psychological distress ) o 3y 3¢ 760 700,800 0774  <0.05 0912 0.004

and well-being)

Note: Me — Median; 25%, 75% - percentiles; W), W, — Shapiro-Wilk test values for Clusters 1 and 2, respectively; p,, p, - the

achieved significance levels.

Table 2. Comparative analysis of quality of life indicators of the families with children who had different levels of physical

activity (n=106)

. . Calculated data
Quality of life components o 3 - = P
Physical functioning 2408.0 3263.0 197.0 7.316 <0.05
Role limitations due to physical health problems 2614.0 3057.0 403.0 5.974 <0.05
Bodily pain 2308.0 3363.0 97.0 7.968 <0.05
General health perceptions 2585.5 3085.5 374.5 6.159 <0.05
Vitality (energy and fatigue) 2224.0 3447.0 13.0 8.515 <0.05
Social functioning 2437.0 3234.0 226.0 7.127 <0.05
Role limitations due to personal or emotional problems 2634.5 3036.5 423.5 5.840 <0.05
General mental health (psychological distress and well-being) 2245.0 3426.0 34.0 8.379 <0.05

Note: ¥r,, Xr, — sum of ranks for the samples Cluster 1 and Cluster 2, respectively; U — Mann-Whitney U test; Z — Z-test; p — the

achieved significance level.

A comparative analysis indicated that the group of re-
spondents who formed Cluster 2 have significantly higher
values of quality of life components then the participants
from Cluster 1 (p<0.05) (Table 2). Obviously, families that
had a higher level of health-enhancing recreational physi-
cal activity and, accordingly, a higher level of family well-
being, are also demonstrated higher values of quality of life
components.

The results of correlation analysis using Spearman’s rank
correlation coefficient p confirmed the presence of direct
statistically significant (p < 0.05) relationships between fam-
ily well-being and quality of life components excluding gen-
eral health (Fig. 1).

The families from the Cluster 2 also had higher values
of physical and mental components of quality of life. Fur-
thermore, the differences between the values of the mental
component were found to be significant at p<0.05 (Table 3).

No significant differences were observed between dif-
ferent clusters in the values of physical component of quality
of life (p > 0.05), however the mean values of the members

Physical functioning

Physical role functioning

Bodily pain

0.608; p<0.05) (0.425; p<0.05) (0.316; p<0.05)

AN
AN

Family well-being >

/

General health
(0.154; p>0.05)

General mental health
(0.401; p<0.05)

Emotional role functioning |~
(0.354; p<0.05)

Vitality
(0.415; p<0.05)

Social functioning
(0.310; p<0.05)

Fig. 1. Influence of family well-being on the quality of life of
respondents (n=106)

of the Cluster 2 were higher compared to Cluster 1. Further-
more, the direct significant relationship between the family
well-being score and quality of life components of the re-
spondents was shown. The decreased scores of mental com-
ponent in the survey participants compared to the published
data, including the standardized values of the scales, can
be explained by the unfavorable conditions of quarantine
restrictions on the Ukrainian territories where the survey
took place.
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Table 3. Analysis of scores of quality of life components
(n=106)

Quality of life components

Results of comparative Physical Mental
analysis Cluster Cluster Cluster Cluster
1 2 1 2
Normalityof W 0.973 0958 0.935 0.923
distribution test 0.164 0.144 0002 0010
Normality of  + - + -
distribution
Descriptive Me 52.8 538 28.3 47.5
statistics 25% 491 507 259 445
75% 56.5 57.4 31.2 51.1
Comparative U 1119 43.0
analysis z 1.307 8.320
p 0.191 <0.05
Correlation p 0.270 0.317
with thelevel 2.853 3.404
of family well-
being P value <0.05 <0.05
Discussion

Many authors have devoted their research to assessing
the relationship between the quality of life and physical ac-
tivity level of different population groups (Grygus, 2017;
Hakman et al.,, 2018; Kashuba et al., 2021; Krutsevich et al.,
2021). In domestic and international science, the field of
research is actively growing, which studied the quality of
life as a complex medical and social phenomenon (Grygus
et al,, 2019; Karpukhina et al., 2020; Pavlova et al., 2016).
Researchers offer theoretical models aimed at finding rela-
tionships between the functional state of an individual and
his well-being (Andrieieva & Hakman, 2018; Drozdovska
et al., 2020). Studies devoted to the use of health-enhancing
recreational technologies to ensure the quality of human life
have made it possible to solve some theoretical and practi-
cal issues of ensuring an appropriate quality of life for vari-
ous population groups. Strong evidence (mainly from ran-
domized controlled trials) has shown that, for adults aged
18-65 years, physical activity improves quality of life and
well-being (Marquez et al., 2020). Nevertheless, scientific
research on the relationship between physical activity and
quality of life is narrowly focused, since the main object of
study remains somatic health (Andrieieva & Hakman, 2018;
Galan et al., 2019; Kashuba et al., 2019). A number of issues
regarding the relationship between physical activity and in-
dividual components of quality of life, such as mental health,
family well-being, life satisfaction, etc., remain insufficiently
studied (Andrieieva et al., 2019; Hakman et al., 2020; Orik-
hovska et al., 2020).

The results obtained in our study expanded scientific
knowledge regarding the importance of the optimal level of
physical activity for ensuring recreational effect, quality oflife,
and improving physical and mental health of adult persons.
We confirmed the data of researchers (Granero-Jiménez

et al., 2022) regarding the close correlation between the
physical activity level and psychological well-being of the
study participants. Also, our research results complement
the data reported by Sobkey (2014). A study involving
100 participants aged from 18 to 70 revealed a positive
association between physical activity and health-related
quality of life that was measured with the Short Form Health
Survey (SF-36) in 4 domains, including physical functioning,
role limitations due to physical health problems, vitality,
and general health (Kokandi et al., 2019). Another study of
400 people aged 18-60 using the IPAQ and SF-36 showed that
more than half of the studied population (57%) had a low
level, 30% had a moderate level, and 13% had a high level of
physical activity. In contrast, no individuals with a high level
of physical activity were found in our study. Their health-
related quality of life was highly correlated with their level
of physical activity. The main domains related to physical
activity were physical functioning, role limitations due to
physical health problems, and general health (Moshibah et
al., 2015). Pavlova and co-authors conclude that a low level
of physical activity correlates with low indicators of quality
of life, in particular with the predominance of passive forms
of recreation, reduce quality of life values on the scales of
general health, physical functioning, vitality, and mental
health (Pavlova et al., 2016). In our study, similar results
were obtained, in particular we confirmed the data regarding
the relationship between the quality of life of adults and the
health status and of physical activity level. Individuals with
a moderate level and a low level of physical activity had
statistically significant differences in all of the quality of life
components.

There is a substantial body of research evidence regard-
ing the relationship between the quality of life and family
well-being of parents of children with disabilities (Bjornson
et al,, 2008; Park, 2021; Pratesi et al., 2021; Silva et al., 2020;
Xu et al., 2018). Nevertheless, there is a lack of data on the
improvement of quality of life of families due to organizing
active leisure time. Researchers note that promoting family
physical activity is important for encouraging healthy habits
in children. The results obtained in the study (Paez et al,,
2022) show that children of parents with a low level of physi-
cal activity often have excess body weight, disharmonious
physical development, and low physical fitness. Therefore,
it is important to encourage parents and children to partici-
pate in health-enhancing and recreational physical activities
together.

The results of this study provide relevant information to
professionals in health-enhancing and recreational physical
activity regarding the arguments for increasing the level of
participation of clients in regular physical exercise. Further
study of the relationship between quality of life and physi-
cal exercise, in particular during leisure time, is promising
for the development of effective health programs aimed at
ensuring a high level of well-being in people of all ages in
order to achieve adherence to physical exercise and improve
psychological well-being.

The main limitations of this study are related to the sam-
pling technique, since we used an on-line approach, as well
as the lack of information on the nature of the parents’ em-
ployment, which did not allow us to assess the relationship
between physical activity level and quality of life depending
on professional activity.
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Conclusions

The results of the study confirmed the relationship be-
tween quality of life and physical activity level and family
well-being. It was found that all the quality of life compo-
nents in study participants with a moderate level of physi-
cal activity were significantly higher (p<0.05) than in the
participants with a low level of physical activity. Correlation
analysis of family well-being and quality of life indicators
revealed significant relationships (p<0.05) between physical
functioning, physical role functioning, vitality and mental
health.
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Abstract

The study purpose was to develop a selection technique in martial arts based on indices of physical development

using Wald's sequential analysis.

Materials and methods. 12 anthropometric indicators were determined. 9 indexes of physical development were
calculated on their basis. 16 elite athletes (candidates for masters and masters of sports) were divided into two groups.
Group 1 included 7 athletes (judo, sambo, Greco-Roman and freestyle wrestling) aged 18.43+0.43. Group 2 included

9 kickboxing athletes aged 18.22+0.52.

Results. A prognostic table containing indices of physical development has been developed. The informativeness of
the indicators varied within 296.15-1.73. The content of the prognosis consists of evaluating the results, determining
the corresponding coefficients and summing these coefficients until one of the prognostic thresholds is reached.

In accordance with generally accepted approaches, the value of the thresholds was set at the level of +13, which
corresponds to a probability of 95% (p<0.05). Exceeding the positive threshold improves an athlete's prospects in
wrestling. Achieving a negative threshold corresponds to a perspective in kickboxing.

Conclusions. The conducted research made it possible to justify and develop a method for selecting martial arts
athletes using indices of physical development. The proposed technique is based on Wald's sequential analysis and is
a simple, informative and objective tool for the selection and prognosis of athletes' condition.

Keywords: martial arts, physical development, indices, selection, success.

Introduction

Effective selection is one of the leading tasks in sports
science nowadays. The selection procedure involves the use
of tests and functional tests (Ishihara, Kuroda, & Mizuno,
2019). The main requirement for the tests is to reflect the
specifics of the sport. This significantly increases the effi-
ciency of selection.

The use of various methods for sports selection and
prognosis is analyzed in this study (Spann and Skiera, 2009).
Itis concluded that the combination of these methods signif-
icantly increases the efficiency of this procedure. A similar
conclusion was made in the study (Thsan et al., 2022) studied

© Podrigalo, L., Keo, S., Podrihalo, O., Olkhovyi, O., Paievskyi,
V., & Kraynik, Ya., 2022.
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the technique of pencak-silat. The quality of technical el-
ements is determined by both physical and psychological
components.

The effectiveness of selection in handball was evalu-
ated in the study (Schorer et al., 2017). The selection sys-
tem included general and special tests, expert assessment of
athletes’ performance, analysis of their performance during
games based on video analysis. Test results were the most
effective components of the selection.

The analysis of physical, anthropometric and strength
qualities of rugby players was carried out in the study (Pearce
et al,, 2018). Discriminant analysis was used to increase the
efficiency of selection and prognosis. The high significance
of the used indicators was determined.

Morphofunctional features of basketball players can be
used as criteria for sports selection and orientation (Bezmylov
et al., 2022). The informativeness of anthropometric
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indicators (body length and mass) and indicators of
functional capabilities (VO,max) were confirmed. The
authors proposed using these indicators for the athletes
functional state monitoring.

It is proposed to use the ratio of the length of the limb
segments to the body length and somatotype for selection
and predict the success in basketball (Korkmaz, Cetin, &
Bozduman, 2020). These ratios were significantly higher in
basketball players than in the control group. The indexes
used are specific to basketball. They can be used for selection
and prognosis in this sport.

The possibilities of controlling the effectiveness and ef-
ficiency of selection in volleyball were studied in the study
(Altavilla et al., 2022). Monitoring of physical qualities and
jumping ability is recognized as an important aspect. Creat-
ing an anthropometric profile of athletes significantly in-
creases the objectivity of the assessment.

A comparative analysis of tests for the selection, diag-
nosis of abilities and capabilities of athletes was carried out
in the study (Kalina & Jagielto, 2018). Hardware and simula-
tion methods were considered the most effective.

Analysis of indicators of physical development is an in-
formative and valid tool for sports selection. The anthropo-
metric characteristics of athletes are an important compo-
nent of selection and success (Burdukiewicz et al., 2018).
The authors analyzed the biometric data of martial arts ath-
letes and determined somatotype features characteristic of
their specific types. The development of such a profile makes
it possible to increase the effectiveness of selection and prog-
nosis in these sports.

Similar results were obtained in the study (Konstanti-
nova et al., 2019). The authors determined the character-
istic features of freestyle wrestlers’ somatotype. Athletes
were most often characterized by a brachymorphic somato-
type. It is recommended to use Rohrer’s index to determine
the level of physical development of wrestlers.

Functional preparedness standards for women 25-35
years old were developed on the basis of a complex of modes
of muscle energy supply (Furman et al., 2022). The obtained
results became the basis of models of functional prepared-
ness of women aged 25-35 with different somatotypes. It
was concluded that the somatotype should be considered in
assessing indicators of functional preparedness.

Achievement of success in martial arts is ensured due
to optimal body composition, the development of muscle
strength, flexibility, anaerobic and aerobic potential (Mata-
Ordonez et al., 2018). Effective selection and forecasting
should include these qualities. The specificity of martial arts
implies constant control of body weight as an integral indi-
cator of physical development.

Indices of physical development are an informative tool
for the analysis of physical fitness in sports and recreational
physical culture. It is proposed to use anthropometric in-
dicators and indices based on them for selection in sports
games (Masanovic et al., 2019). The possibility of using an-
thropometric indices, body composition and functional in-
dicators as criteria for the effectiveness of health training has
been proven (Eroglu Kolayis & Arol, 2020). It is proposed
to use the body mass index for the comparative assessment
of young Swiss men (Wyss et al., 2019). The stability of this
indicator is associated with maintaining sufficient physical
fitness.

The available results confirm the effectiveness of the ap-
plication of anthropometric indicators and indices for selec-
tion and prognosis in sports. This determined the relevance
of the study.

The purpose of the research was the substantiation and
development of the selection method in martial arts based
on indices of physical development using Wald’s sequential
analysis.

Material and Methods

Participants

16 elite athletes (candidates for master and master of
sports), who were divided into groups, took part in the
study. The first group included 7 wrestlers (judo, sambo,
Greco-Roman and freestyle wrestling), age (18.43+0.43)
years. The second group included 9 kickboxing athletes, age
(18.22£0.52) years. The average age and skill level of the
groups did not differ significantly.

The research program and design were discussed and
approved at the meeting of the commission on bioethics
of the Kharkiv State Academy of Physical Culture (proto-
col No. 15 dated January 26, 2022).

The research design included the determination of
12 anthropometric indicators. Measurements were per-
formed according to the requirements of the unified method
of anthropometric studies (Marfell-Jones et al., 2001). Body
length and weight, chest circumference, length and circum-
ference of limb segments, wrist dynamometry of both hands
were determined. A set of special indices based on the indi-
cators under study was used.

Procedure

Body mass index (BMI) was defined as the ratio of body
mass (kg) to body length (m2). Values of 20-25 are accepted
as the norm.

The Erisman index was found as the difference between
the chest circumference and half of the body length. Propor-
tional physical development is characterized by a positive
value of this indicator. Its value is not less than 5.8 cm in
athletes.

The power index was defined as the ratio of wrist dyna-
mometry to body mass, expressed in percentage. Values of
50%-75% are accepted as the norm.

The ratio of the limb segments was determined as fol-
lows: hands - as the ratio of the forearm length to the shoul-
der length.

The Vervek index was determined by the formula:

IV=BL/(2xBM + CC),

where BL - body length (¢cm), BM - body mass, (kg),
CC - chest circumference at rest, (cm). With an IV value
in the range of 0.75-0.85, the physique is estimated as hy-
persthenic, 0.85-1.25 — normosthenic, 1.25-1.35 - asthenic.

The Livi index was determined by the formula:

IL = CC/ BL,

where CC is the chest circumference at rest (cm), BL is
the body length (cm). The value of IL in the range of 50-55%
indicates harmonious physical development.

The indicators of the limb segments mass and the con-
ditional moments of force of the limb segments were deter-
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mined according to the formulas given in the study (Epypha-
nov, 1999). The massiveness indicators were determined by
the formula:
SMI=CSx100% / LS,

where SMI is the segment massiveness indicator (c.u.),
CS is the circumference of the segment (cm), LS is the length
of the segment (cm).

The segment conditional moments of force were deter-
mined by the formula:

SCMF=CSxLS,

where SCMF is the segment conditional moment of
force (cm?), CS is the circumference of the segment (cm), LS
is the length of the segment (cm).

Average values for the entire sample were considered the
norm in the indicated indices.

Statistical analysis

Statistical analysis of the obtained data was per-
formed with the help of licensed MS Excel. Wald’s sequen-
tial analisys was used as a tool for solving the prognostic
problem (Antomonov, 2018; Gubler, 1990). The method is a
prognostic table, which includes coefficients of indices and
their informativeness. Prognostic coefficients were calcu-
lated according to the formula:

rl
PC=10 - log
p2 3

where,

PC is predictive coefficient;

S is the total number of people in the group;

D1 is the number of test persons who had a value more
than the average value in group 1;

D2 is the number of test persons who had a value more
than the average value in group 2;

pl is the probability of exceeding the average value in
group 1;

p2 is the probability of exceeding the average value in
group 2.

The predictive coefficients in the case of the value lower
than average were found similarly.

The informativeness is calculated by the formula:

v as (o ) 22

where, I is the informativeness; other designations are

the same as in the previous formula.

Results

The developed selection method for various types of
martial arts is given in Table 1.

The prognostic table includes the indices, the value of
its prognostic coefficients, and the value of informativeness.
The indicators in the table are placed in the order of decreas-
ing informativeness. This minimizes the number of steps in
the prognostic procedure and reduces the number of pos-
sible errors. An informativeness value below 1.0 was consid-
ered insignificant. Indicators with such or less informative-
ness were excluded from the table.

Selection in martial arts is carried out in several stages.
The used indices of physical development are calculated, and
their values are estimated. The prognostic coeflicient of each
index is determined and their sequential summation is car-
ried out. When the indices specified in the table are fulfilled,
the positive coefficient is summed, when they are unfulfilled,
the negative coeflicient is summed. The value of the per-
missible error is 5%, which corresponds to the value of the
threshold of 13 points. When the threshold +13 is reached, a
conclusion is made about the athlete’s prospects in wrestling
(p<0.05). When the -13 threshold is reached, a conclusion is
made about the athlete’s prospects in kickboxing (p<0.05).
If, after completing the table, none of the thresholds are
reached, a conclusion is made about an uncertain prognosis
and the need for additional research.

Discussion

Physical development is an effective tool for assessing
the athletes’ condition. This determines the use of these
indicators in sports selection, prognosing the sports skills
growth and success. The main requirements for the criteria
used are validity, informativeness and specificity for the sport
(Klymovych et al., 2020). The validity of this approach was
confirmed when analyzing the condition of female synchro-
nized swimming athletes of different skill levels (Rovnaya et
al., 2016), athletes of various types of martial arts (Romanen-
ko et al., 2020). Non-observance of these requirements does
not allow effective selection and prognosis. This is reported
in the study (Giovanis et al., 2017). The authors applied tests
specific for ski slalom to football players. This significantly
distorted the existing results.

Wald’s sequential analysis is quite widely used in medi-
cal and biological research (Antomonov, 2018; Gubler,

Table 1. Prognostic table of selection for different types of martial arts

) Prognostic coefficients )
Indice = = = Informativeness
Wrestling n=7 Kickboxing n=9
Shin massiveness index, not less than 93 c.u. -7.94 8.87 296.15
Left hand power index, not less than 50% 8.08 -4.93 243.72
Thigh massiveness index, not less than 141 c.u. -4.35 5.07 107.01
Right hand power index, not less than 50% 4.10 -2.59 71.62
Right hand index, more than 0.75 c.u. -1.92 5.86 30.46
Shin conditional moment of force, not less than 1512 cm? 2.06 -2.89 27.80
Livi index, over 50% -1.34 2.85 13.81
Body mass index, within 20-25 kg/m? -1.13 1.09 7.16
Erisman index, more than 5 cm -0.67 1.09 3.19
Vervek index, over 0.85 1.09 -0.16 1.73
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1990). An important advantage of this method is the pos-
sibility of choosing the probability of the prognosis. It can
vary between 80-99.9% depending on the selected threshold
value (8-30 points). To obtain a reliable result, 7-10 indica-
tors should be included in the table. The methodology devel-
oped by us includes 10 indicators. This makes it possible to
consider it informative.

Sequential analysis was used to develop a technique for
predicting success in artistic swimming (Podrihalo et al.,
2021). The methodology uses indices of physical develop-
ment and the results of functional tests specific to this type
of sport.

The physical development index method evaluates the
ratio between individual anthropometric indicators and the
dependence between them. The wide use of indices in sports
science and practice is due to their simplicity and availabil-
ity of definition, the possibility of use in athletes’ condition
monitoring.

The used design is the analysis of the elite athletes condi-
tion allows to significantly increase the efficiency of the anal-
ysis. The dependence of training organization and metabolic
parameters in elite taekwondo athletes has been confirmed
(Sung et al., 2017). An important tool for condition moni-
toring was the determination of indices of physical develop-
ment and somatotype components.

The informativeness of the results can be significantly
increased because of the use of a set of indices. This approach
was tested in the study (Podrigalo et al., 2019). Indexes were
used to compare the athletes” physique in different types of
martial arts. Certain features have been confirmed. A higher
body mass index in wrestlers reflects the predominance of
the muscle component of the somatotype. The Erisman and
Pignet indexes, the shoulder width index illustrate better
muscle development in wrestlers and kickboxing athletes
compared to karate and taekwondo athletes. A high power
index illustrates the importance of grip strength in wrestling.
Indexes of the limb segment ratio reflect the peculiarities of
martial arts techniques.

The results of Table 1 confirm that the most informative
indices are the indicators of the shin and thigh massiveness.
This reflects the specifics of martial arts. Kicking kicks in
kickboxing are the most important element for victory. The
kick power is directly dependent on the massiveness of the
segment that does the kick.

The shin conditional moment of force can be explained
in the selection from this perspective. This indicator ensures
the athlete’s stability. This is most important for effective
fighting. Simultaneously, the shin power is not essential for
kicking.

The limb segments massiveness indices and conditional
moments of force were proposed in the study (Epyphanov,
1999) to evaluate the effectiveness of rehabilitation. They
were used in the analysis of the armwrestling athletes’ condi-
tion with different skill levels (Podrihalo et al., 2020). The de-
termined excess of these indices in the group of experienced
athletes confirms the assumption about the importance of
limb muscle development for success in this type of sport.
The use of longitudinal indicators in these indices reflects
the importance of long levers for armwrestling. The inclu-
sion of limb segment perimeters in the indices illustrates
the importance of these groups in muscle development.
Thus, limb segments massiveness indices and conditional

moments of force reflect the main factors important for suc-
cess and can be used for sports selection.

The power indices of the hands are also characterized
by sufficiently high informativeness for selection. These in-
dicators are especially important in the wrestling, which is
confirmed by the available results (Podrigalo et al., 2019).
Victory in the wrestling depends largely on the grip effec-
tiveness. The power index characterizes the power of the
muscles of the forearm and hand. These muscles provide
an effective grip. Therefore, the power index of the hands
should be evaluated as an important selection indicator in
the wrestling. Simultaneously, to win in kickboxing, it is nec-
essary to do a kick that does not depend on the power of the
forearm and hand muscles. Thus, the power index should be
recognized as a specific indicator for selection in wrestling.
Similar results were obtained when analyzing the anthro-
pometric characteristics of elite Japanese female wrestlers
(Arakawa et al., 2015).

The hand index reflects the ratio of segments of the fol-
lowing upper limb - forearm and shoulder. The value of this
indicator is 0.75 in a harmoniously developed person. An
increase in this index illustrates the relative lengthening of
the forearm. The given data confirm the available literary
sources (Tumanian & Martirosov, 1976). In this study, the
relevance of physique for sports selection was analyzed us-
ing the example of martial arts. According to the authors, the
lengthening of the arm increases the shoulder lever of force
in wrestlers. This, in turn, promotes the manifestation of ad-
ditional efforts and makes it possible to perform strikes with
less effort. The relative lengthening of kickboxers” arms re-
flects the ability to do kicks at a greater distance. This should
also be evaluated as an essential factor for victory and con-
sidered during the selection.

Body mass is the main anthropometric indicator and
integral criterion of physical development. It largely deter-
mines the physical preparedness of athletes (Osipov et al.,
2016). This determines the high informative value of indexes
that include this criterion. In this study, 3 indices were used,
which include the body mass of athletes.

Body mass index monitoring is quite relevant in sports
(Fernandez-Arguelles & Fernandez-Rio, 2018; Greier &
Drenowatz, 2018). Its connection with the time engaged in
sports and the level of motor skills development was con-
firmed. A model for athlete condition monitoring is pro-
posed. The model is based on motor skills indicators and
anthropometric criteria.

The body mass index and the Livy, Vervek, and Erisman
indices allow us to assess the proportionality of the body
composition, the correspondence of the main anthropomet-
ric indicators to each other, illustrate the development of
muscles, and reflect the strength of the body composition.
Their analysis allows us to conclude that the most optimal
for both wrestling and kickboxing is the presence of har-
monious development. This is evidenced by the closeness of
the prognostic coefficients. The low informativeness of these
indicators, in our opinion, indicates the small importance of
the proportionality of physical development. This once again
confirms the assumptions made.

Thus, the obtained results largely agree with the available
literature sources and confirm the informativeness, validity,
and effectiveness of the martial arts selection technique us-
ing indices of physical development.
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Conclusions

The conducted research made it possible to develop a
method of selection in different types of martial arts. The
methodology is based on Wald’s sequential analysis and in-
cludes indices of physical development. The proposed tech-
nique is a simple, informative and objective selection tool
for wrestling or kickboxing. The specificity of massiveness
indices and conditional moments of force of limb segments
for selection in kickboxing is confirmed. Hand strength in-
dices are specific for selection in the wrestling. The indicated
indices illustrate the main factors important for success in
these sports. Determining the used indicators is quite simple
and accessible. This allows us to conclude about the avail-
ability, transparency and financial expediency of conducting
the selection.
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OBIrPYHTYBAHHA METOAUKW BIABOPY B EANHOBOPCTBAX
13 BUKOPUCTAHHAM NOCNIAOBHOIO AHANI3Y 3A BAJIbAOM

Jleonin IToppirano'AECPE, TlIn Ke'*ABPE, Onbra Iloppirano’*ABCPE,

Oner OnpxoBuit'“"E, Bonogumup ITaeBcokuit'®P%, SIpocnas Kpaitnnk

'XapkiBcbKa [iep>kaBHa akafieMid (isu4HOI Ky/IbTypn

Tacturyt Hevicopr Iyanayn

1BDE

*HarrionanpHuii yHiBepcuteT QisudHOI KYIbTYpH i CIOpPTY

ABTOpCHKNMIT BKIAM: A — fU3aiiH KOCTImKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crartst: 7 c., 1 Tabn., 33 mpxeperna.

Mertoro gocmimKeHHs Oyna po3pobKka MeTOLVKM Bif6opy B €AMHOOOPCTBAX Ha MificTaBi iHAeKCiB (i3MYHOrO po3BUTKY i3

BUKOPUCTAHHAM HOCTIi,E[OBHOI‘O aHa)Iisy 3a Ba]'[b,lIOM.

Marepiamm i Meropy. Busnavany 12 aHTpOIIOMeTpUYHMX TTOKa3HMKIB. PospaxoByBaimi 8 iHfiekciB (i3M4HOrO pO3BUTKY Ha
ix mificraBi. 16 emiTHMX aT1eTiB (KAaHAMAATY B MAICTPM Ta MAICTpK CHOPTY) Oy/an posmnopineHi Ha rpymu. 1 — 7 6opuis (31080,

581



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 22, Num. 4

cam60, rpeKo-puMCbKa Ta BinbHa 60poThOa), cepenHiit Bik (18,43+0,43) pokis. 2 rpyma — 9 a11eTiB KiKOOKCHHTY, cepefiHiil Bik
(18,2240,52) poxis.

PesynbraTu. Po3po6eHa mporHocTidHa Tabnmiis, 1mo MicTuTb ingexcy ¢isudHoro posButKy. IHpopMaTuBHICTh TOKa3HUKIB
Bap’0Baja B Mexxax 296.15-1.73. 3mict Bif6opy mosrae y oLiHIi pesyabrariB, BUSHAaUYeHHI BiAmoBigHoro koedimienra i mncy-
MOBYBaHHi LIMX Koe(illi€HTIB [I0 JOCATHEHHS OJfHOTO 3 IIPOrHOCTUYHYX OPOriB. BiAmoBifHO /10 3araIbHONIPUITHATIX MifIXOAIB,
Be/IMYMHA IIOPOTiB Oy/Ia BCTaHOB/IEHA Ha piBHi * 13, mo Bixmosigae iimosipHOCTI 95% (p<0.05). [TepeBuIleHHA TO3UTUBHOTO 110-
pOry 03HaYae IMePCIeKTUBHICTD atieTa 60poTbON. [l0CATHEHHS HEraTUBHOTO IIOPOTa BiIIOBI A€ ePCIIeKTUBHOCTI Y KIKOOKCUHTY.

BucHoBku. IIposesieHi JOCIiPKeHHA TO3BOMMIN OOIPYHTYBATU Ta PO3POOMUTI METOLMKY BiffOOpy aT/ieTiB eMHOOOPCTB 3
BUKOPYCTAHHAM iHAEKCiB (i3MYHOro po3BUTKY. 3aIIpOIIOHOBAaHA METO/MKa 6a3yeThCs Ha MOCIIZOBHOMY aHai3i Bambaa i € mpo-
cTUM, iHpOpPMATHBHMM Ta 00>EKTMBHIM iHCTPYMEHTOM Bifj0OpY Ta IIPOTHO3Y CTaHY aT/IeTiB.

KirouoBi coBa: efuHO60pCTBa, (Di3sMYHIIT pO3BUTOK, iHAEKCH, Bifbip, YCMIIIHICTS.
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Abstract

The study purpose was to analyse the peak EMG at five upper-body muscles during four different jab techniques in
youth boxers.

Materials and methods. Male youth national-level boxers (n=7) were assessed for peak electromyography (EMG) of
anterior deltoid (AD), biceps brachii (BB), triceps brachii (TB), flexor carpi radialis (FCR), and upper trapezius (UT)
while performing four jab techniques: long-range targeting head (LRH), long-range targeting body (LRB), medium-
range targeting head (MRH), and medium-range targeting body (MRB).

Results. The LRH induced the highest EMG for AD (2092.9+411.9) and BB (1392.0+687.3). The MRB induced the

highest EMG for the FCR (1337.16+538.28), TB (1589.3+£600.3), and UT (1221.2+507.5). However, between jab

techniques, only the AD showed a significant (p<0.001) different EMG. Specifically, the LRH induced greater AD
EMG compared to LRB (157.5 [p<0.001]), MRH (411.0 [p=0.003]), and MRB (398.3 [p=0.010]). Further, the LRB
induced greater AD EMG compared to MRH (253.5 [p=0.024]) and MRB (240.8 [p=0.049]). The MRH and MRB

(-12.7 [p=0.911]) induced similar AD EMG.

Conclusions. Peak EMG at five upper-body muscles varies between jab techniques. However, the differences seem
relatively small, except for the AD muscle, with a descending pattern of peak EMG for the LRH > LRB > MRH and

MRB jab techniques.

Keywords: Boxing, Youth sports, Muscles, Electromyography, Musculoskeletal and neural physiological phenomena,

Human physical conditioning.

Introduction

Boxing (also known as pugilism) is one of the oldest
combat sports in the history of mankind (Chaabéne et al.,
2015). Interconnected factors like motor and psychological
ability, sound technique, and tactics may impact the out-
come of a boxing match (Busko et al., 2014), as well as the
selection and accurate execution of a punch above the belt,
to the head or chest (Dinu & Louis, (2020). Among punch-
ing techniques, the jab is the longest-range punch used in

© Kumar, S., Ramirez-Campillo, R., Singh, J., Kumar, S., &
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boxing (Wigle et al,, 2014). A jab is performed with several
aims, such as establishing dominance or initiating further
punching combinations (Gilbert, 2018; Wigle et al., 2014).
Attacking an opponent with a jab is effective and energy-
saving (Werner & Lachica, 2000). The jab can be executed
using different techniques, such as the long-range (i.e., with
step) and the medium-range (i.e., without step) jab (Wigle et
al., 2014), aimed at different target areas: long-range jab tar-
geting head, long-range jab targeting body, medium-range
jab targeting head and medium-range jab targeting body.
However, it is not clear which jab technique recruits which
muscle in terms of peak muscle activation (Chen et al., 2021;
Stanley, 2020; Walilko et al., 2005).

Electromyography activity (EMQG) is useful to identify
muscle recruitment and sequence of involvement during
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specific movements (Carrier et al., 2015; Reaz et al., 2006;
Roberts & Gabaldén, 2008). Such information may help to
design better training drills and physical fitness test batter-
ies (Oliva-Lozano & Muyor, 2020; Tiirker & Sozen, 2013).
Putra et al. (2021), used surface EMG on dominant upper
limb muscles of healthy male adult (31.9 + 3.1 years) dur-
ing punch performance (in a virtual reality environment)
in standing and sitting positions, revealing no difference in
the percentage of maximum EMG of upper trapezius, an-
terior deltoid, biceps and triceps muscles of dominant side.
Shigeki et al. (2018) examined the three-dimensional trunk
kinematics and surface EMG of lower back muscle activity
among experienced and inexperienced male boxers (20.9 +
1.6 years) during a straight punch with the dominant and
non-dominant arms and noted greater EMG in the inexpe-
rienced group. In another study by Lockwood & Tant (1997),
the authors examined the EMG of the gastrocnemius, biceps
femoris, rectus femoris, external oblique, serratus anterior,
pectoralis major-s ternal, anterior deltoid, and triceps bra-
chii muscles in synchronisation with two-dimensional kine-
matics, while professional and amateur male boxers (24.2 +
1.0 years) performed jabs, and noted higher wrist and elbow
velocity in the professional group, although similar EMG
was noted between the groups for all the assessed muscles.
Although previous studies (Lockwood & Tant, 1997;
Shigeki et al., 2018) assessed EMG of muscles involved in
boxing-related punching techniques, none investigated the
upper body muscle EMG while performing different jab tech-
niques. However, a study was conducted by Putra et al. (2021)
investigated the EMG of upper body muscles while perform-
ing jab in standing and sitting variations indicated no signifi-
cant differences. Since the study was confined to execution of
jab in sitting variations and only on adults, it limits the impli-
cation of their results to young boxers. Therefore, the current
study aimed at analysing the peak EMG at five upper-body
muscles during four different jabs techniques in youth boxers.

Materials and methods

Study participants

To estimate the sample size of the participants, we used
the G*Power software (Erdfelder et al., 1996). We had pre-set
the effect size as 0.8 according to the benchmark suggested
by Cohen (1988) for large effect size, a error probability as
0.05, power as 0.95, number of groups as 1, number of mea-
surements as 4 (since a single group of boxers was repeatedly
tested for four different techniques of jab), correlation among
repeated measures as 0.5 and the non-sphericity correction
€ as 1 for repeated measures ANOVA (Lakens, 2013), the total
sample size was n = 5. However, a sample of n = 8 was con-
sidered appropriate due to potential participants attrition. In
addition, a greater number of participants may help to com-
pensate for potential data death due to difficulties related to
EMG recordings. For example, EMG recording is vulnerable
to contamination from a variety of causes, including interfer-
ence from the electrical supply, mechanical objects, stimulus
objects, activity of other muscles, and fast movement (e.g., sur-
face EMG electrodes can come off from the attached surface, or
induce malfunction) (Tiirker, 1993). Indeed, after the comple-
tion of data collection, the equipment could not capture data
for one subject. Therefore, we proceeded with a total of seven

participants (n = 7, age = 17.3 £ 1.3 years, boxing experience
=5.9 + 1.2 years) as the sample for the study. All the partici-
pants were members of a training centre and were practising
to participate in an upcoming competition. The participants’
height (175.3 5.9 cm) and weight (72.1 + 11.3 kg) varied since
participants were competing in different weight categories. The
study included those who had represented their state in junior
national or higher-level competition and were free from any
physical condition which might have hampered their normal
physical performance.

Ethics and consent

Participants were informed about the study, methodol-
ogy, possible outcomes, risks, and benefits. Then, the legal
guardians of the participants signed an informed consent
form that clearly mentioned the participants’ right to with-
draw at any time from the study. The youth participants pro-
vided verbal consent. The study was conducted in the sports
biomechanics laboratory of Lakshmibai national institute of
Physical Education, Gwalior, India, in accordance with the
Declaration of Helsinki (World Medical Association, 2013).
The study was part of a doctoral study that was approved by
the departmental research committee (DRC) at the Depart-
ment of Sports Biomechanics, Lakshmibai National Institute
of Physical Education, Gwalior, India, with the registration
number (No. Academic/Ph.D./409/1284).

Study design

The EMG of the anterior deltoid (AD), biceps brachii (BB),
triceps brachii (TB), flexor carpi radialis (FCR), and upper
trapezius (UT) muscles were recorded while boxers executed
four jab techniques i.e., long-range targeting head (LRH), long-
range targeting body (LRB), medium-range targeting head
(MRH) and medium-range targeting body (MRB). All the
EMG recording were obtained from the same upper-body limb
preferred by the boxers to perform the punches. The whole
data collection procedure was completed within one day.

Equipment and measurements

To investigate the EMG of the muscles, the BTS FREEEMG
device was used (Bioengineering, 2011). The device was com-
posed of EMG probs (up to 16 probs), a USB receiver, and the
EMG-Analyzer software. Jang et al. (2018) conducted a study
to establish the validity and reliability of the device and report-
ed that the device exhibited moderate to high reliability and
acceptable validity. Furthermore, Jang et al. (2018) concluded
that the device is very adjustable and useful for any type and
intensity of exercise because of its high accessibility and porta-
bility. For all the techniques of jab, the EMG of the five selected
muscles were recorded at the frequency of 1000 Hz, using five
probs and the signals were transferred and analysed using a
USB receiver and the EMG-Analyzer software, respectively.
The unit of measurement was microvolt (V).

The participants were using their standard practice
gloves. The size and weight of the gloves were as per the
guideline of the International Boxing Association (IBA)
(AIBA, 2010). As the target for different techniques of jab,
medium size boxing punching bag (36” x 18”) was used and
hung from the practice area ceiling.
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Procedure of data collection

The participants were informed and given sufficient time
to familiarise themselves with the test procedure. The par-
ticipants were instructed to remove their upper body wear
for smooth placement of the EMG probs. The selected mus-
cles were identified by the manual palpation method men-
tioned by Kothari et al. (2014). The placement of the EMG
probs were undertaken as per the recommendation of the
SENIAM (Surface Electromyography for the Non-Invasive
Assessment of Muscles) project (Hermens et al., 1999). The
locations for the placement of the EMG probs were shaved
and cleaned with alcohol swabs (Non Woven Alcohol Swab,
Recombigen Clear & Sure, India) to reduce skin impedance.
The surface EMG electrodes (H124SG, Adafruit, USA) were
stuck to the muscle fibres line and connected to the securely
attached wireless EMG probs. The wireless EMG probs were
secured with adhesive medical tape (Mendwell Adhesive
Tape USP, Prominence Healthcare Pvt. Ltd., India) so that
it could not come off during the execution of the techniques
of jab. The EMG probs were connected wirelessly to the
USB receiver, which was later linked to a laptop to extract
the data using the EMG-Analyzer software. The whole BTS
FREEEMG system was calibrated as per the user manual
(BTS FREEEMG 300 User Manual, 2013).

After adhering the EMG electrodes and the probs on
the selected muscles, the participants were given 2 minutes
for mild warm-up and shadow boxing with a focus on jab
techniques. After the warm-up the participants were again
verified for the stickiness of the EMG electrodes and probs.
Afterward, the participants were asked to execute the tech-
niques individually. The participants were allowed to com-
plete three valid jab attempts for each of the four assessed
techniques, with 1 minute of rest between techniques.

The targets were marked on the hung punching bag us-
ing a temporary marker pen according to the participant’s
height. For the target head, a rectangle was drawn of the size
“head length x head width” at the level of the head of the ath-
lete. Similarly, another rectangle was drawn of the size “torso
length x shoulder width” for the target body at the partici-
pant’s body level. For the long-range jab technique, the par-
ticipants were instructed to take a step and then execute the
punch. While for the medium-range jab technique the par-
ticipants throw the punch from a standing position without
significant step. The distance of the leading leg to the punch-
ing bag was according to the arm length of the participants.
The participants were asked to perform the techniques with
their maximum effort without external motivation.

Data analysis

After extracting the data from the USB receiver, the EMG-
Analyzer software displayed the analysis reports on the laptop
screen. The raw EMG signals were visualised along with the
processed peak value, the root mean square, and the average
rectified values. However, only the processed peak value (Fig-
ure 1) was considered for further analysis. The average values
from the three trials were calculated manually using Microsoft
Office Excel (Microsoft Office Professional Plus 2019).

Statistical analysis

Means and standard deviations were calculated. Data nor-
mality and sphericity assumptions were verified (Shapiro-Wilk
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Fig. 1. Processed peak and root mean square values.

Note that during jab on head target area, the biceps brachii (EMG 2)
experienced activation during preparatory phase of the punch followed
by anterior deltoid (EMG 1) and triceps brachii (EMG 3) during elbow

extension. The flexor carpi radialis (EMG 4) showed peak activity
during impact on the punching bag, followed by peak muscle activity
of the upper trapezius (EMG 5) and biceps brachii (EMG 2) during
termination phase of the jab.

test and Mauchly’s test of sphericity). A one-way repeated mea-
sures analysis of variance (ANOVA) test was applied to com-
pare muscles EMG (AD, BB, TB, FCR, UT) between jab tech-
niques, using the Least Significant Difference (LSD) confidence
interval adjustment method as post-hoc. All statistical analyses
were performed using the IBM SPSS software for Windows
(version 27.0, Armonk, NY: IBM Corp). For all the calculations
level of significance was set at 0.05.

Results

The results from table 1 display the mean and standard
deviation of EMG of the selected muscles for all four tech-
niques of jab, along with the univariate test result of the
within-subject factor. The descriptive statistics reveal that
for the AD and BB muscles, the technique LRH exhibited
the highest peak EMG (AD =2092.9 + 411.9, BB =1392.0 +
687.3), whereas for the muscles FCR, TB, and UT, the tech-
nique MRB exhibited the highest peak EMG (FCR = 1337.2
+ 538.3, TB = 1589.3 + 600.3, and UT = 1221.2 + 507.5).
However, the F value for the within-subject factor ‘Tech-
niques of Jab’ was significant only for AD muscle (AD: F (3,
18) = 9.738, p < 0.001, np2 = 0.619, 1- = 0.989). It indicates
that the main effect of the factor “Techniques of Jab’ is sig-
nificant with a large effect size (np2 > 0.14) and high power
(1-B = 0.989) only for the muscle AD, which explains that
there were significant differences in EMG between different
techniques of jab only for AD muscle. Further, the pairwise
comparison table 2 among the techniques of jab for the AD
muscle reveals that except for the pair MRH versus MRB,
all the other pairs exhibited significant differences among
themselves. Table 2 reveals that for the AD muscle, the EMG
of the technique of jab LRH is significantly higher compared
to LRB (A = 157.5, p < 0.001), MRH (A = 411.0, p = 0.003),
and MRB (A = 398.3, p = 0.010); while the technique LRB
is significantly higher than MRH (A = 253.5, p = 0.024) and
MRB (A = 240.8, p = 0.049); however, for the pairs MRH
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Table 1. Muscle peak EMG (uV) in selected upper-body muscles in youth boxers while performing four jab techniques

Muscle LRH LRB MRH MRB Between jab techniques comparison
AD 2092.9+411.9 19354 +381.6 1681.6+414.6 1694.6 £291.4 F(3,18)=9.738, p <0.001, np2 = 0.619, 1-p = 0.989
BB 1392.0 £ 687.3 11957 £404.5 1275.1+433.7 1365.3£590.3 F (3,18)=0.520, p = 0.674, np2 = 0.080, 1-B = 0.135
FCR 1029.8 £502.6  1206.3 £479.8 1135.0+4654 1337.2+538.3 F (3,18)=1.505, p =0.247, np2 = 0.201, 1-B = 0.329
TB 1393.3£596.5 1342.9+693.9 14829 +3785 1589.3£600.3 F (3,18)=0.636,p =0.601, np2 =0.096, 1-B = 0.157
UT 1019.2£508.7 1192.6 +£510.5 1030.1 £498.4 1221.2+507.5 F(3,18)=1.724,p = 0.198, np2 = 0.223, 1-p = 0.374

Abbreviations: AD - anterior deltoid; BB - biceps brachii; FCR - flexor carpi radialis; TB - triceps brachii; UT - upper trapezius;
LRH - long-range targeting head; LRB - long-range targeting body; MRH - medium-range targeting head; MRB - medium-range

targeting body. np* partial eta squared; 1-f: observed power.

Table 2. Pairwise comparison of anterior deltoid peak
EMG (1V) between four different jab techniques

Pairs (jab techniques) Mean difference

LRH versus LRB 157.5 (p < 0.001) *
LRH versus MRH 411.0 (p = 0.003) *
LRH versus MRB 398.3 (p =0.010) *
LRB versus MRH 253.5 (p =0.024) *
LRB versus MRB 240.8 (p = 0.049) *
MRH versus MRB -12.7 (p=0911) *

*: p value for difference between jab techniques. Abbrevia-
tions: LRH - long-range targeting head; LRB - long-range
targeting body; MRH - medium-range targeting head;
MRB - medium-range targeting body.

and MRB (A = -12.7, p = 0.911) no significant difference
was observed. An overview of the descriptive statistics of
table 1 also reveals that among all the selected muscles, the
AD muscle exhibited the highest peak EMG for all the tech-
niques of jab (LRH = 2092.9 + 411.9, LRB = 1935.4 + 381.6,
MRH = 1681.9 + 414.6 and MRB = 1694.6 + 291.4).

Discussion

During the execution of a jab in boxing, the analysis of
EMG of muscles such as the biceps brachii, triceps brachii,
anterior deltoid, upper trapezius and flexor carpi radialis
are crucial due to their key role in the muscular recruit-
ment sequence during punch movement (Dyson et al., 2007;
Lockwood & Tant, 1997). A study by Valentino et al. (1990)
already reported that there are techniques in the degree of
muscle activation over different muscles and found a no-
ticeable difference in the recruitment of muscles during a
jab punch versus an uppercut, particularly on the deltoid
muscle. However, in the current study the difference in peak
muscle activation was observed only for AD muscle.

The current results revealed that the technique LRH ex-
hibited the highest peak muscle activation for the AD and
BB muscle, whereas the technique MRB exhibited the high-
est peak muscle activation for the FCR, TB, and UT muscles.
The participants of the study had expressed that during the
execution of the LRH technique, they were required to ex-
tend their punching arm the most. Previous studies have
already explained that in doing so, the AD muscle is primar-
ily responsible for moving the arm forward (Elzanie & Vara-
callo, 2022). It also explains the finding of pair wise com-
parison of the techniques of jabs which reveals that muscle
activation of the technique LRH is significantly higher com-
pared to LRB, MRH, and MRB, while the technique LRB

is significantly higher than MRH and MRB. On the other
hand, from an extended forward position of the punching
arm, the BB muscle was required to work harder in the LRH
technique compared to the other techniques to flex the arm
to the original position. That is why the results show that the
LRH technique exhibited highest peak muscle activation for
the AD and BB muscles.

While performing the techniques targeting the body,
the forearm tended to pronate more which caused the FCR
and TB to activate more during the execution of those tech-
niques. At the same time, the UT functioned to stabilize the
downward movement of the arm while targeting the body.
That is why for the muscles FCR, TB, and UT, the MRB tech-
nique of jab exhibited the highest peak muscle activation.

In another study, Dyson et al. (2007) reported higher
punching force and speed when the target area was head
over the body. The study also validated that when a lead arm
straight punch is thrown on the head, there is a quarter turn
of the torso and pelvis, which adds additional torque to the
upper body movement and due to which peak muscular
activity might be observed for the deltoid and biceps muscle
group. It is observed that FCR begins at the medial epicon-
dyle of the humerus and connects to the second metacarpal
at the base, and it is crucial for flexing and abducting the
hand at the wrist (Kanevsky et al., 2015), whereas the flexion
of the wrist is an involuntary movement during impact on
the target area in boxing, so highest peak activation for FCR
muscle might be due to more flexion at the wrist joint dur-
ing the execution of jab in MRB technique. The TB muscle
is responsible for the extension of the elbow at shoulder el-
evation and contributes more to elbow extension (Kholinne
et al., 2018), while UT is also responsible for elevation and
depression of the shoulder (Shih & Kao, 2011). Hence, the
highest peak muscle activation for the TB & UT muscles in
the technique MRB might be observed due to more elbow
extension and higher shoulder elevation while executing the
jab at the body target area in the medium range.

Some potential limitations should be acknowledged.
The investigators felt that there was a limitation of sample
size in the study. Further studies with greater sample size
should attempt to replicate current findings.

Conclusions

Peak muscle activation at five upper-body muscles may
vary depending on the jab technique preferred by the youth
boxers. However, differences between jab techniques seems
relatively small, except for the AD muscle, with a descending
pattern of peak EMG for the LRH > LRB > MRH and MRB
jab techniques.
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MerTa oCHiIKeHHA NTO/IATaIa B TOMY, 06 MPoaHali3yBaTu MaKCUMAaNbHy aMIUIiTyRy EMI 1Aty M’ s13iB BepXHbOI YacTVHM Tifla miz
Yac BMKOHAHHSA YOTUPHOX Pi3HNUX TeXHIK mKeba B OOKCepiB-I0HAKIB.

Martepianu ta MeTopu. Y 60KcepiB-I0HaKiB HaI[iOHaIbHOTO PiBHsI (N=7, 40/I0BI40i CTATi) OLIHIOBA/IM MAKCUMA/IbHY AMILTITYY e/IeK-
tpomiorpadii (EMI') nepennboro gensrononi6roro m’si3a (IIIM), nBoromosoro M’si3a mieda ([IMII), rpuronosoro m’si3a mwieva (TMII),
[IPOMEeHeBOro M’s3a-3ruHadva 3am sictka (IIM33) Ta Bepxuboro tpanerienogi6buoro m’s3a (BTM) mif 4ac BUKOHAHHS HUMY 9OTHPbOX
TexXHiK fkeba: 3 fanbHbOI AycTaHLil B roosy (JIT), 3 ganpuboi aucranuii B kopuyc (AK), i3 cepenupboi mucranuii B ronosy (CI') ta
i3 cepepnboi gucranuii B kopnyc (CIK).

Pesynbraru. [Ixe6 I Bukmnkas Makcumanpay aMmmityny EMI m'ssis ITIM (2092,9+411,9) ta IMII (1392,0+£687,3). Ixxe6 CIK
BUK/IMKaB MakcuMasbHy ammmityny EMI m’asis IIM33 (1337,16+538,28), TMII (1589,3+600,3) Ta BTM (1221,2+507,5). ITpore 3a/exHO
BiJj TeXHIKM BUKOHaHHA pKeba e M3 IIJIM nokasysas gocroBipHy (p<0,001) Bigminny ammtityny EMI. KoxkperHo, mke6 JIT
BUK/INKaB 6ipiny amiutityny EMI mMs3a TIIM nopiBasiHo 3 mxebamu K (157,5 [p<0,001]), CAT (411,0 [p=0,003]) ta CIOK (398,3
[p=0,010]). Kpim Toro, mxeb NIK Bukmnxas 6inpiry ammrityny EMI m’s3a IIIM nopiBusuo 3 mrebamu CAT (253,5 [p=0,024]) Ta COK
(240,8 [p=0,049]). Ixe6u CAT Ta COK (-12,7 [p=0,911]) Bukankanu nogibny ammniryny EMI m’sasa ITITM.

BucHoBku: MakcumanbHa aMmiutityga EMI sty M's13iB BepXHbOI YaCTUHM Ti/Ta PISHUTBCS 3a/1€XKHO Bifl TEXHIKM BUKOHAHHSA IKeba.
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Abstract

The study purpose was to determine the specific features of the effect of the number of repetitions and rest intervals
on the effectiveness of the standing long jump training program for 14-year-old girls.

Materials and methods. The study participants were 40 girls aged 14. The study participants were informed about

all the features of the experiment and gave their consent to participate therein. The study used methods of analysis

of scientific and methodological literature, observation, pedagogical experiment, and methods of mathematical
statistics. The pedagogical experiment was designed as a full factorial experiment with a 2k factorial design. The effect
of the number of repetitions (6 to 12 times) and the rest interval (60 to 120 s) on the effectiveness of the standing long
jump training program for 14-year-old girls was investigated. Discriminant analysis was used for data analysis.
Results. The analysis of the experimental data showed that the modes of alternating physical exercise performance
and rest intervals have a statistically significant effect on the formation of the motor skill of standing long jump in
14-year-old girls (p < 0.001). It is after the third exercise performance mode that the girls spent the smallest total
number of repetitions required for the formation of the standing long jump skill. Thus, the 1st, 4th and 6th series of
training tasks are learned faster after the third exercise performance mode, the 3rd series of training tasks is learned
faster after the second exercise performance mode, and the 2nd and 5th series of training tasks are learned faster after

the fourth exercise performance mode (p<0.001).

Conclusions. It was established that the mode of alternating exercises in 3 sets of 2 repetitions with a rest interval
of 120 s is classified as the most rational. A specific feature of the formation of the motor skill is that each of the
modes can be considered as a priority for one or another motor task. In the investigation of the learning process,
discriminant analysis makes it possible to classify work modes and determine the relationship between the motor

tasks within the training program.

Keywords: 14-year-old girls, standing long jump, exercise performance modes, discriminant analysis.

Introduction

Forming motor skills (Ivashchenko, Berezhna, &
Cieslicka, 2020; Khudolii, Iermakov, & Bartik, 2020; Petrov,
Khudolii, & Cieslicka, 2020), developing motor abilities
(Khudolii, Ivashchenko, Iermakov, Veremeenko, & Lopa-
tiev, 2019; Marchenko & Bezpalko, 2020; Ivashchenko,
Mirostawa, Nosko, & Malyshev, 2019), and increasing motor
activity (Fisher, Reilly, Kelly, Montgomery, Williamson, Pa-
ton, & Grant, 2005; Fernandez-Valero, Soto-Sanchez, Paez,
Leyton-Dinamarca, Kain, Hurtado, & Reyes-Amigo, 2021;
Nurulfa, Lubis, Dlis, Aninggar, & Mamesah, 2021) are the
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main tasks of school physical education and have a positive
effect on the health of school students (Vandoni, Codella,
Pippi, Pellino, Lovecchio, Marin, Silvestri, Gatti, Magenes,
Regalbuto, Fabiano, Zuccotti, & Calcaterra, 2021; Villafaina,
Fuentes-Garcia, Leon-Llamas, & Collado-Mateo, 2021; Vla-
sova, 2020).

Selection of motor tasks (Thomaidou, Konstantinidou,
& Venetsanou, 2021; Suprun, Ivashchenko, & Cieslicka,
2021; Khakovshchenko, 2022), organization of training pro-
grams that ensure a guaranteed level of mastery of physical
exercises, and control of the quality of training (de Mooij,
Fekkes, Scholte, & Overbeek, 2020; Ivashchenko, 2020;
Schneeberger, & Jarosch, 2022), and modes of alternating
exercise performance and rest intervals (Marchenko, Jagi-
ello, Iermakov, Ivashchenko, & Khudolii, 2021; Marchenko,
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Ivashchenko, Jagiello, Iermakov, Khudolii, & Yermakova,
2022; Shuieva, Ivashchenko, & Jagiello, 2021) are of impor-
tance in teaching physical exercises.

In the structure of programs such as algorithmic in-
structions, it is mandatory to determine the necessary level
of motor fitness, which includes motor experience and the
level of development of motor abilities (Khudolii, 2009). The
achievement of the appropriate level of development of mo-
tor abilities is influenced by the accounting and control of
the operational, delayed (Khudolii, Ivashchenko, Iermakov,
Nosko, & Marchenko, 2019; Ivashchenko, Khudolii, Prusik,
& Giovanis, 2020; Khudolii, Iermakov, Ivashchenko, & Nos-
ko, 2020), and cumulative training effect of strength exer-
cises (Veremeenko, 2019; Iermakov, Ivashchenko, & Khu-
dolii, 2021). Optimizing the time allocated to teaching and
developing motor abilities is important for increasing the
effectiveness of the learning process in a physical education
class (Ivashchenko, Iermakov, & Khudolii, 2021).

To substantiate the training program, methods of math-
ematical statistics are used, such as correlation, factor and
discriminant analysis (Ivashchenko, 2020). Since the qual-
ity of the implementation of the programs depends on the
modes of alternating exercise performance and rest inter-
vals (Shuieva, Ivashchenko, & Jagiello, 2021; Yunak, Ivash-
chenko, Nosko, & Nosko, 2022; Marchenko, Ivashchenko,
Jagiello, Iermakov, Khudolii, & Yermakova, 2022), the choice
of discriminant analysis will make it possible to classify work
modes and determine the relationship between the motor
tasks within the training program (Silverman, Woods, &
Subramaniam, 1998; Vandorpe, Vandendriessche, Vaeyens,
Pion, Lefevre, Philippaerts, & Lenoir, 2011; Rebelo-Gon-
calves, Coelho-e-Silva, Severino, Tessitore, & Figueiredo,
2015).

The study purpose was to determine the specific features
of the effect of the number of repetitions and rest intervals
on the effectiveness of the standing long jump training pro-
gram for 14-year-old girls.

Materials and methods

Study Participants

The study participans were 40 girls aged 14. The study
participants were informed about all the features of the ex-
periment and gave their consent to participate therein.

Study Organization

The study used methods of analysis of scientific and
methodological literature, observation, pedagogical experi-
ment, and methods of mathematical statistics.

The pedagogical experiment was designed as a full fac-
torial experiment with a 2* factorial design. The effect of
the number of repetitions (6 to 12 times) and the rest in-
terval (60 to 120 s) on the effectiveness of the standing long
jump training program for 14-year-old girls was investigated
(Table 1). The study recorded the number of repetitions nec-
essary for the correct performance of the task in three con-
secutive repetitions.

Standing long jump technique. Before jumping, the
school student places his feet parallel at a distance of 10-15
cm, performs a rhythmic half-squat with the body leaning

Table 1. Design of the full factorial experiment with a
2k factorial design

Experimental Number of repetitions, Rest
groups times interval, s
1 10 6 (3 sets of 2 repetitions) 60
2 10 12 (6 sets of 2 repetitions) 60
3 10 6 (3 sets of 2 repetitions) 120
4 10 12 (6 sets of 2 repetitions) 120

forward, with arm movements back and forth, without sepa-
rating the heels from the ground. Significantly leaning the
body forward and losing balance, sharply extends the legs
and body, makes a wave of the arms forward and upward so
that by the end of the take-off, the legs, body and arms form
one straight line at an angle of 45°. The main feature of the
standing long jump technique (besides the lack of running)
is that the take-off is performed simultaneously with both
legs.

In flight, the school student needs to relax his muscles
and maintain a short pause in free flight, before the end of
which the school student’s body assumes an arched position.
In the second half of the flight, the school student prepares
for landing: he quickly lowers his arms forward-down-back,
pulls his knees to his chest and, extending his legs at the knee
joints, ‘throws’ his lower legs forward. The end of leg exten-
sion in the knee joints should coincide with the moment of
landing.

Landing, complement the movements by bringing the
pelvis forward, strongly arching in the lumbar part of the
spine (by bringing the pelvis forward) and rolling over the
toes, it is important not to lose balance and not to fall back.
To this end, the legs are extremely bent at the knee joints, and
the arms are actively extended forward.

Standing long jump exercise training program. The pro-
gram of algorithmic instructions was organized taking into
account the data of Hohin and Hohina (2006, 2008), Khu-
dolii (2009) and included six series of training tasks (Table 2).

Statistical Analysis

The experimental data were processed using the SPSS 20
statistical analysis application software. Discriminant analy-
sis was carried out.

The study protocol was approved by the Ethics Com-
mittee of the University. Furthermore, the children and their
parents or legal guardians were fully informed about all the
special aspects of the study and a signed informed consent
document was obtained from all parents.

Results

The experimental data analysis showed that the modes
of alternating physical exercises and rest intervals have a
statistically significant effect on the formation of the motor
skill of standing long jump in 14-year-old girls (p<0.001). It
is after the third exercise performance mode that the girls
spent the smallest total number of repetitions required for
the formation of the standing long jump skill. Thus, the 1%,
4™ and 6" series of training tasks are learned faster after the
third exercise performance mode, the 3™ series of training
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Table 2. Standing long jump exercise training program

Information frame (what we perform)

Operational frame (how we perform)

Control frame (proceed to learn the next
exercise)

30 s rope jumping.
Jumps with straight legs pulled up.

Multiple forward jumps.

First series of training tasks:

a) on two legs with forward rotation;
6) on two legs with backward rotation.

Taking off with two legs, in place.

On two legs, 8 to 12 jumps.

If the school student performs 40 to 50 jumps,
then proceed to the next exercise.

If the school student performs 10 to 15 jumps,
then proceed to the next exercise.

If the school student performs 3 series, then
proceed to the next exercise.

Performing imitative movements with
arms, in place.

Take the correct landing position and fix
itfor5s.

Vertical jump in place.

Second series of training tasks:

Half-squats with the torso bends forward,
arm movements back and forth, without
separating the heels from the surface.
Squat on the whole foot, feet parallel at
a distance of 10-15 c¢m, hands forward
outward, head straight.

Landing in a squat on the toes with a
transition to the whole foot.

If the school student performs 3-4 series of 2-3
rhythmical movements, then proceed to the next
exercise.

If the school student performs 4 to 6 times, then
proceed to the next exercise.

If the school student performs 10 to 12 times,
then proceed to the next exercise.

Jumps on two legs with the knees pulled up
to the chest.

From a lying support, push the arms and
legs to squat, arms forward.

Bringing the pelvis forward.

Multiple jumps forward-up from a squat.

Third series of training tasks:
Taking off with two legs, in place.

When performing this exercise, the
school student needs to ensure that after
pushing with his hands and legs, there is
an airborne phase, the flight phase.

By strongly arching in the lumbar part of
the spine.

2-3 series of 10-15 times.

If the school student performs 10 to 12 times,
then proceed to the next exercise.

If the school student performs 10 to 12 times,
then proceed to the next exercise.

Be able to perform in a series of 5 attempts.

If the school student performs, then proceed to
the next exercise.

Multiple jumps up and forward in jumps
from foot to foot.

Squats on one leg.

Jumping out of a squat on one leg.

Fourth series of training tasks:
2 series of 10-15 times.

10 to 12 squats on each leg.

Repeat 3-4 times on each leg.

If the school student performs, then proceed to
the next exercise.

If the school student performs 2-3 series, then
proceed to the next exercise.

If the school student performs 2-3 series, then
proceed to the next exercise.

Jumps on two legs over obstacles 50 cm
high.
Jumps on two legs with forward movement.

Standing jump with double take-off onto
an elevated support.

Fifth series of training tasks:
Perform with a stronger push of the legs.

Complicating the exercise by touching
landmarks with hands.

Pay attention to take-off.

If the school student performs 3-5 series of 4-6
times, then proceed to the next exercise.
If the school student performs 4-6 series of 4-6
times, then proceed to the next exercise.
If the school student performs 2 series of 10
times, then proceed to the next exercise.

Standing long jump preceeded by 2-3
rhythmic squats with the torso bends
forward.

Standing long jump with back-and-forth
arm movements without leaving the heels
off the ground.

Standing long jump.

Sixth series of training tasks:

Perform the exercise as quickly as
possible, keeping to the technique.

Perform the exercise as quickly as
possible, keeping to the technique.

Perform the exercise in accordance with
the technique described above.

Be able to perform in a series of 3-5 attempts.

Be able to perform in a series of 3 attempts.

The correct performance of a series of 3-5 at-
tempts.

tasks is learned faster after the second exercise performance
mode, and the 2" and 5" series of training tasks are learned
faster after the fourth exercise performance mode (p<0.001)
(Table 3).

The conducted discriminant analysis indicates the statis-
tical significance of the obtained discriminant functions (Ta-
bles 4, 5). The first and second discriminant functions explain

93.9% of the variation in the results and have high canonical
correlation values. Testing of the functions indicates their
reliability in the classification of the modes of exercise per-
formance and rest intervals based on the results of formation
of the motor skill of standing long jump in 14-year-old girls.

The standardized coefficients of the discriminant func-
tions made it possible to establish the weight of motor tasks
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Table 3. Group Statistics. Tests of Equality of Group Means

Exercise performance modes

Training tasks 1 2 3 4 F P
Mean SD Mean SD Mean SD Mean SD

1% series of training tasks 4.6 0.69921 6.2 0.42164 33 0.67495 4.0 0.66667  39.043  0.000
2" series of training tasks 11.2 1.81353 115 1.35401 9.7 1.33749 7.9 1.52388  11.794  0.000
3 series of training tasks 7.2 1.03280 59 0.99443  11.6 1.26491 8.0 0.94281  52.482  0.000
4™ series of training tasks 9.8 1.22927 94 1.42984 6.0 0.81650 11.8 1.31656  38.933  0.000
5% series of training tasks 10.5 1.58114 12.7 1.49443 132 1.54919 9.7 1.33749  12.803  0.000
6" series of training tasks 6.8 2.61619 10.5 3.56682 5.6 2.98887 12.0 3.16228 9.471  0.000
Total repetitions 50.1 1.49535  56.2 1.54352 494 1.43865 53.4 1.49161

Table 4. Eigenvalues

Table 7. Structure Matrix

Function  Eigenvalue % of Cumulative Canoni?al
Variance % Correlation
1 10.497 67.1 67.1 0.956
2 4.192 26.8 93.9 0.899
3 0.955 6.1 100.0 0.699
Table 5. Wilks’ Lambda
Test of Function(s) L‘:xvrﬂll::l’a Chi-square df Sig.
1 through 3 0.009 161.830 18 0.000
2 through 3 0.099 78.798 10 0.000
3 0.512 22.794 4 0.000

Table 6. Standardized Canonical Discriminant Function
Coeflicients

Series of training tasks Function
1 2 B)
1* series of training tasks 0.511 0.501 0.407
2" series of training tasks 0.315 0.165 -0.843
3 series of training tasks -0.844 -0.185 0.164
4™ series of training tasks 0.284 -0.853 -0.146
5' series of training tasks -0.304 0.491 0.440
6™ series of training tasks 0.099 0.047 0.722

under different exercise performance modes. Thus, in the
analysis of the four exercise performance modes, the third
and first series of training tasks have the greatest weight
(first function); in the analysis of 2-4 exercise performance
modes, the fourth series of training tasks has the greatest
weight (second function); and in the analysis of 3-4 exercise
performance modes, the second and sixth series of training
tasks have the greatest weight (third function) (Table 6).

The structure coefficients of the discriminant func-
tions indicate a correlation between the motor tasks and the
function values. Thus, the third and first series of training
tasks have the highest correlation with the first function; the
fourth and fifth series of training tasks have the highest cor-
relation with the second function; and the second and sixth
series of training tasks have the highest correlation with the
third function (Table 7).

Series of training tasks Function
1 2 3
3 series of training tasks -0.645 -0.008 0.033
1 series of training tasks 0.490 0.401 0.245
4™ series of training tasks 0.397 -0.608 0.210
5% series of training tasks -0.114 0.458 0.227
6™ series of training tasks 0.170 -0.185 0.598
2™ series of training tasks 0.129 0.379 -0.466
Table 8. Functions at Group Centroids
Exercise performance Function
modes 1 2 3

1 1.342 -399 -1.542

2 3.317 2.198 0.691

3 -4.988 1.160 0.094

4 0.328 -2.959 0.758

The Functions at Group Centroids analysis shows that
the third and second modes of exercise performance are dia-
metrically distinguished by the total effect on the formation
of the motor skill of standing long jump. The third mode of
exercise performance has the greatest total effectiveness in
the formation of the motor skill (Table 8).

Discussion

The study found out the specific features of the forma-
tion of the motor skill of standing long jump in 14-year-old
girls depending on the modes of alternating exercise perfor-
mance and rest intervals. It was established that the mode of
alternating exercises in 3 sets of 2 repetitions with a rest in-
terval of 120 s is classified as the most rational. The obtained
data complement the results of the study on the influence of
work modes on the formation of motor skills (Marchenko et
al, 2021, 2022; Shuieva et al., 2021).

A specific feature of the formation of the motor skill is
that each of the modes can be considered as a priority for one
or another motor task. On the one hand, in the process of
the motor skill formation, a physical education teacher can
change over from one mode to another; on the other hand,
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choosing the best mode based on the total score improves
the controllability of the learning process. So, the proposed
exercise performance modes characterize the integrity of
the learning process and contribute to increasing the motor
activity of girls. The data complement the results of the study
on the organization of the learning process having an effect
on the increase in motor activity of school students (Fisher et
al., 2005; Fernandez-Valero et al., 2021; Nurulfa et al, 2021).

The analysis of the standardized and structure discrimi-
nant function coefficients made it possible to identify the
training tasks that have the greatest weight and the highest
correlation with the results of the discriminant functions.
The obtained data give grounds for asserting that the train-
ing tasks are interconnected and characterize an integral
standing long jump training program for 14-year-old girls.
The data complement the results of the study on the im-
portance of selecting motor tasks and organizing training
programs (Thomaidou et al., 2021; Suprun et al., 2021; Khar-
kovshchenko, 2022) and the results of the study on discrimi-
nant analysis making it possible to classify work modes and

Table 9. Classification Results®

Exercise Predicted Group
performance Membership Total
modes 1 2) B 4

1 8 0 0 2 10

2 0 10 0 0 10
Count

3 0 0 10 0 10

4 0 0 0 10 10

Original

1 80.0 .0 .0 20.0 100.0

2 .0 100.0 .0 .0 100.0
%

3 .0 .0 100.0 .0 100.0

4 .0 .0 .0 100.0 100.0

a. 95.0% of original grouped cases correctly classified.

Canonical Discriminant Functions

Exercise
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Fig. 1. Canonical discriminant functions. A graphical display of
the results of the classification of the modes of performance of
training tasks in teaching the standing long jump to 14-year-old
girls: = — centroids for training task performance modes 1, 2, 3, 4.

determine the relationship between the motor tasks within
the training program (Silverman et al., 1998; Vandorpe et al.,
2011; Rebelo-Gongalves et al., 2015).

The effectiveness of using discriminant analysis is con-
firmed by the fact that 95% of the data were classified cor-
rectly (Table 9). A graphical display of the results of the clas-
sification of the modes of performance of training tasks in
the process of teaching the standing long jump to 14-year-
old girls makes it possible to choose the best option (Fig. 1).

Conclusions

It was established that the mode of alternating exercises
in 3 sets of 2 repetitions with a rest interval of 120 s is classi-
fied as the most rational. A specific feature of the formation
of the motor skill is that each of the modes can be considered
as a priority for one or another motor task.

In the investigation of the learning process, discrimi-
nant analysis makes it possible to classify work modes and
determine the relationship between the motor tasks within
the training program.
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PO3MI3HAHHA OBPA3IB: OCOBJIMBOCTI MPOLIECY HABYAHHA
CTPUBKY Y AOBXWHY 3 MICLA AIBYAT 14 POKIB

Omutpo 3ima'4*“P; Onbra IBamenko' 48P

'XapkiBcbkuit HallioHaIbHUI Nefaroriunuii yHiBepcuret iMeni I.C. CkoBopoan

ABTOpPCHKNMI BKIAJ;: A — Au3aitH gocnimpkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykormcy; E — 36ip komtis

Pegepar. Crarrsa: 7 c., 9 Tabm., 1 puc., 34 mxepena.

MeTa KOCTiKEHHsI — BU3HAYUTHU OCOOIMBOCTI BIUIMBY KiZIbKOCTI IIOBTOPEHD Ta IHTEPBA/IB BifIITOYNHKY Ha e(eKTUBHICTD
HpOrpaMy HaBYaHHA CTPUOKY Y HOBKUHY 3 MicIis fiiByaT 14 pokiB.

Marepianu i MeTopu. Y HoCTimKeHHI TpUITHAMM y4acTb 40 AiB4aT 14 pokiB. YUacHMKM JOCT/PKeHHA OyIu O3HailOMIIeHi 3
0COOMMBOCTAMY TIPOBEfIEHHsI €KCIIEPYMEHTY i Hala/lv 3TOAY Ha y4acTb B HbOMY. Y JOC/I/PKeHHI BUKOPMCTaHI MeTO[M aHali3y
HayKOBO-METO/IMYIHOI T TepaTypu, CIIOCTEPEKEHH ], TIElarOTiYHMIA eKCIIEPMMEHT, METOY MaTeMaTN4YHOI craTucTuku. Ilegaroriv-
HUIT eKCIIepyMeHT OyB opraHisoBaHmit 3a wianoM II®E tumy 2%, BuB4aBcst BIUIMB KiNbKOCTI OBTOpeHbD (6-12 pas) Ta iHTepBary
BifmounHky (60-120 c) Ha eeKTUBHICTb IPOrpaMy HaBYAHHA CTPUOKY Y ZOBXUHY 3 MicIia AiB4aT 14 pokis. [l aHami3y faHnx
OyB BUKOPYCTaHMIT AUCKPUMIHAHTHIIT aHaIi3.

PesynpraTy. AHai3 eKCIepMMEeHTaIbHNX JAHUX TTOKA3aB, 10 PeXXVMY YePryBaHHA BUKOHAHH: (i3NYHUX BIIPAB Ta iHTep-
BAJIB BiIIIOYMHKY CTATMCTUYHO ZOCTOBIPHO BIUIMBAIOTh Ha (POPMYBAHHS PYXOBOI HABUYKY CTPUOKY y JOBXKIHY 3 MiCIIsI AiBUaT
14 poxkis (p < 0.001). HaiimeH1ry cymMapHy KilbKiCTh TOBTOPEHb Ha (OPMYBaHHs HABUYKM CTPUOKY Y ZOBXKVHY 3 MICIiA [iiBYaTa
BUTPATWU/IN HiC/IA TPETbOTO PEKMMY BUKOHAHHA BIIpaB. Tak, 1, 4 Ta 6 cepii HaBUa/JIbHNUX 3aBJIaHb MIBUJLIE 3aCBOIOETHCS MICIA
TPETHOTrO PEXKMMY BUKOHAHHSA BIIPaB, 3 Cepis HaBYa/JIbHUX 3aBJaHb — IIC/IA APYToro peXXuMy BUKOHAHHSA BIIPaB, 2 Ta 5 cepil Ha-
BYA/IbHMX 3aBJIaHb — IIC/IA 9YeTBEPTOTO PEKMMY BUKOHaHHA BIpas (p < 0,001).

BucHoBKM. BcTaHOB/IEHO, 1[0 peXXMM YepryBaHHA BIIPaB 3 MiAX0nM 1o 2 pasu 3 iHTepBantoM BifnounHKy 120 ¢ kaacudiky-
€TbCs SIK HallbLb1 pariionanbHmit. Oco6mmBicTio popMyBaHHS PyXOBOI HABIUKII € Te, 110 KOXKEH 3 PEXKMMIB MOXKe PO3ITIANATICS
AK IPIOPUTETHMIA JI/I TOTO UM iHIIOTO PYXOBOTO 3aBIAHHA. Y NOCII>KeHH] ITpolleCy HaBYaHHA IMICKpMMIHAHTHMIT aHasIi3 Ha/jae
MO>K/IMBICTD 3A1MICHUTY KIacKpiKallilo pe>KUMiB poOOTI i BUSHAUUTU B3a€MO3B 30K PYXOBMX 3aBJJaHb IIPOrpaM HaBYaHHS.

Knrouosi croBa: niuara 14 pokis, cTprOOK y JOBXIHY 3 MiCLisA, PeKMMY BUKOHAHHSI BIIPAB, AMCKPMMIHAHTHIIT aHAI3.
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Abstract

Background. Sport and fitness are physical requirements in the same way that humans require food and water. On
the other hand, sport and fitness is a highly complex field of study, complicating attempts to define critical terms,

resulting in a relative lack of scientometric analysis.

The study goal is to look at the development of sport and fitness research around the world, using the Scopus and

Web of Science databases as its foundation.

Materials and methods. Publications are gathered using the Scopus and Web of Science databases as well as
scientometric parameters, including worldwide publication trends, the authors who receive the most citations, the

amount of citations, and author keywords.

Results. The results show the authors’ keywords analysis was inspected based on their relationship to physical
activity, physical exercise, and physical training. The United States was the most active country, with 601 publications.
As expected, the United States is a leader in physical activity promotion, with 19.3 percent of the population
participating in sports and exercising daily in 2019. The International Journal of Environmental Research and Public
Health from Switzerland leads 68 publications, which is another noteworthy finding. Additionally, according to this
analysis, Ortega, EB., of the School of Medicine, University of Granada, Madrid, Spain, is the author who publishes

the most documents with 33 in total.

Conclusions. According to our research, the top five keywords that gained traction over the previous two years were
“Cardiorespiratory Fitness,” “Body Composition,” “Health,” “Physical Activity; and “Adolescents.” The study value

to the field of sports and fitness is that it provides readers and upcoming researchers with a wide range of sports

and fitness trends from the past and present. Additionally, the study findings will aid future academics in predicting

potential industry trends.

Keywords: Sports and fitness, Physical activity, Cardiorespiratory fitness, Scientometric.

Introduction

Fitness became extremely popular toward the end of the
twentieth century. And as the fitness industry grew in prom-
inence over the next decade, it sparked increased interest
in newspapers and other media outlets (Agerbo, 2016). It is
also the shreds of evidence that wearable sports and fitness
technologies have found commercial success (Vidal et al.,
2021). Wearable technology, the top fitness trend worldwide
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since 2016, is evolving rapidly and unpredictably, and the
wearables industry is expected to be worth US$27 billion
by 2022 (Ash et al., 2020; Diiking et al., 2018; Thompson,
2018). In Europe, 40,000 sports and fitness facilities attract
40 million customers, while the same customer base in the
United States generates annual revenue of around 22 billion
USD (Avourdiadou & Theodorakis, 2014). The United States
Department of Labor reported over 260,000 instructors in
2012. European countries have seen the same trend: the Min-
istry of Youth Affairs and Sports in France recorded 10,000
gyms in 2013 (Fontan et al., 2017). Furthermore, a recurring
theme in the marketing and service literature is the need for
more comprehensive models to clarify the role of the main
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drivers explaining customer loyalty (behavioural intentions
and purchase decisions), particularly in the context of sports
and fitness (Theodorakis et al., 2014). This demonstrates that
sport and fitness are an unavoidable requirement for every
individual to support various activities and productivity. It is
an up-and-coming field of science in the future.

The world’s population now includes sports and physi-
cal education as part of their lifestyles (Sofyan et al., 2022).
Keeping health as a top priority and advancing education
reforms emphasising sports are both imperatives that must
be upheld (Chen & Chen, 2017). In addition to tradition-
al fitness activities, exercise may assist in achieving fitness
goals (Beaudet et al., 2004). People who participate in fit-
ness activities work to change their body capital in terms of
physical appearance (e.g., lean, toned) and bodily functions
(e.g., strong body) (Stewart et al., 2013). Understanding the
factors that influence sports participation is critical for en-
couraging physical activity and the development of an active
lifestyle (De Meester et al., 2020). Exercise and fitness are al-
lotted a limited amount of time (Crook, 2013). Nonetheless,
as sports and fitness grow in popularity, so does the demand
for professionals in sports information. As a result, sports
information becomes more accessible to the general public
and the sports community.

When it comes to health benefits, exercise is a two-edged
sword. The beneficial effect is primarily achieved through
physical activity, which is a significant component of most
sports (Malm et al., 2019). Sport and fitness, on the other
hand, is a very complex field of study, making it challeng-
ing to define critical terms (Kielty, 2010). Recent research
indicates that fitness and exercise accompany various social,
economic, and physical environmental factors, but some is-
sues, such as how people engage in fitness activities, have
received little attention (Wu et al., 2018). Sports as a form
of physical fitness should embrace the idea of low-carbon
energy, promote physical activity in an environment that is
energy-efficient, foster a vibrant fitness culture, encourage
people to lead healthy lives through scientific fitness, protect
the environment in a variety of ways, and make an energy-
saving and low-carbon contribution to the sports industry
(Li, 2012).

Several upstream studies have been conducted. People
with lower levels of physical fitness are frequently in poorer
health (Robertson et al., 2000). Adolescents’ negative impact
on secondary health conditions can be reduced by improv-
ing their basic motor skills and physical fitness as they en-
ter adulthood (Foley et al., 2008). It is well established that
maintaining a high level of physical fitness has numerous
positive effects on adolescents’ mental and physical health,
including preventing obesity, cardiovascular and metabolic
illness, and musculoskeletal issues (i.e., depression, anxiety,
stress, and quality of life) (Biernat, 2011; Esteban-Cornejo
et al., 2014; Janssen & Leblanc, 2010; Smith et al., 2014).
Popular among kids, sport is a systematic kind of physical
activity that has been connected to a range of psychological
and social health outcomes, including improved social skills,
lower depressive symptoms, higher self-esteem, and higher
competence (Eime et al., 2013).

Due to the importance of sport and fitness, many stud-
ies have been carried out to scale most of the topics related
to physical activity (Barber, 2007; Elbe et al., 2017; Fenton
et al., 2016), national fitness policies (Tan, 2015), exercise

and the environment (Thorpe et al., 2021), fitness and health
(Grant et al., 2014), recovery and rehabilitation (Morton et
al., 2016), multi-activity sports (Gerdin & Pringle, 2017),
event marketing (Kurscheidt et al., 2003), neuromuscular
and metabolic (Vachon et al., 2020), fitness center business
(Leén-Quismondo et al., 2020), fitness industry (Zhang &
Wang, 2012). In addition, several scientometric studies have
been conducted regarding the evaluation of sports source
titles (Blaginin et al., 2020; Elahi et al., 2020; Kusugal, 2018);
positive youth development (Qi et al., 2022); athletic perfor-
mance (Lombardo & Emiah, 2014); sports science (Yamin-
firooz et al., 2014); eSports (Vanegas et al., 2018); sports
sociology (Tian & Wise, 2020); sport sciences researchers
(Soufi et al., 2018); fitness model (Ke, 2013).

Despite the importance of exercise and sports, sciento-
metrics research in this area has not received much atten-
tion. The goal of this study is to analyze major works in the
disciplines of sports and fitness that were published between
1919 to 2022. It is crucial to spot trends in research that has
been published in journals in order to summarize the state
of the literature at the time of this study. Responses to the
following research questions were sought:

1. What are the most well-known sources, represen-
tative nations, and important organizations in the
field of sport and fitness research?

2. What are the author’s main keyword sources and
influential sports and fitness-related topics?

3. How the major author keyword in the sports and
fitness industries has changed over the past few de-
cades?

Reasons for Scientometric Analysis

Using mathematical statistics, computing technol-
ogy, and other mathematical techniques, scientometrics is
a quantitative analysis of the input, output, and process of
scientific activity (Zhou et al., 2019). Scientometrics is the
creation of quantitative research techniques for the exami-
nation of the growth of science as a process for the trans-
mission of knowledge (Chellappandi & Vijayakumar, 2018;
Gonzales et al., 2021; Mingers & Leydesdorff, 2015; Ramy
et al., 2018), communication in science, and science policy
(Mohan & Kumbar, 2021; Velmurugan & Radhakrishnan,
2015), while analyzing patterns and the slow progression of
scientific findings (Nyika et al., 2021). In comparison to the
sociology of science, scientometrics has advanced signifi-
cantly, and it now more closely resembles library and infor-
mation science (Leydesdorff & Milojevi¢, 2015). To have a
deeper knowledge, scientometric analysis is required (Lai
etal., 2017).

Scientometrics frequently employs statistical and math-
ematical techniques to quantitatively and qualitatively ex-
amine scientific literature (Nath & Jana, 2021). The benefits
of research collaboration have been amply demonstrated
through the application of scientometrics and social net-
work analysis (Ceballos et al., 2017). Scientometric data is a
tool for analyzing the quality and productivity of scientific
research, as well as the breadth and advancement of sci-
entific research (Wani & Zainab, 2017; Young et al., 2015).
ScientoPy is a script-based Python tool for performing tem-
poral scientometric analysis. We can use temporal analysis
to pinpoint the emergence of a new phenomenon and its
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development into a trend or emerging issue (Ruiz-Rosero et
al., 2017). Throughout the course of this study, scientometric
indicators pertaining to publication, topic, source title, and
citation trends and progressions were examined (Li et al,,
2016). Numerous bibliographic databases are analyzed us-
ing the scientometric methodology (Martynov et al., 2020).
Locating and extracting papers on a research-related topic is
the first stage in performing a scientometric study (Malak-
outikhah et al., 2021).

Materials and methods

The number of publications in any field of study contrib-
uted to persuasive arguments for scholars to collect relevant
(Aziz et al,, 2022). In order to fully comprehend the patterns
of sport and fitness research, this study uses information
framework mapping methods to analyze the research situa-
tion and construct the existing theoretical structure (Abdul-
lah, 2021), the objectives of the research must be made clear
early on in this review (Abdullah & Abd Aziz, 2021). Scien-
toPy software was used to analyze this scintometric analysis.
A special piece of software for analyzing bibliographic re-
cords is called ScientoPy. It is a Python script that creates a
list of the most popular themes by author, author, and nation
keywords, as well as related papers (Pabon et al., 2020), and
it removes the chance of bias that can happen in individual
studies (Ruiz-Rosero et al., 2017). hroughout the course of
this study, scientometric indicators pertaining to publica-
tion, topic, source title, and citation trends and progressions
were examined (Li et al., 2016). Numerous bibliographic
databases are analyzed using the scientometric methodol-
ogy (Martynov et al., 2020). Locating and extracting papers
on a research-related topic is the first stage in performing a
scientometric study (Malakoutikhah et al., 2021). However,
analyzing author names (such as those on a primary list of
authors) poses a risk of bias in the study because of potential
name similarity.

Search Strategy

On October 8, 2022, data was collected from two well-
known databases with high impact factors, Scopus and
Web of Science (WoS). Initially, the string search strategy
used TITLE-ABS-KEY in Scopus and Topic in WoS, but
the amount of metadata was very large, and many articles
were not related to sports and fitness after manual checking
of existing documents. As a result, the search strategy was
modified to use the search string TITLE. As a result, 3,013
documents were obtained from the Scopus database and

3,267 documents from the WoS database. The keyword ter-
minology is well-known and not novel, particularly among
sports researchers. For instance, there are a lot of published
data in other, more well-known topics and disciplines. Addi-
tionally, publications whose authors did not use the acronym
sports and fitness in terms that correspond to the terminol-
ogy have been located using the conjunction “OR” In table
1, the search string and data retrieval in both databases are
explained.

Data repossession and management

All duplicate articles can be removed by Scientopy soft-
ware during data pre-processing. In this study, repossession
data was pre-processed. ScientoPy processed data at this
stage using the following document types: conference paper,
article, review, and proceeding paper (Ruiz-Rosero et al.,
2019). This research excluded books, book series, and let-
ters. The simplification of author names is another function
of pre-processing. The author’s initial and last names fre-
quently don’t match up in published works. By applying pre-
processing, ScientoPy may condense names, accents, and
abbreviations. due to the fact that names are shortened or
simplified while discussing things like countries, language,
and organisations (Pabon et al., 2020). Figure 1 shows the
accuracy of data collection and using PRIMA.

c
-% Records identified from*: Records removed before
o Databases (n = 6,277) screening:
£ Scopus = 3,011 Duplicate records removed
§ Web of Science = 3,266 (n=171)
Loaded papers > Omitted papers by document

(n =6,106) o type (n=1,114)
= Total papers after omitted papers o Reports not retrieved
g removed (n = 4,992 ) g (n=1,337)
: 7
(2]

Reports assessed for eligibility o
(n=4,992) Duplicated papers found = 1871
From Scopus (n = 1852)
l From WoS (n=19)
Studies included in review

b (n=3,121
= Scopus = 822
T:’ Web of Science = 2299

Fig. 1. Flow diagram of searches of databases and registers

Table 1. The search string and retrieval data of sports and fitness

Database Search Field Search String

TITLE-ABS-KEY = 38,839 TITLE-ABS-KEY ((“sport*” OR “physical activ*” OR “physical exercise*” OR

s document results “physical training”) AND (“fitness”))

copus
P TITLE = 3,011 document TITLE ((“sport*” OR “physical activ*” OR “physical exercise*” OR “physical

result training”) AND (“fitness”))
TOPIC = 36,880 results from  Results for (“sport*” OR “physical activ¥” OR “physical exercise*” OR
Core Collection “physical training”) AND (“fitness”) (Topic)

Web of Science

Tilte = 3,266 results from Core
Collection

Results for (“sport*” OR “physical activ*” OR “physical exercise*” OR
“physical training”) AND (“fitness”) (Title)
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Results

The researcher conducts and delivers a process analysis
in this section that enables the reader to comprehend the
current state of the sport and fitness research landscape as
well as anticipated publication patterns that will be helpful
for future study. The time frame covered by our review inves-
tigation is from January 1 of 1990 to December 31, 2021. The
initiation year is preconfigured by default in the ScientoPy
software since the software suggests this configuration. Both
databases’ history of sports and fitness papers reveals a strik-
ing trend, where this industry has expanded greatly since
2013. 126 publications came from both databases this year.
Additionally, 482 (18.08%) papers released in the two most
recent years (2020 to 2021) have been published, of which
234 (8.77%) documents in 2020 (188 documents in WoS
and 46 documents in Scopus) and 248 (9.31%) documents
in 2021 have been published (215 documents in WoS and
33 documents in Scopus).

However, by making changes to the ScientoPy global
settings file, we can alter the filter for this particular docu-
ment type. The most common form of document tracked
was an article, which had up to 2264 published manuscripts.
With an AGR of 29.05, it can be concluded that there has
been an upward trend or growth in the quantity of docu-
ments produced on a given subject. Accordingly, depend-
ing on the type of article document, the average number
of documents issued each year varies from the preceding
year. With a total of 215 manuscripts, review articles are
the second most common type of document. The third to
sixth types of documents are 181 proceedings paper, confer-
ence paper (40), book chapter (20), and two articles in press,
respectively.

According to an in-depth search of the ScientoPy soft-
ware, of all the types of documents available, reviews re-
ceive the most citations. Janssen and LeBlanc’s (2010) review,
“Systematic review of the health benefits of physical activity
and fitness in school-aged children and youth,” published in
the International Journal of Behavioral Nutrition and Physi-
cal Activity, BioMed Central Ltd., United Kingdom, received
2,742 citations. This review explains that physical activity
has been linked to a variety of health benefits. The dose-
response connections seen in observational research imply
that your health will improve as you increase your physical
activity level. The outcomes of experiments demonstrate that
high-risk children’s health can be improved by even modest
levels of physical activity (e.g., obese). To reap major health
benefits, one must engage in physical exercise of at least
moderate intensity. High-intensity activities might poten-
tially be more advantageous. The largest health benefit came
from aerobic-based exercises, with the exception of bone
health, which needed high-impact weight-bearing activities.

Based on the data retrieved from the ScintoPy software,
Table 2 lists the number of authors who regularly produced
articles on sports and fitness. The total number of publi-
cations, Average Growth Rate (AGR), Average Documents
per Year (ADY), Percentage of Documents in the Last Years
(PDLY), and the author’s h-index are all listed in the table.
The top five authors who have made at least 29 publications
and have contributed to sport and fitness are listed in Table
2. Citing key researchers in our investigation helps with both
distribution and scientific acclaim. One of the lead authors

is Ortega, EB., who has 33 published publications and works
at the Unit for Preventive Nutrition, Department of Bio-
sciences and Nutrition at NOVUM, Karolinska Institutet,
Huddinge, Sweden, and Department of Physiology, School
of Medicine, University of Granada, Madrid, Spain.

One of the articles written by Ortega, EB. (2010) has
been published and received the most citations written with
Ruiz, J.R., Hurtig-Wennlof, A., Vicente-Rodrguez, G., Rizzo,
N.S., Castillo, M.J., and Sjostrom, M., entitled “Cardiovascu-
lar fitness modifies the associations between physical activity
and abdominal adiposity in children and adolescents: the
European Youth Heart Study”. The findings from this study
provide information that abdomen adiposity is adversely
correlated with cardiovascular fitness, and it appears that
cardiovascular fitness modifies the relationships between
physical activity and abdominal adiposity. The main fac-
tor that appears to be connected to abdominal obesity in
under-fit children and adolescents is time spent engaging
in vigorous physical activity. This discovery should be taken
into account as lifestyle intervention tactics are developed
further. It is necessary to confirm the findings from the high-
fit group.

The average growth rate (AGR) each year is -1.5, mean-
ing that the number of documents released for a topic does
not increase significantly. This suggests that the author suf-
fers a decrease in the average number of documents pub-
lished every year when compared to the previous year. The
average number of documents published each year is in-
creasing, with an average of 2.05 documents per year (ADY)
and a positive trend. Documents in recent years as a percent-
age (PDLY) are 15.02, indicating a good trend. Additional
authors in the field of fitness and sport are listed in Table 2.

Table 2. The top five most active authors

Pos. Author Total AGR ADY PDLY hIndex
1 Ortega, EB. 33 -1.5 2.05 15.02 22
2 Ruiz, J.R. 32 -0.5 0.05 3.01 22
3 Blair, S.N. 30 -1.0 0.05 3.03 22
4 Ekelund, U. 29 0.05 2.00 13.08 19
5 Mota, J. 29 -1.0 1.00 6.09 17

Popular source titles, representative
countries, and key institutions

Each author who contributes to a publication is con-
nected to a certain organization. Scientopy also utilizes this
data in the process. This analysis enhances the reputation of
the organization and motivates people to keep reporting it in
order to improve its ranking. Journals, conference proceed-
ings, and books all qualify as sources. The top 10 sources are
listed in Figure 2 according to the quantity of articles that
were published between 1990 to 2021.

The scientific sources with the most associated publica-
tions have been gathered into a list. The top 10 scientific
sources for sports and fitness research are shown in Figure
2 by order of publication. This analysis detects the current
sports and fitness-related research publications. This results
shows that, with 68 published articles, the International
Journal of Environmental Research and Public Health is the
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top scholarly source for sports and fitness-related publica-
tions. The Journal of Sports Sciences is in third place with 45
documents, Medicine and Science in Sports and Exercise is
in second place with 54 documents, and the Journal of Phys-
ical Activity & Health is in fourth place with 41 documents.
These four scientific sources are the only ones with more
than 40 publications. The International Journal of Environ-
mental Research and Public Health has attracted 72.01%
of publications pertaining to sports and fitness, which is in
line with recent trends (2020 and 2021). Theory I Practical
Fizicheskoy Kultury (25.07%) and the Journal of Sports Sci-
ences (22.02%) are two further scientific journals that have
produced papers more than 20% in 2020 and 2021.

International Journal of Environmental Research and Public Health
Medicine and Science in Sports and Exercise

Journal of Sports Sciences

Journal of Physical Activity & Health

Scandinavian Journal of Medicine & Science in Sports

Teoriya i Praktika Fizicheskoy Kultury

Journal of Sports Medicine and Physical Fitness

Pediatric Exercise Science

American Journal of Human Biology

BMC Public Health

%

™ I Before 2020
15% [ Between 2020 - 2021

0 10 20 30 4 50 60 n
Total number of documents, with percentage of documents
published in the last years 2020 - 2021

Fig. 2. The 10 most active scientific sources in publishing
manuscripts related to sports and fitness

The nations with the greatest number of publications
in this area have been collated in a list. The top ten nations,
as determined by sports and fitness publications, are shown
in Figure 3. Countries that are actively researching sports
and fitness are identified through country analysis. Figure 3
shows that the United States has 601 publications. Second,
with 232 publications, is the Spain, followed by Spain with
212 publications. Only these three countries have published
more than 218 academic scholarly works, and the last is the
United Kingdom with 214 publication.

United States 13%
Spain

China

United Kingdom
Brazil

Australia
Germany
Canada
Portugal
Netherlands

I Before 2020
10% [0 Between 2020 - 2021

0 100 200 300 400 500 600
Total number of documents, with percentage of documents
published in the last years 2020 - 2021

Fig. 3. The top ten most active countries in the field of sport and
fitness

Publications list authors according to their specific in-
stitution or affiliation. Future cooperation amongst scholars
have been made possible by their knowledge of which in-
stituions best represent sports and fitness. The top ten or-
ganizations and nations that publish studies on sports and
fitness are shown in a bar graph in Figure 4. The University
of Granada in Spain has the most articles, according to Fig-
ure 4 of this report (68 publications). With 53 publications,
the University of Porto in Portugal took second place. The

University of Jyvaskyld in Finland, with 41 publications,
is in third position. Despite being in tenth place, the Uni-
versity of Southern Denmark in Denmark has the highest
PDLY (40.9%) of the nine other universities when it comes
to working and conducting research on sports and fitness.

Univ Granada, Spain

Univ Porto, Portugal

Univ Jyvaskyla, Finland

Karolinska Inst, Sweden
Norwegian Sch Sport Sci, Norway
Univ lllinois, United States

Univ Copenhagen, Denmark

Univ S Carolina, United States
Univ Basel, Switzerland

Univ Southern Denmark, Denmark

mm Before 2020
41% N Between 2020 - 2021

4 10 20 30 40 50 60 70
Total number of documents, with percentage of documents
published in the last years 2020 - 2021

Fig. 4. The top ten most active institutions in the field of sport and
fitness

The author’s keyword base and influential topics

Author keywords are the words that the writers have
specifically selected to characterize the content of a pub-
lication. The writers’ keywords made it easier for readers
and potential scholars to find important passages in articles.
Many electronic search engines, databases, and journal web-
sites use author keywords to discover pertinent publications.
Using the authors’ keywords, ScientoPy might then follow
the development of a research question or search thesis. This
section looks into the authors’ main keywords from earlier
sports and fitness studies. To finish the workflow, research
trends were found based on the authors’ keywords. Similar
terms with British and American spellings, as well as sin-
gular and plural keywords, have been recommended to be
mixed. These manual exercises aid in data arrangement and
prevent term duplication, producing findings that are more
reliable.

By analysing the top author’s keywords with the highest
AGR, ScientoPy can spot hot auhtors keyword (as described
in the “Topic growth indicators” section). Figure 5 charts the
development of the most popular trending topics in the area
of sports and fitness. The total number of documents is plot-
ted using a logarithmic scale against the year of publication
on the left side of this progression map. As a result, the first
row on the X-axis denotes the year the topic study was start-
ed, while the last line on the Y-axis displays the total number
of documents produced for each topic. On the right’s Y-axis,
the AGR of each topic for the years 2021-2022, as well as the
PDLY, are displayed. This graph can be used to determine
the topics that have the highest AGR and highest PDLY. As
a result, “physical activity” (29,00) was the trending topic
with the highest absolute increase, while “cardiorespiratory
fitness,” (30,04), “body composition,” (24,07) and “health”
(24,02) were the three terms with the highest relative growth.
Ten hot themes based on the author’s keywords are shown
in Figure 5.

Using cluster mapping, this study determined the co-
occurrence of the authors’ keywords by identifying themes
or issues related to sports and fitness. ScientoPy was used to
do preliminary processing on a combination of Scopus and
WoS metadata datasets before the VOSviewer was used to
produce a network map. Additionally, this study mapped
the co-occurrence of the writers’ keywords using a thesaurus
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Fig. 5. Top 10 trending topics based on the author’s keyword
evolution plot related to sport and fitness

file. When combining similar terms, spelling changes, and
singular or plural terms, such as accelerometer and acceler-
ometry, sport and sports, thesaurus files are crucial.

Figure 6 compares the number of times a keyword ap-
pears in VOSviewer to the size of the node. The keyword will
be more noticeable the darker the stain is. The thickness of
the line between the terms, which represents the degree of
co-occurrence, determines the strength of the association.
The author keyword is also shown in Figure 6 as an over-
lay graphic, emphasizing its connections to other keywords
with the use of color, node size, text size, and connecting line
thickness. 29 keywords were discovered to meet the current
standard of having a minimum of 30 occurrences and 3,990
total keywords. In the diagram, blue nodes represent pre-
viously identified structures, whereas red nodes represent
newly discovered structures.

The results showed that “physical activity” was the
keyword that appeared the most with 699 times, and had

a total link strength of 1068. “physical fitness” (491 occur-
rences, 659 total link strength), “exercise” (316 occurrences,
441 total link strength), “fitness” (229 occurrences, 353 to-
tal link strength), “adolescents” (173 occurrences, 338 to-
tal link strength), “children” (160 occurrences, 319 total
link strength), “obesity” (148 occurrences, 297 total link
strength), “cardiorespiratory fitness” (179 occurrences,
274 total link strength), “health” (96 occurrences, 167 total
link strength), “body composition” (78 occurrences, 140 to-
tal link strength), “accelerometry” (74 occurrences, 122 total
link strength), and “youth” 66 occurrences, 111 total link
strength). Only these 12 keywords have a total link strength
above 100.

The VOSviewer results enabled us to deduce that the
most frequently used keywords in 2013 were “cardiovascular
disease” with 40 occurrences (77 tls). For these keywords, the
article by Myers, J., et al. (2015), entitled “Physical Activity
and Cardiorespiratory Fitness as Major Markers of Cardio-
vascular Risk: Their Independent and Interwoven Impor-
tance to Health Status” is the article that received the most
citations, namely 401 citations. This review demonstrates
that with losses so pronounced in recent generations, current
patterns of physical activity are undoubtedly the lowest in
human history, and forecasts for the future suggest addition-
al global declines. Recent developments in statistical and epi-
demiological approaches have made it possible to measure
the separate impacts of cardiorespiratory fitness and physical
activity on health outcomes. Based on more than 50 years
of epidemiological research, it is now well recognized that
higher levels of cardiorespiratory fitness and physical activity
are associated with improved health outcomes.

The most recent keyword that was initiated after 2016
was “cardiorespiratory fitness,” with an occurrence of 179.
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Fig. 6. Overlay visualization of the co-occurrence of authors’ keywords
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This keyword had (274 total link strength). Other key-
words that emerged after 2016 included “accelerometry”
(74 occurence, 122 total link strength), “sedentary behav-
ior” (43 occurence, 80 total link strength), “physical edu-
cation” (50 occurrence, 70 total link strength), “quality of
life” (40 occurrence, 66 total link strength), “intervention”
(32 occurrence, 65 total link strength), “students” (31 occur-
rence, 39 total link strength), “physical exercise” (41 occur-
rence, 36 total link strength).

Discussion

One of the most crucial processes in scientometrics
analysis is pre-processing because the quality of the data af-
fects the quality of the results (Cobo et al., 2011). One of the
most crucial preprocessing stages that enables data quality,
especially when working with datasets from two separate da-
tabases, is the elimination of duplication. This is crucial since
even one article manuscript may contain more than two data
in the Database, despite the fact that we claim to be able to
filter metadata that may contain duplicate data.

Based on their excellence in scientific work for various
academic fields, Scopus and Web of Science have proven to
be the top data sources and have high impact factors. The
scope and content of the well-known bibliometric databases
Web of Science (WoS) and Scopus are the product of the in-
dexation philosophies of their proprietors (Stahlschmidt &
Stephen, 2022). However, major databases limit their capac-
ity to offer an adequate selection of research materials. Al-
though large databases do offer research, their scope is much
wider and diverse than subject-specific resources (Marc-
oncin et al.,, 2022). As a result, many universities require
their professors to publish their scientific work in Scopus-
indexed journals to increase the prestige of the university,
attract new students, and absorb research funds. In addition,
the university requires full-time professors to post articles
on the Web of Science. From the other side, students, for ex-
ample, we can see that publication in Scopus/WoS is a fairly
formidable challenge that must be overcome. Even in many
countries, Indonesia, for example, to complete a doctoral
program (PhD), must publish academic papers in Scopus
indexed journals. The negative impact of this rule is that
many students are trapped in predatory journals. Not a few
students are slow in completing their studies, and in the ex-
treme, they drop out of college. Of course, this is inhumane,
because with one condition that is not fulfilled (cannot pub-
lish articles on Scopus), doctoral students must thwart the
struggle. That is a proven fact.

The first paper in this sports and fitness review, entitled
“Physical Exercise and Physiological Fitness,” was published
in 1919. The Journal of the American Medical Association,
73(1), 37, was published. This paper tells us that physical
exercise is not uncommon to the point of excessive, resulting
in final injury rather than benefit. Although intensive train-
ing is generally beneficial, failure to adapt to the increasing
demands of work is always a concern and a clue that alter-
native methods of improving organisms should be found
(1919). It is interesting to examine more deeply the benefits
and disadvantages of excessive physical activity and exercise.
Not infrequently and in many cases, if the activity is carried
out excessively, it can damage psychological, anatomical, and
physiological factors, even to the level of triggering death.

Exercise capacity and activity level have long been recog-
nized as predictors of cardiovascular and overall mortality
(Chang & Froelicher, 1994; Pate et al., 1995). Peak exercise
capacity as measured in metabolic equivalents is the best
predictor of mortality in normal subjects and of cardiovas-
cular disease (Myers et al., 2002).

The United States is the most active country in the world
in promoting sports and fitness, and the country is con-
cerned about it. Some of the most recent evidence in this
regard is as follows: 1) The Bureau of Labor Statistics esti-
mates that 19.3% of Americans participated in sports and
exercise every day in 2019. The participation rate of men
was higher (20.7%) than that of women (18 percent). This
includes engaging in sports, fitness, and other leisure activi-
ties, 2) In 2019, Americans spent an average of 30 minutes
per day engaging in sport, exercise, and leisure activities, 3)
Hiking, camping, riding, fishing, and running & jogging are
some of the most well-liked outdoor pursuits in the US., 4)
In 2019, more than 50 million individuals went hiking, while
more than 60 million people ran, jogged, and engaged in
trail running, 5) High school athletics play a significant role
in American sports culture. In the 2018-19 academic year,
4.53 million male students engaged in high school athletics,
with football being the most popular sport with over one
million participants. Around 3.4 million female students
participated in the overall student body in 2018-19. With
over 488 thousand participants, track and field had the most
participation overall. With more than 450 thousand par-
ticipants in 2019, volleyball was also very popular (Statista
Research Department, 2022). Thus, it is clear why the United
States was ranked as the most productive countries in this
study.

As scholars continue to study the convergence of spots
and fitness, more critical attention to the problem and a
theoretical and practical orientation are required. There is
no doubt that every professional must respect the authentic
aspects and fitness needs of the personality in carrying out
daily activities. Perhaps more importantly, scholars should
seek to critically engage with theoretical and conceptual
models from all disciplines when studying sports and fitness.
Physical activity is certainly very beneficial for the condition
of the body.

Meanwhile, the hot topic is cardiorespiratory fitness. The
results of research conducted by Burden et al. (2022) show
that adolescents who engage in 20 minutes of vigorous phys-
ical activity per day on average have maximal cardiorespira-
tory fitness, and there is little evidence that engaging in more
or less intense physical activity is beneficial. In addition to
always being related to physical health and fitness, cardiore-
spiratory fitness is also related to cognitive function and psy-
chological well-being. Among school-age children, cogni-
tive performance and cardiorespiratory fitness are important
correlates and predictors of psychological well-being. When
compared with groups of students with lower psychological
well-being, those with higher levels demonstrated greater
cardiorespiratory fitness, performance on concentration
tasks, and attention accuracy (Chen et al., 2022). Children
with high cardiorespiratory fitness have greater cognitive
function than children with low cardiorespiratory fitness
(Alvarez-Bueno et al., 2019). Cardiorespiratory health and
cognitive processing speed are substantially related to de-
pression, pain, and fatigue (Sandroff et al., 2019). Improving
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cardiorespiratory fitness can increase cognitive processing
speed without affecting the effects of fatigue, discomfort, or
sadness (Gao & Zhou, 2022).

Physical activity or sports to improve fitness is a basic
need that must be met to be able to stay strong in carrying
out daily work routines. Therefore, various elements must
be considered in encouraging the willingness of individuals
to develop their identity through sports, especially exercises
that prioritize the values of independence and prudence in
implementing exercise interventions. The public must be very
aware of the importance of increasing their fitness level with
various programs. Programs such as providing exercise fre-
quency, exercise intensity, duration of exercise, and type of
exercise must really be adapted to the conditions and needs of
society in general, not just non-athletes. Because giving inter-
vention to athletes is very clear in accordance with the stan-
dards of each type of sport. Thus, further development of the
constellation between physical activity, sports, and even phys-
ical education in schools is urgently needed to obtain more
comprehensive information to prevent unwanted things from
occurring, such as physical, kinetic, and even death.

Conclusions

This study has demonstrated the remarkable growth tra-
jectory of sports and fitness research since 2013. Sports and
fitness research is gaining traction due to the involvement
of academics and practitioners, which requires a lot of scru-
tiny in this area. Exercise, physical activity, and sports are
an inseparable part of many people’s lives, especially when
it comes to fitness. Thus, fitness is something that must be
obtained by every individual to be able to support and carry
out daily work activities. Not only that, good fitness is also
expected to improve cognitive, affective, and psychomotor
abilities. Therefore, it indirectly attracts and facilitates cur-
rent and future researchers who want to explore deeper to
become interested in sports and fitness.

This research is expected to be a stepping stone for fu-
ture work in developing sports and fitness research on topics
such as exercise and fitness and their impact on improving
the psychological elements; the impact of exercise and fit-
ness on people with autism; and in-depth studies of certain
themes or issues discussed in this study. This research How-
ever, this analysis is only a starting point that can be dis-
seminated with more in-depth investigations, such as a sys-
tematic literature review, meta-analysis, thematic analysis,
and empirical studies, to obtain more accurate information
related to this research in terms of content, methods, discus-
sion, and results. We can also conduct research by examining
the elements of the basic theory of ideals, reality, practicality,
nature, and humanism, which are analyzed concretely in the
field of sports and fitness. In fact, most of the research on fit-
ness and exercise has been carried out in Western countries
(Europe and America) where modern sports are dominant,
with good technological support or in developed countries
with strong sports histories and traditions, such as China.
Little research has been done by developing countries in
the field of exercise and fitness. Therefore, it is highly rec-
ommended for further researchers to explore information
about physical activity and exercise in developing countries.
Because not a few small and developing countries have good
sports achievements.

The search strings that were used to conduct this study
are mostly to blame for its limitations. The metadata is incor-
porated into the text throughout using the keyword “sports
and fintess”. The debate can alter slightly if more keywords
are utilized. Additionally, the results of this study’s keyword
analysis have been predicted to spur the creation of fresh
concepts, allowing for more effective dissemination and
communication of academic works related to sports and
fitness research as well as the emergence of new, more perti-
nent ideas and concepts.
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no3unuia CNOPTY TA ®I3UYHOI KYNIbTYPU: HAYKOMETPUYHUI OrNAap,

TaBi Coppsan"*5CP, I0axa MyHnamxkar Canyrpa'A“P, [Ixynrika Hypixcan'Ac,
Hypnan Kycmaepi'A¢, Xaiipyn Xagesag A6gymnax>*“P

'YuiBepcurer MaitaneHka

*[HIOHe3iICbKIIT YHIBEPCHUTET OCBITH

*Texnonoriyamit ynisepcuter MAPA

ABTOpCHKIMIT BKIAL: A — FU3aiiH KOCTimKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarts: 12 c., 2 Tabn., 6 puc., 84 mxepena.

Cropr i pisudna KynbTypa € GisMIHNMY HOTpebaM TaK caMo, sIK IOV HOTPeOyITh DK Ta Bofu. 3 Apyroro 60Ky, CrioprT i
¢isnyHa Ky/IbTypa € HaJ3BUYAIIHO CKIA/IHOIO TaTy33I0 JOCI/PKEHHS, 1[0 YCK/IA/{HIOE CIPOOM BU3HAYEHHA KPUTUYHIX TePMiHiB,
110 IPU3BOJUTD [0 BiTHOCHOI BiICYTHOCTi HAYKOMETPUYIHOTO aHaIi3Yy.

MeTa IbOr0 JOCTiKEHH IIOJIATAE B TOMY, I[00 POSI/LAHYTI PO3BUTOK JOCTIIXEHb Y Tamysi CIIopTy Ta GisN4HOI KyIbTYpu
B yCbOMY CBiTi, BUKOpucToBytoun 6asu fanux Scopus ta Web of Science sk 170ro ocHOBY.

Marepiamu ta meropu. ITy6nikanii 36upaioThb 3a gornomorowo 6a3 gaHux Scopus Ta Web of Science, a Takox mapaMerpi
HayKOMeTpii, BK/II0Yalo4uy CBiTOBi TeHIEHIil ny6nil<aui]71, aBTOPiB, AKi OTPUMYIOTh HalibinplIe LUTyBaHb, Ki/IbKiCTb UUTYBaHb i
K/IIOYOBi C/IOBa aBTOPIB.

PesynpraTn. PesynbraTu MokasyioTh, 10 aHasIi3 KIIOYOBMX C/IiB aBTOPIB IIepeBipsBCs Ha OCHOBI IX 3B’s13Ky 3 disnuHOO
aKTUBHICTIO, QisnuHMMM BripaBaMy Ta (isudHOIO mifrorokoro. HaitakrusHimmoo kpainoto Busasuwmics Crnonydeni Iltatu, ne
Burinra 601 my6nikania. Sk it oyikyBanocs, Crionyudeni Illtatu € migepoM y cripusAHHi po3BUTKY ¢isnyHOI akTMBHOCTI: y 2019
poui 19,3 BifcoTKa HaceNeHHA 3a/iMalOThCA CIIOPTOM i BUKOHYIOTh BIIpaBy WIOfHA. MiKHapogHMil XypHa/ JOCTiPKeHb HaBKO-
JIMIIHBOTO CepefOBUINA Ta TPOMaJICbKOro 3fopoB s 3i IlIBerinapii o4osoe 68 my6miKariit, Mo € e OFHNM 3HAYHUM BiJKPUTTAM.
Kpim roro, srigno 3 uum ananisom, Oprera ®©.b. 3 Megnunoi mkonu Yuisepcurery Ipanagu, Manpup, Icnanis, € aBTopoMm, SKumit
ny6/iKye Hailbi/Iblile JOKYMEHTIB — 3arajioM 33.

BucHOBKM. 3TifHO 3 HAIIMM JOCTIIKEHHAM, TOI-IT ATh K/IIOYOBUX CIIiB, AKi Ha6ym/[ TIONY/IAPHOCTI MPOTATOM IIOIEePENHIX
IBOX pOKiB, 6ynmu Taki: “Kappiopecmiparopna Burpusanicts’, “Ckrag Tina’, “3gopos’s’, “®isuuna axtuBHicTs” 1 “IlimmiTkn”
LinHicTb bOTO JOCKEHHA [JIA Talysi CIOpTy Ta ¢isuaHOI KYZIbTYPM IIOJIATAE B TOMY, 110 BOHO HAJA€ YNTadaM i Ma17[6yTHiM
TOCIITHMKAM MMPOKNUIT CIEKTP CIIOPTUBHUX i Qi3Ky/IbTYPHMX TeHIEHIIiil MUHYIOTO Ta cborofieHHA. KpiM Toro, pesynbraTi jboro
IOCIKEHHS JOIOMOXYTh Mail0y THIM HayKOBISIM Ilepef0adnTy TOTeHIiHI TeHeHIil ramysi.

Knrouosi croBa: criopt i disnyna Kynbrypa, GisnyHa akTUBHICTD, KapfiopecnipaTopHa BUTPUBAIICTh, HAYKOMETPUIHMIL.
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